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INTRODUCTION

It is well-known fact that silkworm eggs hatch with a diel periodicity every
daybreak. Such a diel rhythmicity implies reasonably that the light stimulation (the
sun light) should be a controlling factor for hatching, and it has been known
practically by experience since censiderable old times in Japan. A pretty many
investigations®, therefore, have been carried out on incubationg methods or hatching
phases of silkworm eggs. Among these, many papers™ are treated on effects of
light on hatching when the eggs are subjected to light at various embryonic stages.
From the results it becomes clear that the light stimulation is an important factor
to cause hatching.

Silkworm eggs, however, can hatch rhythmically without light stimulation at
the stage of larval body completicn (Tanaka 1957). Researching on the effectiveness
of light and dark upon the hatching phase of silkworm eggs at later growth stages,
Taxevcur (1956, 1957 a b c¢) has revealed that the rhythmicity with a regular cycle
exists in the hatching feature regardless of their races. A similar phenomenon is
observed in the moulting phase of the larvae (F. Tanaka 1956) and also in the ima-
ginal emergence of silkworms (Tsuror 1910, Kivura 1952). But these studies has
hardly paid special concern to the rhythmicity. Then the question whether the daily
rhythmicity is brought by an endogenous stimulus, by an exogenous one or by the
above dual ones has been left unexplained. Then, tried to clear up these problems,
the author carried out several experiments, in which the occurrence of the rhyth-
micity of hatching was examined under the constant condition and under shift of
environmental factors, using the eggs of various strains of silkworms. Consequently
it has been ascertained that silkworm eggs have a hereditary character which
persists generally about 18-hr rhythmicity of hatching. Further he analyzed the
actions of light and dark, of warm and cool or of combined condition of each factor
upon the manifestation of the rhythmicity.

These experimental results are given in the present paper.

Before going further the author wishes to acknowledge the indebtedness to Dr.
N.Yacr for his cordial guidance throughout the study and reading the original
manuscript. Thanks are also due to Dr. N.Kovama and Dr.E. Nacasuma for their
kind advices and supports for the study. Further the author desires to express his
gratitude to Ass. Prof. H. Macuiva who gave him encouragement in many ways,
and to Mr. I Cumwo who kindly proposed a lot of silkworm eggs for the author’s use,
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to Mr. R. Taker, Mr. T. Takizawa, Mr. M. Supa, Mr. T. Hasnizome and Mr. K. Kosavash:
who assisted the experiments, and Miss Y.Ikspa and Mr. T. Mivasmita who gave
laborious aid in preparation of the paper.

CHAPTER I RACIAL DIFFERENCES IN HATCHING PHASES

Up to the present, hatching phases of silkworm eggs have been studied mainly
on those of so-called “normal races”, the eggs of which take purplish black colour-
ation. Tried to clear up the racial differences of hatching phases, the author carried
out the following experiments using various varieties which differ genetically in egg
colour, moltinism or voltinism, from the normal races. Besides a comparison was
made of the hatching phase in Bombyx mori with that in B. mandarina.

MATERIALS AND METHOD

Each group of about 1000 hibernated eggs of silkworms and of about 180 eggs
of 2nd generation of B.mandarina was pasted on a thick paper and incubated under
the constant conditions of temperature (25°C), R.humidity (80%) and light (dark,
10 lux, 100 lux), respectively.

The incandescent lamp of Matsuda was used as the light sources. Number of
larvae hatched out was counted, swept off from the paper with a feather-brush,
at every interval of 3 hours from the beginning to the end of hatching. Especially
in the constant dark condition, a deep care was taken, at the counting, not to give
any light stimulation upon the eggs. The hatchabilities in all experiments were

expressed with percentage.

1. Rhythmicity of Hatching in a Hybrid
The eggs of a hybrid, Taihei x Choan (Japanese bivoltine race x Chinese bivol-
tine race) were used for the materials. The incubation of eggs began in May, 13th.

The results obtained are shown in Fig. 1.
20

The initial hatching appeared after 9
N o ,\/\/\ Dark days and 6 hours in 100 lux régime, after
E 2 9 days and 9 hours in 10 lux régime, and
% 10 ,._’/\A\/\__ 10k after 9 days and 18 hours in the dark con-
‘E dition. The fact indicates that the light
zo promotes the growth of eggs. The light,
10 1001ux notwithstanding, seems also to disturb the
182406 12 18 Z;imz inlf d;j 2# 6 1218 hatching phase, because the termination
Fig. 1 Rhythmic phase of hatching in of hatching in each experiment is almost
Taihei x Choan at the same time.

In the dark condition, the rhythmi-
city of hatching is apparently recognized ; two modal peaks of hatchability appear
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rhythmically with 18-hr interval. On the other hand, in the light conditions the

daily rhythmicity can hardly be seen though small modal peaks of hatchability exist
indistinctively.

2.  Rhythmicity of Hatching in the Three Main Races
As above mentioned, the eggs of the hybrid of silkworms hatch with about 20-hr
rhythmicity under the continuous darkness. Then the author performed the following
experiments to detect the differences of hatching phases among Japanese, Chinese

and European races. The incubation of eggs of each race was commenced at 12 a.
m. May, 28.

2 Nichi No. 1 Dark
v M
g w
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1 J/\\/\ih;
£ w .
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. /\/\\
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Nichi N‘D. 124
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10 /'_N/\//\/\‘/\M\‘
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10 100 lux

6121824(%1218%612182461218?/161218?/1
Time ip a day

Fig. 2 Rhythmic phases of hatching in Japanese races

Japanese race : Nichi-No. 1 (univoltine) and Nichi-No. 124 (bivoltine) were used
for the materials. Fig. 2 shows the experimental results.

In the case of Nichi-No.1 we can observe two marked peaks of hatchability in
the dark condition, a modal interval between the peaks being about 15 hours, It

suggests the existence of rhythmicity in hatching. In 10 lux condition, however,

two typical peaks as seen in the dark one disappear and the hatching rhythm is
hardly distinguishable, the first and the second modal intervals being 12 hours and
24 hours, respectively. In 100 lux condition the interval between modal peaks
becomes very narrower and the hatching rhythm cannot be recognized.

In the case of Nichi-No. 124 an attention should be payed to longer duration of
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hatching than the former variety. Under the dark condition there exist certainly
four rhythmical peaks with 24-hr interval. This rhythmical phase continues, being
a little deformed, under 10 lux incubation, but under 100 lux one the hatching
period is quite postponed as the modal peaks flattened. The rhythmicity of hatching
seems to be indefinite in higher illumination.
Above facts show that the manifestation of hatching of silkworm eggs differs
according to the varieties in the same race.
Chinese race : The eggs of Shi-No. 108 (bivoltine) was used for the materials.
As indicated in Fig. 3, the regular rhythm of hatching appears conspicuously in
the dark incubation. In 10 lux incubation this tendency is still maintained, but not
clearer than the former, the modal interval of hatchability reducing to 18 hours. In
100 lux incubation, however, the eggs

Shi No.108 hatch irregularly and the rhythmic cha-
2 M Dark racter in hatching seems to disappear.
Y ) _ European race: The eggs of O-No.
2 10 lux 19 (univoltine) were used for the experi-

10} ’m mental materials (Fig.3). In the dark

régime the hatching phase of the variety

20 100 lux .
" is more uneven than that of aforemen-
TS R S T R T R S R TR W S T RS TR T tioned races, the rhythmical modes of
A ' hatching being not so significant. Further
O No.19
20

0

' Dark any appreciable regularity in hatching
M . cannot be recognized.

20 10 lux
10L///\/\ L 3. Egg Colour Mutants and the Rhyth-

micity of Hatching

Hatchability (%)

20 100 lux

10 From above experiments the author

got the knowledge that most of varieties

24 6 12 18 24 6 12 18 24 6 12 18 24 6

Time in a day the egg of which take black colouration,
ig. i hatchi i . . .
e 3 ngiégnyxfdljgi?%%efn ri\ccélsmg " had the rhythmic character in hatching.

In this time the author researched
comparatively the hatching phases in the egg colour mutants such as wy, 7e and b,.
The results are shown in Fig. 4.

White egg mutant (w;): Under the dark incubation two modal peaks of hatch-
ability with 15-hr interval appear, but the rhythmicity is not clear. Under 10 lux
illumination the peaks of hatchability become much lower, though about 15-hr
interval is faintly kept. The rhythmic feature of hatching is completely inhi-
lited by 100 lux light in which the hatching duration is more or less accelerated.

Red egg mutant (re¢): Any rhythmical hatching is indistinguishable not only in
the case of dark régime but also in the case of light régime, though the higher the
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Fig. 4 Hatching phases in egg colour mutants

light intensity the quicker the hatching time.

Brown egg mutant (b)) : The hatching phase is generally irregular. Under the
dark condition some modal peaks of hatchability are observed, but they do not
continue the definite cycle. Under 10 lux and 100 lux conditions we cannot find any
rhythmic feature of hatching.

Thus the author has obtained the conclusion that the regular rhythmicity of
hatching hardly occurs in the egg colour mutants. This fact will be caused by some
essential differences between the abnormal coloured eggs and the normal black

eggs.

4. Moltinism and the Rhythmicity of Hatching

The normal races of silkworms are generally four moulter. Besides some mu-
tants are known which pass hereditarily three exuviations or five ones. The three
moulter is shorter and five moulter is longer than the four moulter in whole larval
period.

In this experiment the author studied the hatching phase in less or more moul-
ters using Kyokko and Gomunhaku, the eggs of which are black as same as the
normal eggs.

The incubation was undertaken from May, 28th. The results are illustrated ir
Fig. 5.

"Three moulter (Kyokko): Under the dark and 10 lux incubations there appear tie
medal peaks of hatchability with 9 or 12-hr intervals, but the regular rhythmidty
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of hatching unlikely exist. Under 100 lux

3"“‘2‘;(‘;:k0) condition the large promotion of hatch-
/y/\/\/\mrk ing is seen, but the modal peaks disap-

- — : o pear.
10 lux Five moulter (Gominhaku) : In the
= : ; dark condition the start of hatching is
100 Tux delayed as compared with the case of
light conditions. The hatching phase,

¢ 2 1521 6 1218 % 6 1218 24 6 12 ) . .
s ot however, is well characterized with 18-
-moulter

{ Gominhaku) hr rhythmicity. In 10 lux condition the
Dark first mode of hatchability diminishes,
L N vet the rhythmicity with 15-hr cycle is

faintly maintained. One hundred lux

Hatchability (%)

i 101 . . . . .
. illumination acceralates the hatching, in
o A i which the sharp rhythmic feature cannot
100 lux be observed.
SRR . TR TR RS TR TR From abovementioned results it is
Time in a day suggested that the hatching feature in

Fig.5 Hatching phases in 3 and 5-moulters the five moulter, with almost the same

character as in the normal four moulter, shows 18-hr rhythmicity in the dark
condition while the three moulter scarcely exposes such a rhythmicity.

5. Voltinism and the Rhythmicity of Hatching
In this section the hatching phases of the sub-multivoltine and the multivoltine
strains were researched comparing with those of uni-and bi-voltine strains.
The incubation carried out from May, 28. The results obtained are given in
Fig. 6.
Sub-multivoltine strain (Daizo) : This strain is one of Chinese races and shows
naturally two or more voltinism. There appear two modes of hatchability under the

Sub-multiveitine Dark Multivoltine

(Daizo) (Mysore)
/J\M -

s
=
10 lux E 10 lux
2 .
‘; L
SN
100 lux F 100 jux
20 6 13 1524 6 12 18 4 6 12 18 246 12 18 20 6 12 18 2¢ 6 12 18 24 6

Time in a day

Fig.6 Hatching phases in multivoltine strains



76 Shigemitsu Tanaxa No. 29

dark incubation, but the interval between them is 12-hr. Therefore it is quite
doubtful whether such a cycle should be called the real rhythmicity of hatching in
silkworms. A discussion on this problem will be provided in the later chapter.
Under the light conditions any rhythmic sign of hatching could not be recognized.

Multiveltine strain (Mysore) : Mysore used for the experimental materials is a
strain of Indo-Chinese races and has w, gene. The hatching phase is very much
irregular and the rhythmicity unlikely exists neither under the dark condition nor
under the light condition.

As explained above, it is obvious that the same rhythmical hatching as seen
in the normal races does not occur in the present strain.

6. Rhythmicity of Hatching in Bombyx mandarina
In the normal black eggs of silkworms the rhythmic hatching took place generally
with 18~21-hr cycle. Then, in this experiment a comparative study on hatching
phase was done between Bombyx wmori and B. wmandarina ; the latter has been
believed as an ancient type of domestic silkworms. The eggs of 2nd generation
30} from the same batch (about 180 eggs were
used for each experiment) were incubated

Dark
/\ under the continuous darkness and under
the illumination (30 lux). The incubation

%)
5 8

Hatchability(

was carried out from July, 7 and from

[\
<
T

0 lux
’ July, 12 and the. eggs began to hatch

b

et
<

after 8 days, respectively.

379 1520 39 5 s 3 5%

Tite in a day The results obtained are shown in Fig.

Fig. 7 Rhythmic phase of hatching 7. The regular rhythmicity of hatching

in Bombyx mandarina with 18-hr cycle was presented under the

dark condition and further the rhythmic sign had been persisted even under the
illumination, though the manifestation a little disturbed by light.

It is, therefore, evident that the eggs of B.mandarina have also an endogenous

character of hatching with 18-hr rhythmicity, which is much stronger than that of

B. mori.

7. Consideration and Conclusion

In above several experiments we have observed that the eggs of normal races
of silkworms expose the rhythmicity with 18 ~ 21-hr interval when they hatch
under the absence of light. Similar results were reported by Takeuchi (1957 a b ¢)
in Bombyx mori. Occurring under the entire constant condition, the rhythmicity
involves to be depended upon the endogenous factor in population. Under the constant
illuminations, however, the rhythmical cycle is often shortened or becomes irregular
and sometimes disappears. There is, nevertheless, a few races which keep the faint
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regularity of rhythmicity in 10 lux illumination as Taihei x Choan and Shi-No. 108
or even in 100 lux as Nichi-No. 124, so that we cannot help accepting the existence
of racial differences in the rhythmicity of hatching among eggs of the normal races.

The above results show that the continuous illumination to the eggs accelerates
the threshold of hatching, besides prolongs the duration of hatching. In Japan so
many investigations have already been carried out on the influences of light upon
the growth of silkworm eggs from the applicative point of view in the incubation.
Waranse (1934) and Takeucur (1957 b) pointed out that the growth of eggs was rather
inhibited after the eye spot stage while hastened remarkably at just hatching time,
by the presence of light. Taking their statements into consideration irregularity or
disappearance of the rhythmicity of hatching seen in the constant light condition
may be caused by the disturbance of egg growth, being promoted or controlled by
the light action. This problem will be analyzed in Chapter III

Table 1 Comparison of hatching features among
the eggs of various varieties

Genetic characters Rhythmicity in hatching
Varieties used Ege  Moltin  Veltm .. — e
Race colour  ism ism Dark 10lux 100 lux
Taihei x Choan Jap x Chin. black 4 2 +++ + + 15-18hr
Nichi-No. 1 Japanese ” 4 1 + 4+ + - 15-18
Nichi-No. 124 ” ” 4 2 + 44 A+ + 24
Shi- No. 108 Chinese ” 4 2 +++ + - 18-24
0-No. 19 European ” 4 1 + + + 15-21
*w, Japanese white 4 1 + - - 15
#re v red 4 1 — - —
*by ” brown 4 1 -+ — 9-15
Kyokko ” black 3 1 + — - 9-12
Gominhaku ” o 5 1 o + — 18
Daizo Chinese hgl?:own 4 sub-multi. + - - 12
Mysore (ws) Indo-Chin.  » 4 multi. + — - 9-18
Bombyxmandarina brown 4 2 +4++ 4430 lux) 18
Remarks. + -+ clearly present, - faintly present, & almost absent, — absent

sk In the hydrochlorized eggs of these strains, the rhythmic sign was sometimes
recognizable.

_ The interval between modal peaks of rhythmic hatching differs, more or less,
according to the varieties, but it can be recognized to be nearly the diel periodicity,
18-hr rhythm in mean value. As above described, the rhythmicity of hatching is
generally seen in the normal races while hardly in the egg colour mutants such as
w.*, re*, b*, and Mysore (wg)*. Such a difference involves that the egg colour,

#* The hydrochlorized eggs of these mutants showed sometimes a faint rhythmic phase of hat-
ching. The fact suggests that the rhythmic character of hatching is kept commonly in silk-
worms eggs, differing so much among varieties and between the hibernated eggs and the hydr-
ochlorized eggs (2nd generation).
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namely the quantity and quality of the serosal pigments of tryptophan origin, has
a close relation to the possession of the rhythmic character. The problem, however,
must be resolved in the future investigation.

European race, O-No. 19 shows an indistinct rhythmicity though black in the
egg colouration. The cause has yet been unknown, but it is plausible enough that
the growth of eggs of O-No. 19 which are naturally slow and diverse, relates to the
cause. Similar indiscernible rhythmicities in Daizo (sub-multivoltine) and Kyokko (three
moulter), secreting very actively the growth hormone (MoroHosur 1950), are assumed
to be affected by much faster growth than the normal races. As this hormonal
action, according to Morohoshi’s interpretation, controls the egg growth from the
early embryonic stage, it will strongly exert an influence on the hatching phase of
eggs. Conclusively the author wants to conceive that the existence of rhythmic sign
in hatching is certainly related to the colouration of the serosal pigments and also
to the activity of the growth hormone.

By the way the rhythmic phenomena in hatching of the eggs or in emergence
of moths (Kmura 1952, Picter 1918, Scorr 1936, Moriarty 1959) appear as a mass
pattern, so that it seems to be different far from the daily periodicity in the same
individual, for example in the pigment migration of Arthropod eyes (Congpon 1907,
Demorr, 1911, Wersn 193051, Bexnir 1932, Bennir & Merrick 1932, Nacano 1943-1950,
Wess & Brown 1953, Kovama 1955, Yacr, Kovama & Furumata 1956), in the activity
of some insects (Gunn 1940, Merianey 1940, Sucivama & Matsumoro 1955) etc. Not-
withstanding, the rhythmicity in hatching is probably formed in the end as a totality
of individual rhythmicity in the same egg.

CHAPTER II ENVIRONMENTAL FACTORS AND THE
RHYTHMICITY OF HATCHING

In this chapter the author studies the effectiveness of environmental factors
such as temperature, humidity and light upon the hatching phase of silkworm eggs.

1. Thermal Conditions and the Rhythmicity of Hatching

In all the previous experiments incubations of the eggs were carried out under
the thermal condition of 25°C, which makes the eggs of the next generation go to
diapause (taking black colouration, the diapause eggs of silkworm are generally
called “black eggs”). Then higher and lower temperatures than 25°C were taken as
the thermal factor.

The materials used were the hibernated eggs of Shi-No. 108, Shi-No. 122,
Daizo, Taihei x Choan, Choan x Taihei and Honen x Kenpaku, which were incu-
bated under the conditions of 18°C, 12°C, and 30°C. The 18°C régime is known
as the temperature inducing non-diapause eggs in the next generation. In this
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experiment the eggs have been kept under the temperature of 18°C since the initial
day of incubation. When the silkworm eggs are incubated continucusly under such
an inadequate temperature for growth as 12°C or 30°C, they fall in death or in
abnormal growth (Mizuno 1926). Then the eggs were subjected to above each temper-
ature only from just before hatching after being incubated under the constant
condition of 25°C. Numbers of eggs used were about 1000 per an experiment. They
were pasted on a thick paper. New born silkworms were counted every interval of
3 hours from the beginning to the end of hatching, the hatching phase being ex-
pressed with percentage. The author performed these experiments either in dark or
in light conditions, but in the latter the rhythmicity of hatching hardly cccurred as
in the previous experiments, so the results got only under the incubation of darkness
will be described in the present chapter.
(i) Rhythmicity of hatching under the condition of 18°C
The results obtained are shown in Fig.

O TuikeiXChoan | 8. Taihei x Choan begins to hatch from 16
22_ days after incubation, about 18-hr rhythm
10 J\ of hatching can be seen. The second modal
S L ' ' ’ peak of hatchability is highest and consists

g:z Shi Ne. 108 of about 70% individuals of whole eggs.
T In Shi-No. 108, which begins to hatch
"1 almost from the same time as in the above
o puies hybrid, the rhythmic hatching with 18-hr
10 cycle appears. In Daizo, however, no rhy-
R 3 SR TR R e thmicity of hatching cannot be recognized
Time in a day though the initial day of hatching is earlier

Fig. 8 Hatching phases under cool than the former two.

incubation (18°C; with darkness (i) Rhythmicity of hatching when

subjected to 12°C

10 Taihei » Choan

" . U s
24 6 12 13 24 6 12 18 24 6 12 18 24 6 12 18 24 6 12 18 4 6 12

g 3

Shi No. 122

Hat chability (%)

N N,
6 12 18 24 6 12 18 24 6 12 18 24 6 12 18 24 6 12 18 24 6 12
Time in a day

Fig. 9 Hatching phases in the eggs put in coolness (12°C) with darkness at
their full-grown stage
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The present data (Fig. 9) show the hatching phase when the eggs weres ubjected
to 12°C from just before hatching after the constant incubation of 25°C. The dura--
tion of hatching is markedly delayed, taking more than 5 days in both Taihei X
Choan and Shi-No. 122, and the rhythmic phases of hatching cannot be distinguished
at all though in the latter about 60% of whole eggs hatch at a time.

(iii) Rhythmicity of hatching when

zo} Expt. subjected to 30°C
10{ W As same as in the above experiment

i ot the eggs were subjected to 30°C from just
< xpt. . 5
| before hatching. In this case we can ob-
l serve three evident peaks of hatchability
2 1324 6 12 18 24 6 12 18 24 . .. .
with 9~12-hr rhythmicity. The hatching,

Time in a day
Fig. 10 Hatching phase in the eggs of the phase of which is shortened in all

Honen x Kenpaku put in warmness Shin o d

1 aYSs.
30°C) with darkness at their full- Ways.’ ends W_lthm fhbout 2 day
grown stage (iv) Consideration

From the above results the existence

Hatchability (%)

of rhythmicity is also recognized under the constant lower temperature (18°C) than
25°C in constant darkness.

It is, therefore, suggested that the rhythmic character in hatching is hardly
affected by higher or by lower thermal conditions of normal range, within which
the cyclic interval takes always 18~21 hours. However, Daizo being a peculiar
example, as indicated in Chapter I, does not manifestate the rhythmicity. The

hatching phases are summarized in the following table.

Table 2 Thermal conditions and the rhythmicity of hatching
(under constant darkness)

Temperatures Races Rhythmicity Interval Duration of
through embry- just before in hatching between modes hatching
onic stage hatching

25°C  —>  30°C Honen x Kenpaku + 4 - 9 —12hr 54 — 74 hr
18 —_— 18 Choan x Taihei +++ 18 — 21 54
” — Shi-No. 108 ++ 18 — 21 66
” — ” Duaizo — 60
25 —> 12 Taihei x Choan — 130
4 —> s Shi-No. 122 + 27 — 30 130

Remarks : Expressions in “Rhythmicity in hatching” are all the same as in Table 1.

When an extraordinal temperature such as 30°C is given to the eggs just before
hatching, the modal interval of hatching is rather shortened to 9~12 hours, keeping
the constant rhythmicity. On the other hand, when subjected tc much lower temper-
ature such as 12°C, the rhythmicity of hatching is hardly observed. It is conclu-
sively appreciated that the rhythmicity of hatching with 18~21-hr cycle occurs
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regularly near in the range of optimum temperature of egg growth. The hatching
rhythm is plausible to be arisen correspondingly with a physiological change along
egg growth, but the problem will be discussed in Chapter III

2. Relative Humidity and the Rhythmicity of Hatching

In the present experiment the effect of moisture upon the hatching phases in
the eggs of Shi-No. 108 and Choan X Taihei was researched with regard to three
conditions of relative humidities such as 100%, about 75% and about 30%, which
were made with saturated vapour, saturated water solutions of NaCl and of CaSQ,,
respectively. Each group of about 1000 eggs being pasted on a thick paper was
confined and incubated under the regulated condition of humidity with the temper-
ature of 25°C. The numbers of new born larvae were counted every interval of 3
hours and expressed with percentage.

The results obtained are denoted in

100% the duration of hatching is com-
paratively longer in Shi-No. 108(78 hours})

© RH75% than in Taihei x Choan (57 hours) and
21~24-hr rhythmicity of hatching is re-

cognized in the both strains,

lswﬂ 10 RH 100% Fig. 11. Under the condition of R.H.

30}
2l Under the condition of R, H. 75%,
w0r the hatching phase is almost similar to
the above experiment, the hatching du-
Z‘; Choanx Taihei, RH.100% ration being shortened to 54 hours.
On the other hand the commence-

st ment of hatching is markedly delayed

30 » (about 20 hours) under the condition of
R.H.75%
2 /j\ R.H. 30%. The two modal peakes of
10 .
e P hatchability appear in the both strains

30 but without normal interval of 18~21-hr.
0 R H.30% Abovementioned results tell us that
1 A_k the rhythmic character of hatching ap-
218 2 6 mT}:eﬁaiwu 1824 6 1218 pear in each condition of relative humi-
Fig. 11 Rhythmic phases of hatching dity under the constant darkness. R.
under several conditions of humidity H. 100% and R.H. 30 %, however,

! ¢ . . .
(dark, 25°C) cause a small shortening and widening

of the rhythmic interval of hatching
mode, respectively. As already reported on eggs of Bombyx mori, Antheraea pernyi
and Philosamia cynthia (Kocure » Yamamoro 1928, Kurasawa s Kanazawa « Ixksucn 1937,

Yamazaxr 1939, Fukupa Kitsupa 1949, Hopar 1949), the optimum humidity for egg
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growths exists within R. H. 70~95%. Then an extraordinary humidity, lower or
higher, will have related to the change of the normal cycle in hatching making the
egg growth abnormal.

3. Ultraviclet Ray and the Rhythmicity of Hatching

In the previcus chapter the incandescent lamp was used as a light source. Then
the author carried out a comparative investigation in hatching phase making use of
ultraviolet ray. The materials used were the eggs of Taihei x Choan and Zenko
(black egg strains).

The eggs were subjected constantly to the illumination from the mercury lamp
of winding tube type, which has two large absorption band in the wave length viz.
430my and 360my.

2 Tuikeix Choan 100 fux
10 /I/__/\/\\*‘

20

P //\/\/\_\m
20 Dark
10 .

Zenko

20 100 lux
10

20 10 lux
10

10 lux

Hatchability (%)

20
10r

Dark

A .
1218246121824612182461218246

Time in a day

Fig. 12 Hatching phases under ultraviolet ray

The results obtained are shown in Fig.12. Under the constant dark condition
the eggs expose 18~24-hr rhythmicity of hatching. But the rhythmic sign disappears
completely under the conditions of illumination, besides the beginning of hatch is
postponed.

The rhythmicity of hatching, which could be maintained under 10 lux of in-
candescent lamp light (Chapter I), becomes almost indistinguishable in the case of the
fluorescent light. This is assumed to be attributed to stronger action of the latter
than the former.
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It is well known that the light promotes the embryonic growth of silkworm
eggs, but the effect more or less varied according to the embryonic stage (Tanaxa
1951, Kawar » Epana 1951, Korzumt 1954). Horra and Kawasata (1955) reported that
when the eggs were continuously exposed to an incandescent of a fluorescent lamp
light, the positive effect was recognizable until the blastokinesis and the blue spot
stages, while effect turned to negative from the blue spot stage. In this case the
fluorescent light was more effective than the incandescent light, too. The present
results show that the fluorescent light induces a small delay of hatching. Consider-
ing the light stimulation inhibited strongly the embryonic growth from the blue
spot stage, the author’s results are in concordance with theirs.

4. Conclusion

The effect of environmental factors such as temperature, relative humidity and
light upon the rhythmic sign of hatching in silkworm eggs were dealt with in this
chapter comparing with results cbtained Chapter 1.

From the results it can be concluded that the rhythmic character of the eggs,
when incubated under the constant dark condition, appears with comparatively
strong stability and keeps generally 18~21-hr rhythmicity inspite of different con-
ditions of temperature and humidity. However, an extraordinary condition of tem-
perature or humidity brings a little disturbance in the interval between modal peaks
of hatchability.

Meanwhile the light, if casted continuocusly on the eggs, causes an inhibitory
influence upon the incidence of rhythmic hatching, which seems to be more control-
led by the fluorescent lamp light than the incande:cent lamp light.

CHAPTER III EXPERIMENTAL ANALYSIS ON THE ENDOGENOUS
CHARACTER IN THE RHYTHMICITY OF HATCHING

As described in Chapter 1 and II, the eggs of silkworms manifest regularly the
rhythmic hatching under the constant darkness. The author has peinted out that
such a regular rhythm occurs with 18~21-hr cycle in normal strains, showing
more or less racial differences and considered that the rhythmicity may be affected
by the endogenous character of the eggs, from the cyclic signs of hatching under
various conditions of incubation.

With attempt of revealing the endogenous mechanism in regard to the rhythmic
hatching, the author investigated expressive processes or changes of the rhythmic
character of hatching by subjecting the eggs to various régimes, viz. alternation of
light and dark, chilling and photopericdic treatment. Further the physioclogical
activity of the eggs which has probably an essential relationship to cause the rhy-
thmic manifestation was measured using dehydrogenase activity as an indicator.

The results obtained are described in the respective section.
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1. Effect of Alternation of Light and Dark upon the Rhythmicity of Hatching

When the eggs were subjected continuously to illumination through their whole
stages, the endogenous rhythmicity of hatching was inhibited (Chapter I), so its
appearance was assumed to be predominantly controlled, but not absolutely, by
continuous illumination.

In the present experiment the effect of alternation of light and dark upon the
manifestation of the periodic hatching was researched making use of the eggs at
each growth stage.

MATERIALS AND METHOD

About 2000 hibernated eggs of Taihei x Choan were used for each régime, which
is shown in Table 3.

RESULTS
Observing the results in Experiment 1 (Fig. 13), II (Fig. 14 a) and III (Fig. 14b),

Table 3 Experimental régimes (30 lux, 25°C, RH 80%)

Embryonic stages

Longest Blasto- Eye Just beffore Hatch
embryo kinesis spotted hatching
Al L I
. AdD - e d
- Bl D L
“;’ Bd L ~D -
B Cl D — iy
% Cd L--— -—D
“ bl oD L
Dd L D
al L - - —
= ad D e
B bl L12:D12 - -~ L e e
51 bd Li2:D12 —D- e
£ a4 Li2:D12 —L
&! cd L12:D12 ~D
M d Li2:Di2 —~ —~L
dd Li2:D12 —D
[ - L15: D9 —-D
= gg{LIS:DS —~D - -
=217 " lL21:D3 : D
£ (L9:Dis —D -
g '§§[L6:D18 ~D —
(fg @ " {L3:D21—— - =D -
L8:D38 —-D -

Remarks : L~—-light, D—-dark, Numbers sbow “Hours” of each condition.
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Fig. 183 Effects of light and dark upon hatching phases when each condition is
given to various embryonic stages of the eggs (Taifhei X Choan)

we can recognize just same phenomena as already demcnstrated not only under the
continuous illumination (Figs. Al and al), but also under the continuocus darkness
(Figs. Ad and ad) ; the rhythmical feature of hatching is suppressed in the former
while exposed in the latter. Now comparison will be made among each régimes.

Light effect at the blastkinesis stage (Figs. Bl, bl, Bd, bd)

In Bl régime (D—L) the rhythmicity can hardly be detectable, but in bl régime
(L12:D12—L) a rhythmic like sign but the modal interval shortened to 12 hours has
been disclosed. This maintenance is presumed to be brought by the after effect of
the artificial conditioning through previous embryonic stages. In Bd (L—D) and bd
(L12:D12—D) régimes the rhythmicity with 18~21-hr cycle is clearly seen, presenting
three modal peaks. The phenomenon seems to bear on the repossession of the rhy-
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Fig. 14 a Effects of alternation of light and dark upon hatching phases when the
condition is given to various embryonic stages of the eggs (Taihei x Choan)

thmic character in the continucus darkness.

Light effect at the eye spot stage (Figs. Cl, Cd, cl, cd)

In Cl régime (D—L) the modal peaks of hatchability appear with shortened cycle
such as 9~15 hours, which was usually observed when the rhythmic manifestation
was slightly inhibited. Tn cl régime (L12:D12 —L), however, 18-hr rhythmicity
takes place evidently, which is plausibly caused by the after-effect of the artificial
conditioning as to light because the rhythmic sign cannot be recognized in Cl régime.

On the other hand, in Cd (L—+D) and cd (L12:D12-+D) régimes the regular rhyth-
micity of hatching is exposed.

Light effect at the stage just before hatching (Figs. DI, Dd, dl, dd)

In DI régime (D—L) 2 simultanecus hatching cccurs as subjected to light, the
later modal peaks being scarcely detectable. In dl régime (1.12:D12-L) the first
peak of hatchability appears in the highest degree, after 24 hours the second peak,
and after 12 hours the third peak being succeedingly seen. From this fact the proceed-
ing alternation of light (12hr) and dark(12hr), almost same to the diel periodicity,
acts the after-effective factor making the eggs hatch rhythmically even under illumi-

nation, if the alternation is continued for considerable long time. In Dd régime
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(L—D) a large modal peak is presented, delayed about 15 hours after putting in
dark. In dd régime (L12:D12-D), however, the eggs hatch quite regularly with
21-hr cycle. There exists also the after-effective sign of the alternation of light and
dark in this case.

Photoperiodic treatment through em-
bryonic stages (Fig. 14 b)

ol L
w0l j\_/\\ In above two régimes (Dd, dd), the

eggs have suggested a tendency to ex-
pose the rhythmicity of hatching when

20t St
o A'\//\ /\\ kept under darkness from just before

hatching, whatever the light condition

through embryonic stages may be. This
200

ol N\ suggestion has been proved as crucial
' ' . fact by the present experiment. Observ-

30

s ing Fig. 14b, we can hardly detect
iz A‘/—/\ ' the differences in the rhythmic phases of
. /\ . hatching among photoperiodic régimes.

30

a0k Ls
, /\ CONSIDERATION
101

As above mentioned, the rhythmic

Hatchability(%)

" s feature of hatching is much controlled
ol /\ /.\ by continuous illumination, viz. the long-
* S L er the illumination, the more the feat-

. ure becomes faint, but the eggs can
20+ ¢

recover, even though put previously in
10} - )
/\ /\J\ light, the rhythmic character of hatch-

121824612182461218246121824

Time in a day ing when put back in dark. The fact
Pig. 14 b Rhythmic phases of hatching suggests that the eggs have an endoge-
under darkness when photoperiodic nous character to hatch rhythmically,
conditions are given to the eggs be- ) . . .
fore their full-grown stage (Taihei X though checked by long illumination, so
Choan) the character becomes free if the illumi-
Ilumination Darkness Nlumination Darkness . .
L, 15hr : 9hr S; Shr : 15br nation is taken off.
L. 18 : 6 S, 6 ;18 . . .
L 21 . 3 S 3 . 21 When the artificial environment such
S 8 : 8

as alternation of light (12 hr) and dark
(12 hr) is given at each stage of the eggs, there occurs always the after-effective
phencmenon in the hatching phase. Then it can be stated that the proceeding con-
ditioning almost same to the diel periodicity has well been maintained in the eggs,
the hatching of which depends certainly upon the exogenous stimuli. The daily

rhythmicity of hatching seen in the natural condition must be arisen more regularly
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by such a fact.

If the eggs subjected to light or dark at just before hatching, most of all in-
dividuals go to hatch at the same time, making a large modal peak. Especially in
DI régime (D->L), about 90% of eggs hatch immediately after light casting. This
fact indicates that the lightening at the hatching time should be a principal factor
making the eggs hatch as already been pointed out by many researchers. In addi-
tion, that the sensitivity to light stimuli in the eggs becomes much stronger after
the eye spot stage (Taxkeuvcm 1958, Korzumr 1958) may be concerned to the burst of
hatching. Meanwhile, in Dd régime (L->D) the burst of hatching occurs a little later
than in DI régime. To this phenomenon an explanation has been given; that the
absence of light acts as an inhibitory condition to hatching. If it be, however,
considerable disturbance would be arisen in the hatching phase as if the eggs were
put under the continuous illumination. The author, therefore, wants to propose
another opinion that certain endogenous factor inhibited by long illumination be-
comes free from the suppression of light when confined in the darkness, and the eggs
response to the endogenous factor making them hatch, but some duration is re-
quested for recovering the endogenous stimulation.

2.  Effect of Low Temperatures upon the Rhythmicity of Hatching
In the previous section we could know the effect of light upon the rhythmicity
of hatching, which was inhibited by long stimulation while being scon repossessed
under darkness. Then, in this experiment the author researched the effect of several
low temperatures, to which the eggs at various stages were subjected, upon the

rhythmic phase of hatching.
MATERIALS AND METHODS

About 2000~3000 of the hibernated and the hydrochlorized eggs of Taihei x Choan
and Nichi-No. 115 were used for the materials, which were incubated constantly
under darkness or under illumination. Low temperatures were made with Hitachi
Refrigerator, in which the eggs were put at various embryonic stages. Full methods
about the experiments are described in the respective topic.

RESULTS
(i) Effect of chilling at the beginning of incubation upen the rhythmicity of hatching
a. In the case of the hibernated eggs

The eggs grown to the longest embryo were chilled with 5z:1°C, which is
known as the critical low temperatures for the growth of silkworm eggs. After this
treatment they were divided into three groups, each of which was taken out of the
chilling room every 8 hours, being kept under the thermal condition of 25°C with
light or with dark.

Under the dark incubation (Fig. 15) the rhythmicity of hatching with 18-hr
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Fig. 15 Chilliness (5°C) at the beginning 10}
of incubation and the rhythmic
phases of hatching under darkness
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(Taihei X Choan) . e ° .. .
A:removed to 25°C after 5.hr chilling, Fig. 16 Chlll{ness (5°C) at the. beginning of in-
A+8hr:do, after more 8-hr chilling than A, cubation and the hatching phases under

A--16hr:do, more 16-hr chilling. illumination

Expression of each régime is as same as in Fig. 15.

cycle was exposed in every régime. In A régime (removed to 25°C after 5-hr chilling)
two modal peaks appeared as same as in A+8-hr régime (removed to 25°C after
more 8-hr chilling than A), but the highest peak seen firstly in the former, moved
to the second in the latter, in which the third peak is observed. Further, in A-+16-
hr régime (removed to 25°C after more 16-hr chilling than A) the highest peak
became larger than in A and A-+8-hr régimes, a small peak appearing at its both
sides. From these facts it is assumed that each highest peak is gradually delayed
to appear and the modal peak tends to appear at the definite time even if the eggs
experienced 8~16-hr chilling. The same tendency is shown in the next experiment.

The newly hatched larvae from the eggs composing each peak in A+8-hr régime

and A-+16-hr one (see Fig. 15) were reared and the sex ratio was discriminated at
the fourth instar.

Table 4 Sex ratio of the eggs composing each modal peak

Régimes A+8hr (Fig. 15) A+4-16hr (Fig. 15)
1 2
Order of peak 1 2 3 -
fore part middle part hind part {Total;
? 246 358 39 68 214 139 159 (512;

3 221 405 41 53 137 208 248 (593
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40¢ The resuits (Table 4) showed that there

| B
zZ’ is no appreciable relation between sex ratio
10[ and the eggs compesing each peak.

| . . . .

L Under the light incubation (Fig. 16), the

50F
w0l \
hours in Taihei x Choan, being about 8 days 11

405» A hours in Nichi-No. 115. Thus, in this case we

start of hatching was gradually delayed acco-
Be6he mpanying with the time when the eggs were
removed to 25°C; the duration of normal in-

cubation in each régime is about 8 days 18

% 30 | B+12hr

%20? can see the phenomencn that the growth of
EpT the eggs is completely inhibited by the low
T ‘ temperature such as 5°C and that the rhyth-
Q0F micity is always checked by continuous illumi-

S0 prsh nation.
fg b. In the case of the hydrochlorized eggs
The phenomena seen in the hibernated
. eggs were researched also in the hydrochlo-
0y rized eggs shortly after oviposition. The ma-
i()) terial eggs were chilled for 18 hours under 5°
C after hydrochlorization, being divided into

18724 6 12 18 24 6 12 18 94§
Time in a day

Fig. 17 Chilliness (5°C) at the beg-

5 groups. Each group was taken ocut of cold-
ness every 6 hours and incubated under the

inning of incubation and the rhy- thermal condition of 25°C with darkness. The
ic - (hy- . -

thmic phases under dafkl?ess (hy results are denocted in Fig. 17.

drochlorized eggs of Taiher x Choan) L o .

B :removed to 25°C after 18-hr chilling, InB regime (1‘emoved to 25C° after 18-hr

B--6 hr:do, after more 6-hr chilling, s11: .
than B, B4 12 hr : do, more 12-hr chilling chilling) twoe moedal peaks were observed, but

e e ii}ﬁincg}f““ng’ B24 in B4+6 hr régime (removed to 25C° after 24-
hr chilling) they were reduced to only one peak, which stocd at the same position
as that of the second peak in B régime. As chilling duration became longer, the
second peak was gradually formed, at last the foermal similarity to B régime in the
hatching phase occurred in B-+24-hr régime, which experienced more 24-hr chilliness
than B régime.

These facts show that the rhythmic hatching with 18~21-hr cycle is regularly
exposed in every régime and the cyclic peaks tend to appear at the definite positions.
(ii) Effect of chilling at the middle or the last periods of incubation upon the rhyth-

micity of hatching

a. Chilling treatment at each embryocnic stage

When each group of the hibernated eggs reached respectively to the fourth day,
the seventh day (just after blastokinesis) and the ninth day (cne day before hatching)
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Fig.18 9-hr chilliness (5°C) at various
embryonic stages of the eggs and
the rhythmic phases of hatching
under darkness (Taihei x Choan)
A : Control, B : Chilled at 4th day of incu-

bation, C:do, at 7th day, D:do, at 9th
day.

3°~5°C respectively for 7 hours, 14
hours and 21 hours, besides under
0~2°C and —4 ~ —6°C for 14 hours.
The hatching phases are shown in
Fig. 19.

The rhythmicity of hatching
with 18~24-hr cycle was significan-
tly presented almost all régimes. In
addition the author performed an
extraordinary chilliness such as —7
~—9°C for the eggs, but in such a
case no rhythmicity was detectable,
besides percentage of hatchability
fell to 25%.

Speaking on the times when the
modal peaks appeared, in 3~5°C 7-
hr régime (subjected toc 3~5°C for 7
hours) both peaks were manifested
almost the same times as in Control
régime. The result is same enough
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under the thermal condition of 25°C, it
was subjected to the chilliness such as 3°
~5°C for 9 hours. The results obtained are
illustrated in Fig. 18.

In each case two modal peaks of hat-
ching appeared with about 18-hr interval
and the time when each peak is presented
is almost simultaneous.

Thus the rhythmicity of hatching is-
scarecely disturbed but regularly manife-
sted, even though 9-hr chilliness is given
to the eggs at various embryonic stages.

bh. Chilling duration and lower temper-
atures less than 5°C

Each group of the hydrochlorized eggs
aged 8 days from incubation was put under
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Fig.19 Duration and degree of chilliness and
the hatching phase under darkness when
the eggs chilled at 8th day of incubation
(Taihei x Choani
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as in the previous experiment (Section a).

In 3~5°C 14-hr régime (subjected to 3~5°C for 14 hours) the largest peak which
stood at the same position of the second peak in the former régime appeared, being
delayed one cycle.

In 3~5°C 21-hr régime (subjected to 3~5°C for 21 hours) and also in 0~2°C 14-
hr régime (subjected to 0~2°C for 14 hours) the same tendency was indicated.

In —4~—6°C 14-hr régime (subjected to —4~-—6°C for 14 hours), however, the
modal peaks were exhibited, being delayed more one cycle, viz. more two cycles
than Control and 3~5°C 7-hr régimes.

From the above facts it can be recognized that less than 7-hr chilling (3~5°C)
hardly effects on the incident of rhythmic hatching, while longer chillings such as
14 and 21 hours cause one-cycle delay of the modal peaks. Furthermore, such a
low temperature as less than —4°C seems to cause more one-cycle delay of the
hatching rhythm, but in less than —7°C-chilling no rhythmical character is observed
because the vitality of the eggs may be completely checked by such a temperature.

CONSIDERATION

The critical low temperature in the growth of silkworm eggs is known to exist
nearly at 5°C (Muzuno 1926, Sucryama 1960). If so, a corresponding delay must rea-
sonably be brought in the rhythmical phase of hatching when the eggs are put in
the chilliness less than 5°C for considerable long time. Under such a speculation,
the author has been carried out the above experiments. Several régimes, in which
chilliness was given to the eggs at varicus stages, show that each cyclic peak of
hatchability tends toc appear at the definite time without relation to chilling duration.
This fact suggests that the physiclogical rhythm™ in the eggs has probably main-
tained without stopping even though under very low temperatures which may check
the morphclogical growth, viz. the endogenous phythmic factor in the eggs would
be continued unless attacked by the extraordinary low temperatures to stop comp-
letely the egg vitality.

The rhythmic feature of hatching is presumed to be more clearly manifested
by such an essential stability, which is very much controlled by illumination. Then,
underv illumination the rhythmic sign of hatching disappears and the hatching phase
coincided with the growth of the eggs is to be exposed as shown in Fig. 15.

Now, in Fig. 20 the author intends to show the rhythmic manifestation of
modal peaks, occurring at the definite time, which can be used as an indicator of
the rhythmicity of hatching. The chilling treatment at the beginning of incubation
makes the egg growth prolong just for chilling duration, but the positions where
the modal peaks appear are kept at the definite times, as diagrammatically denoted

Mor1 (1948) has proposed an opinion that the original factor to cause the periodic activity
of animals may exist in the physiological condition of each individual.
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Fig. 20 Diagrammatic explanation on the occurrence of cyclic modal
peaks of hatching under darkness when each incubation has a
different start,

in the figure. Taking the chilling treatment at the last period of incubation into
consideration, the rhythmic phases of hatching in Fig. 18 (C) and (D) take quite
resemblance to Control that is nonchilling. Less than 9-hrchilliness, if given to the
period when the larval bodies come to completion, does not give any effect upon
the rhythmic appearance of hatching. Thus, that the rhythmic phase differs accord-
ing to thz chilling tim2 may bz based on the differences of cold resistance or of
thermal sensitivity among the embryonic stages.

Regarding to the relation between sex ratio of the eggs and the time of hatch-
ing, Monzmu (1927) and Morouosar (1949) reported that the female larvae hatched
faster than the male one, Muroca (1941), Nacatom: (1943), Marsuo (1951) and TaxgucH:
(1957) did that the tendency was not always constant according to the races, besides
Sumvizu and Horiucu (1960) stated that in the original race the female hatched faster
than the male. Nevertheless the author’s experiment has proved there is no sexual
difference between the individuals composing each modal peak. Therefore each peak
of hatching with rhythmic interval is obvious not to be compose of the sexual
difference of the eggs.

3. Time of Oviposition and the Rhythmicity of Hatching
In the previous experiments (Section 2) it was suggested that there existed the
definite occurrence of hatching cycles in the same population even though the eggs
had experienced different start of incubation, or longer or shorter chilliness, and the
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physiclogical rhythmicity in the eggs had well been maintained even under about
critical low temperature. In the present experiment the manifestation of rhythmical
hatching with special reference to numbers of the modal peaks was investigated on

each group of the eggs layed by one moth at different times, viz. differing at growth
stage.

MATERIALS AND METHODS

The materials used were Taihei x Choan (F,), the eggs of which were divided
into two groups, namely one group (A) consists of early oviposited eggs (oviposited
from 2 p.m. to 5 p.m., September 30) and another (B) consists of later ones (ovi-
posited from 5 p.m. to next 5 a.m.). The hydrochlorization of the eggs in each
group was performed at 4 p.m. Octcber 1. The treated eggs were incubated under
25°C with darkness and observed the hatching process.

RESULTS

As denoted in Fig. 21, the rhythmicity of hatching was recognizable either in
A régime or in B one; the former’s second modal peak being completely coincided
with the latter’s first peak. Each phase of hatching was formed with 2 modal

peaks, so 3 modal peaks (C) will reasonably be arisen if the eggs of A and B are
incubated being mixed up.

40+
30+ A Growth curve
201
10 \
—~ A A \
s
= 40
= B ng curve,
3 30p
E 20
4 =
10} g
. -
“ A
3 interval
-~
401 g
30} ¢ =
20F
10+
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18 24 6 12 18 24 6 12 18 24
p—QOct. 1 2———+——0ct. 13—
Time in a day 4
Fig. 21 Rhythmic phases of hatching in
the eggs having different oviposited s
time

Fig. 22 Diagrammatic explanation on the
A :oviposited, 2~5 p.m. Sept.30, B: do, 5p.m. : . i
Sept. 30~5 a.m. Oct.1, C: Total appearance of relation between 8t owth Val}dnce of
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CONSIDERATION

In the same population the difference in the egg laying times is assumed to
relate to the occurrence of modal peaks in hatching, viz. the numbers of the modal
peaks being decided by variance of the egg ages. Thus the explanation that the
more the egg ages are varied, the more the modal psaks appear, will be given
diagrammatically in Fig. 22. If the constant dark incubation of the eggs is begun
at the same time, in commen sense hatching phase would be expected to appear as
unimodal curve in accordance with the distribution of the egg ages. However, the
contradictious fact to the Common sense, namely the curve being divided into several
peaks with the rhythmic interval, is considered to be nothing hut verification that
the egg hatching is essentially affected by the rhythmic factor underlying in the
eggs.

The numbers of the mecdal peaks differ sometimes according to the races. In
the present studies, the most consisted of 4 peaks, which was observed in Nichi- No.
124 (Fig. 2).

4. Latent Activity of Hatching and the Rhythmicity of Hatching

In Chapter I we observed the phenomenon that the hatching of the eggs was
generally more delayed in continucus darkness than in continuous illumination,
further in this chapter (Section 1) that a considerable delay in hatching occurred
when the eggs were put in darkness at just hatching period after kept under illumi-
nation during the whole embryonic stages.

These phenomena suggest that there is a latency for hatchability under dark
condition. Then the author studied on the latency relating to the rhythmic appear-
ance of hatching in this section.

MATERIALS AND METHODS

Each group of 1000 eggs in the same population of Taihei x Choan, which were
formally hydrochlorized, was incubated under constant darkness. When the eggs
reached to the larval body completion, each group was exposed to 50 lux lamp light
for 4 hours with every interval of 4 hour. The hatching phases were expressed
with percentage of hatchability. Curve A (Fig. 23) means the percentage of hatched
larvae in one group at every time and Curve B shows the increasing degree of

hatchability, viz. the present percentage minus the previous one.

RESULTS

The aquired results are shown in Fig. 23 and Table 5. The eggs subjected to
the light (Curve A«B) requested about 28 hours for hatching termination and the
hatching phase showed nearly a monomodal curve. However, in the eggs kept under
constant darkness (Curve C), a usual cyclic phase of hatching took place. In the



96

100

o
<

<o
=3

Hatchability(%)

kS
<

201

Shigemitsu Tanaxa

A
7773 Hlumination
EEREE Darkness
£\
B /\C
S
! \
! \
\ AN
P " N
g N v \,

16 20 24 4 8 12

16 20 24 3 6

Time in a day

9 12 15

Fig. 23 Latent activity of hatching of silkworm eggs
A : Increase of hatchability in one group of the eggs at every time when subjected

to 4-hr illumination

B : Increasing degree of hatchability as same as the above A
C : Hatching phase under continuous darkness

No. 29

dark régime the hatching began 14 hours later and ended 19 hours later, than the

light régime.

CONSIDERATION

In this experiment the latent period of hatchability was measured with relation

to the rhythmicity of hatching. From the results obtained it is conspicuous that the

eggs just before hatching have latent activities of hatching,

and can immediately

hatch when subjected to light while not soon hatch when kept under darkness.
Occurrence of hatching under constant darkness must be induced by the endogenous

factor, that is physiological condition which stimulates,

instead of light stimuli,

Table 5 Hatchability of eggs when subjected to 50 lux lamp light

Time of IUTNSHON  No.pesched N0 %, HOLCIEDIY Inreme of
No. 1 May 30. 12~16 26 957 2.6 —
2 16~20 122 896 12,2 9.6
3 20~24 297 912 32.6 20.4
4 May 31. 0~ 4 519 910 57.0 24,4
5 4~ 8 783 1120 77.9 20.9
6 8~12 329 986 84.1 6.2
7 12~16 806 857 94.0 9.9
8 16~20 952 988 96. 2 2.2

Remarks: Beginning of incubation—May 21.

Temperature 25°C R.H. 80%
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the eggs hatch during the latent period of hatchability. In this process some duration
(14~19 hours) is probably requested to recover the regular physiological condition in
the eggs. A delay of hatching appeared when the eggs were put in dark (Section 1,
Chapter III) is also considered to be brought by the same mechanism. According to
Taxanasur (1946) and Komzumi (1961), the photosensitivity of the eggs just before hat-
ching differs considerably among strains of silkworms, so the latent activity of
hatching would be shown with wide variance by using light stimulation, which is
doubtless to be the principal stimulus making the eggs hatch, as already described.

Conclusively it can fairly be stated that the hatching of the eggs occurring
under darkness is induced by the endogencus stimuli which arise rhythmically in
each egg. Of course the stimuli must be the rhythmic change of physiological ac -
tivity in the eggs. If not so, the hatching feature should show a formal similarity
to Curve B without rhythmicity.

Such a problem will be dealt with in the following section (5).

5. Succinic Dehydrogenase Activity through Incubative Duration

As previously indicated, occurrence of hatching under darkness was likely ind-
uced by the endogenous stimuli, which should be the rhythmic change of physiolo-
gical activity in the eggs. In the silkworm eggs Kawase (1954) and Nirrono et al.
(1952), Nisuizawa (1955) and Kawase (1955) studied on the activities of cytochrome-c
oxidase and of dehydrogenase, respectively, and pointed out that the activities had
close relation the growth phase of the eggs, whereas no attention was paid to the
diel change of the activity.

Then, in the present experiment the author measured the enzyme activity by

using succinic dehydrogenase as an indicator.

MATERIALS AND METHODS

In the first experiment the hibernated eggs of Taihei x Choan were used for the
test. The measurement of the activity of succinic dehydrogenase was carried out
every 4 hours from 7th day to 9th day of incubation.

Tn the second experiment the hydrochlorized eggs of Nichi-No. 124X Shi-No.
124 were used. The activity was measured every 6 hours through whole incubative
duration. The incubation of the eggs was done under 25°C and R.H. 80 % with
continuous darkness.

Thunberg tube method was applied for measuring the activity by making use
of 2, 3, 5-triphenyltetrazorium chloride (TTC), 0.6g (0.5g%) of the eggs was homo-
genated and centrifuged together with 7cc (5¢cc™) of Sérensen phosphate buffer (pH
7.4). The supernatant liquid was poured into the main chamber of Thunberg tube.
Then each 2cc of 10 M. TTC and 10 M. scdium succinic acid was taken into the

*# ghowing the case of the second experiment
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side chamber, being mixed up under vacuum, and kept under 35°C for 6 hours (5
hours™). Resulted formazan (TPF) was absorbed with ethyl acetate and its quantity
was determined by AKA Colourimeter (480myg filter was used). Fig. 23 and 24 show
average values which were got by assaying 3 tubes per an experiment in the same

time.

RESULTS
In the hibernated eggs (Fig. 24) the activity of succinic dehydrogenase increases
gradually as the egg growth, becoming very stronger at 8 p.m., 27th and 4 p.m.,

28th. An interval between these two peaks is about 20 hours, coinciding nearly
with regular interval seen in the rhyth-

0 mic phase of hatching.
. In the hydrochlorized eggs (Fig. 25)
E 70 a zigzsg curve appears, but considerable
; higher peaks can be revealed in it, viz.
= @ at 4th, 6~7th, 8th and 9th days in incu-
= 5 . bation, among which the sharpest is
assumed to become the blastokinesis
ﬁJuzn.ozz'Zf : é }fnég 2 2:4 4Ju§.29—~—- stage. In the curve 18~24-hr rhythm
Time in @ doy can be detectable though its sign is very
Fig. 24 Activity of succinic dehydrogenase faint. This will perhaps be caused by

at 7th to 9th days of incubation (hib-
ernated eggs of Taithei x Choan;
(O : Peak of activity

longer interval (6 hours) of the measure-
ment than in the first experiment (4

hours).

70
Z 60
5 50
@
5 40 begin to hatch
o
Z 30F
o about 50% hatched

20+

about 80%hatched
| | | | ! ! ] I !

Qstday 2nd  3rd  4th  5th 6th  Fth  8th  9th  10th-~
\Start of 1ncubatron

Fig, 25 Activity of succinic dehydrogenase during incubation
(hydrochlorized eggs of Nichi-No. 124 x Shi-No. 124)
Ot Peak of activity

CONSIDERATION
We have observed in the present experiment that the activity of succinic dehy-

drogenase increases gradually from the beginning time of incubation, falls down
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temporally at the blastckinesis stage, later increases largely until just before hatching
when it shows the strongest and suddenly decreases from just hatching time. This
tendency is almost agreed with that in some enzyme activities of silkworm eggs
(Nittono et al. 1952, Nismizawa Ociwara 1955, Nisuizawa« Kopayasur 1955, Kawase 1954+
1955). These, however, deal with the activity at a definite time in every day, and
any change of the activity within a day is not evident. According to this experi-
ment, 2 rhythmic sign likely exists in the activity of the dehydrogenase. Being
about 20hr, the cycle interval is supposed to correlate to the endogenocus rhythmi-
city of hetching under darkness.

The activity of succinic dehydrogenase should be an important factor, but not
the only factor, which indicates the physiclogical activity of the eggs. Itis, there-
fore, plausible that the rhythmicity of hatching under darkness is induced by the
endogenous stimuli such as the rhythmic change of the activity of the dehydrogenase.

Considering from the daily rhythmicity in emergence (Kmwura 1952) and moulting
phase (Tanaxka 1956), the physiological rhythmicity seems to continue through whole
life of silkworm.

6. Conclusion

The existence of the endogenous rhythmicity of hatching under continuous
darkness was confirmed in Chapter I and II, then the manifestation of the endo-
genous character has been analyzed from several points of view in the present
chapter.

(1) The rhythmicity of hatching, which is almost perfectly checked by contin-
uous illumination, is repossessed within some duration after the eggs are put in
dark condition. The light stimulation must be the principal factor to control the
hatching. Proceeding treatment with alternation of light and dark acts as an after-
effect upon hatching.

(2) The chilling treatments to the eggs at various stages does not bring any
appreciable effect upon the expression of the endogenous rhythmicity of hatching.
In this case each modal peak in the hatching phases tends to keep the definite
position. This means that the physiological activity in the eggs has certainly been
maintained even under the critical low temperature less than 5°C, in which mor-
phological development of the embryo could not occur. However an extracrdinary
chilliness such as —7°C has completely suppressed the egg vitality.

(3) In the same population the difference of the ovipositing time affects on the
occurrence of the modal peaks of hatchability. The number of the peaks is decided
by variance of the egg ages; the more the egg ages are varied, the more the peaks
appear.

{(4) The eggs just before hatching' have latent activity of hatching which is
stimulated when subjected to light. Occurrence of hatching under continucus dark-

ness seems to be induced, instead of light, by the physiclogical activity in the
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eggs. A delay of hatching under continuous darkness may be caused by some
duration (14~19 hours) requested for recovering of the activity.

{(6) Under continuous darkness a faint rhythmic phase is detectable in the acti-
vity of succinic dehydrogenase through whole incubation duration. Interval between
each rhythmical peak of the activity is approximately 20 hours, which is suppesed
to correlate closely to the cyclic interval in the endogenocus rhythmicity of hatching.

CHAPTER IV EXPERIMENTAL ANALYSIS OF THE EFFECTS OF
ENVIRONMENTAL FACTORS UPON THE EGGS JUST BEFORE HATCHING

It has already been demonstrated in Chapters I te 1II that the rhythmic hatching
of silkworm eggs occurs endogenously under continucus darkness and the rhythmic
phase is largely checked by continuous illumination. The light, however, is certainly
the principal factor making the eggs hatch when cast on the eggs at just hatching
stage, as already seen in many papers and in the present study. Of course, the
regular daily rhythmicity of hatching has been exposed in the natural condition,
but the interval between the endogenocus cycles takes usually about 18~20 hours, a
little less than diel periodicity. Therefore, the endogenous rhythmicity is to be
completely controlled by the diel change of the natural condition.

Then the author took up the light and the thermal actions which seemed to
affect greatly on the hatching and analyzed the effects of these environmental factors

upon hatching, using various kinds of silkworm eggs.

1. Photesensitivity of the Eggs just before Hatching
As mentioned in Section 4, Chapter III, there is the latent activity of hatching
in the eggs, the embryos of which have reached to full growth. In this stage the
eggs can immediately hatch when subjected to light, but considerable differences of
the responsibilities likely exist among the strains. In the present experiment such
differences will mainly be dealt with.
MATERIALS AND METHODS
Each group of 2000 eggs was pasted on a thick paper and incubated under the
constant conditions of light (30 lux), temperature (25°C) and humidity (R. H. 80%).
When the eggs grew to the blue colour stage namely full grown stage, they were
treated by alternation of light and dark as in the followings,

daytime night
e e,
Experiment I light (100 lux), 12 hr——dark, 12 hr;
dark, 12 hr; ———light (100 lux), 12 hr

materials : hydrochlorized eggs of Shuka, Daizo, Choanx Taihei
N ,
Experiment II light (30 lux), 6hr dark, 6 hr
(regardless chronological time)
materiels : hydrochlorized eggs of w,, b.3-moulter, b, ve, Mpysore, Cambodge




No. 29 Studies on the rhythmicity of hatching in silkworm eggs, Bombyx mori L. 101

RESULTS

Experiment 1 (Table 6, Fig. 26}

In the two strains excepting Daizo, the modal peaks of hatching arose almost
simultaneously with illumining presenting the diel rhythmicity. This tendency was
not different between each opposite régime as to light.

B. Choan X Taihei

A, Shuka

Hatchability (%)
]

50F T3 Ilumination

m (1001ux)
B Darkness

30

20

10

v
B - 7 22 Y. ‘_“,./A%m — 22 -
9 1521 3 9 1521 3 9 15621 3

Time in a day

9 ‘ “ 21
Fig. 26 Alternation of light (12 hr) and dark (12 hr) and hatching

phases in normal strains

Table 6 Hatchability in Experiment I

Strains In light In dark

Daytime light A.  Shuka 95.5% 4.5%
: night dark B. Choanx Taihei 98.5 1.5
C. Daizo 72.0 28.0
Daytime dark Al. Shuka 99.0 1.0
: night light B!, Choanx Taihei 100.0 0.0

Rémarks : Light—12hr, Dark—I12hr
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407 1 Illumination(30Iux)
30 EEER Darkness

10

(%)

|

Hatchability

Mysore

Time in a day

Fig. 27 Alternation of light (6 hrj and dark
(6hr; and hatching phases in egg colour
mutants and multivoltine strains

Therefore it is sure that the rhyth-
micity c¢f hatching was strongly contro-
lled by the light. Daizo, however, was
not so sensitive that about 30% of the
eggs hatched under the darkness. Such
an insencibility in Daizo seems to have
some relation to the arhythmic phase of
hatching which was peointed out in
Chapter 1.

Experiment II (Table 7, Fig. 27)

Most of the strains hatched soon
when illuminated. Mysore and re were
rather susceptible to the light stimulus,
showing more than 90% hatchability.

Table 7 Hatchability in Experiment II

Strains Characters In light In dark
wy white egg 85.5% 14.5%
by brown egg 85.5 14.5
b3-moulter » 89.5 10.5
e red egg 92.5 7.5
Mysore  multivoltine 95.0 5.0
Cambodge ” 83.5 16.5

The other strains with exception of
Mysore and ve showed more than 10%
hatchability under absent of light, so
that they are 2ssumed to have compa-
ratively lower photosensitivity.

2. Thermosensitivity of the Eggs just
before Hatching
In this experiment the thermosensi-
tivity of the eggs just before hatching
was studied by using alternative régime
of high temperature and low one.

MATERIALS AND METHODS

The materials were treated with the same method as in the previous experi-

ment. Each group of the eggs was subjected to alternation of high temperature and

low one under light and under dark.
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Experiment I Warm (12 hr) : cool (12 hr) alternation

Materials

Hydrochlorized eggs of Choan x Taihei, Shuka and Daizo
Régimes—— Daytime Night

P ——

P —

Warm (25°C), 12hr : cool (12°C), 12 hr
Cool (12°C), 12 hr : warm (25°C), 12 hr
The above alternation was given to the eggs just before hatching under illumi-

nation (100 lux) and under darkness, and the hatching phase was observed.
Experiment II Warm (6 hr) : cool (6 hr) alternation

Materials Hydrochlorized eggs of w,, 0,3-moulter, b, re, Mysore,
Cambodge and Shi-No. 122
Régimes Daytime Night

Warm (25°C), 6 hr : cool (12°C), 6 hr
The above alternation was given to the eggs just before hatching under illumi-
nation (30 lux).

The hatchability in the high temperature was used as an indicator of thermo-
sensibility of the eggs.

s Warm (25° C)
Cool{12°C)

50 A:. Choan X Taihei

Hatchability (%)

Time in a day

Fig. 28 Alternation of warm (12 hr) and cool (12 hr) under illumination
and hatching phases in normal strains
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RESULTS

Experiment I (Table 8, Fig. 28, 29)
Either under light or under dark, there appeared the rhythmic signs of hatching
being almost left to the mercy of the thermal alternation.

Table 8 Hatchability in Experiment [

Régimes Strains In warm (25°C) In cool (12°C)

Daytime warm ( A, Choanx Taihei 83% 17%

Light : night cool B, Shuka 66 34

100 lux) . -
Daytime cool Ay Choan x Taihei 80 20
: night warm < B, Shuka 66 34
Daytime warm A, Choan X Taihei 94 6
. By Shuka 92

Dark * might cool C Daizo 77 23
Daytime cool ( A, Choanx Taihei 98 2
: night warm B, Shuka 84 16

As, Choanx Taihet

207 Warm (25°C)
10 Cool (12°C)

R

30r

10

O T

30
20
10

_./é/

waéé;m ﬁmm&&imxw

Hatchability (%)

15213 915213 915213 915213 9
Time in a day

Fig. 29 Alternation of warm (12 hr) and cool {12 hr) under darkness and
hatching phases in normal strains
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From the results it is conspicuous that in the normal strains the thermal stimu-
lation is also an important factor to control the hatching phase. '

Now, let us make a detail observation on the two strains, Choan x Taihei and
Shuka, and we can find cut in them the phenomenon that under illumination con-
siderable numbers of individuals hatched when removed to coolness. Such a pheno-
menon means that the very thermal difference (+13°C), even if negative (—13°C),
viz. decrease from warm to cool, stimulates the eggs to hatch. Under darkness,
however, the effect of the negative thermal difference can hardly be detectable and
the hatching occurs only in the positive one (4+13°C) from cold to warm. Notwith-

w0 - Warm(25°C)

Hatchability (%)

i/

T R R T

R s 6 150 6 121324 6 1218 24

Time in a day

Fig. 30 Alternation of warm (6 hr) and cool (6 hr) under darkness
and hatching phases in various strains
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standing, the eggs of Daizo hatch not always in the positive difference, but can
hatch even in the negative one, in which the hatchability shows 23%. The thermo-
sensitivity of Daizo is presumed to be lower than that of the other strains. And
Choan x Taihei seems to have higher sensitivity to the upward shift of temperature
than Shuka.

Experiment II (Table 9, Fig. 30)

It is recognized that w,, b,, Mysore and Shi-No. 122 have stronger sensitivities
tc the positive thermal difference than the other strains; b,3-moulter, 7e and
Cambodge are weaker in the downward shift of temperature, wviz. the negative
thermal difference. Consequently the racial differences exist certainly in the thermo-
sensitivity of the eggs just before hatching.

Table 9 Hatchability in Experiment II

trains In warm (25°C) In cool (12°C)
w, 94.3% 5.7%
b,3-moulter 79.5 20.5
by 97.5 2.5
re 84.5 15.5
Mysore 94.5 5.5
Cambodge 85.5 14.5
Shi-No. 122 94.0 6.0

Remarks : Light condition—30 lux

3. Effect of Combination of Light and Temperature upen the Eggs just before Hatching

In the previous experiments (Section 1, 2), the sensitivities to shift of light and

of temperature were dealt with as to various kinds of eggs. And it has been ascer-

tained that either light or temperature is an essential factor to control the hatching

phase. Further studies are given in this section of environmental conditions, com-
bined light with temperature, affecting the hatching phase.

MATERIALS AND METHODS

Each group of about 2000 eggs were subjected to the undermentioned régimes
from the just before hatching to the end of hatching.
Experiment I (Light and warm : Dark and cool)

Daytime (12 hours) Night (12 hours)

a. Light (100 lux) and warm (25°C; Dark (0 lux) and cool (12°C)
b. Dark (0 lux) and cool (12°C) Light (100 lux) and warm (25°C)
Materials : Choan x Taihei, Shuka and Daizo
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Experiment II (Light and cool : Dark and warm)
Daytime (12 hours) Night (12 hours)

a. Light (10 or 100 lux) and cool (12°C) Dark (0 lux) and warm (25°C)

b. Dark (0 lux) and warm (25°C) Light (10 or 100 lux) and cool (12°C)
Materials : Choanx Taihei, Shuka, w, w.ch, re, bs, b;4-moulter, b, 3-
moulter, Kyokko (3-moulter), Mysore, Cambodge, Daizo, Nichi-No. 1x Daizo
F,, O-No.18, Shi-No. 16

The hatchabilities (%) were measured every 3or Shours.

RESULTS
Experiment I (a, b)
The restlts are shown in Table 10 and Fig. 31.
The rhythmic phase of hatching was presented very regularly under the combi-
nated condition of light and temperature, similar to the diel change of environments.

Ay, Choanx Taihéi [~ Light(1001ux)
30t i Warm(25°C)
Dark
0 4 Cool (12°C)
10

el
S NRRERRNR G oo

Hatchability (%)

Time in a day

Fig. 31 Alternation of light & warm (12 hr) and dark
& cool (12 hr) and hatching phases
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Table 168 Hatchability in Experiment I (a, b}

Régimes Strains In light and warm In dark and cool
Daytime Light and warm A, Choan x Taihei 99.5% 0.5%
B; Shuka 97.0 3.0
Night Dark and cool C Duaizo 85. 0 15.0
Daytime Dark and cool A, Choan x Taihei 100.0 0.0
Night Light and warm < B, Shuka 99.0 1.0

These results have already been expected from the data on single action of light or
temperature. Especially in Daizo the effect of such a condition was very significant;
the strain could hardly be controlled by single action of light or temperature. It
should be an additional effect of light and warm, either of which stimulates the
eggs hatch as previcusly pointed out.

The adversal treatment (Experiment I-b) as to the chronclogical time scarcely
caused appreciable different on the hatching phase though the modal peaks decrease
to three from four.

Expzriment II (2, b)

The eggs of two strains hatched rhythmically with alternation of light and dark
without relation to the thermal shift; in absence of light the hatching hardly oc-
curred even if put in warmness, on the contrary in presence of light it evidently
occurred even if in coolness (Eig. 32).

40 A, Choanx Taihei Light(lgo lux)
? Cool (12°C)

s
E
5
<
5
= gp| Bv Shuke Fig. 32 Alternation of light & cool
Z 7 (12 hr) and dark & warm (12
3 27 . .
10 Z %% % hr} and hatching phases in

normal strains

9 1521 3 9 1521 3 9 15 21 3 9 15 21

Time in a day
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Table 11 Hatchability in Experiment II {two strainsj
Régimes Strains In light and cool In dark and warm

Daytime Light and cool (Al Choan x Taihei

Night Dark and warm

B, Shuka

Daytime Dark and warm ( A, Choan x Taihei

Night Light and cool

40

2+

B, Shuka

100% 0%
88 12

100 0
89 11

Wi

Light (10 1ux)
Cool (12° C)

Dark
Warm{25° C)

bt 3.moulter ,

Kyokko

3-moulter '7 y/
%

%

L — ’
61218246121824612182461218

Tine in a day

40} Mysore /
[/

30+ 7,

20 ///

60F  Si No. 16

12132461218?461262461218
Time in a day

Fig. 33 Alternation of light & cool (12 hr) and dark & warm (12
hr) and hatching phases in egg colour mutants
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It means that the light should be the essential factor to control the hatching

in the normal black egg races.

Further, observing Table 12 and Fig. 33 we can recognize the fact that Mysore,
Kyokko3-moulter), b,3-moulter, b5, and the black egg strains O-No. 18, Shi-No.
16) should very high hatchability more than 90 % in light and cool condition.

Table 12 Hatchability in Experiment II

Varieties In light and cool In dark and warm

W, 57.0% 48.0%
wach 56. 2 43.8
re 55.0 45,0
be 45.2 54,8
b, 4-moulter 92.0 8.0
b' 3-moulter 92.5 7.5
Kyokko (3-moulter; 90. 4 9.6
Mysore 93.5 6.5
Cambod ge 42,7 57.3
Daizo 29.5 70.5
Nichi-No. 1x Daizo F, 30.0 70.0
O-No. 18 93.5 6.5

5 0.5

Shi-No. 16 99.

Daizo and its hybrid, however, showed considerable high hatchability (about
70 %) in dark and warm treatment, and in w,, w.h, re, by, and Cambodge about
a half number of the eggs hatched cither in each condition, light and cool or dark
and warm.

From the above facts it can be stated that the normal black egg races have
stronger sensitivities to light. Such a tendency is also seen in the 3-moulter strain,
by and Mysore (multivoltine). On the other hand, Daizo (sub-multivoltine) has strong-
er thermosensitivity, and the egg colour mutants (white egg, red egg, brown egg
excepting b)) and Cambodge intermediate in the both sensitivities.

4. Consideration and Conclusion
It has already been known in silkworm eggs that the sensitivity to environ-
mental factors differ according to the races (Takeuvcur 1956, Koizumr 1961). But detail-
ed researches have been remained to be resolved.

In the present chapter the sensitivities to light and temperature were funda-
mentally studied by using the eggs just before hatching in various varieties as the
materials, and then effects of combinations of light and temperature upon the hat-
ching phase were analyzed.

(1) When alternation of light and dark is given to the eggs just before hatching,
the occurrence of hatching almost limited at presence of light. Therefore the endo-
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genous character in the rhythmicity of hatching seems tc be rather weaker than
that in activities of other insects®. Nevertheless Daizo (sub-multivoltine) is not per-
fectly contrelled by the light stimulus. Under darkness the hatchability is 28%. So
the strain can be said to be comparatively inresponsible to light, besides the egg
colour mutants such as w;, b, and the multivoitine strains show cimilar tendency.
As these strains scarcely have the regular rhythmicity of hatching, the sensitivity
to light seems to have close relation to the occurrence of the endogenous rhythmicity
of hatching.

{2) When the eggs just before hatching are subjected to alternation of warm
and cool under continuous light or under continucus dark, the significant modal
peaks of hatchiability appear limited at every warmmness. The thermal stimulation,
accordingly, is also a2 controlling factor on the hatching. But it has been recognized
that under illumination considerable number of the eggs go to hatch when moved
to coolness. This fact implies that the thermal difference, either positive or negative,
acts absolutely as a factor to induce the hatching; in general, increasing stimulation
(the positive thermal difference) is more strongly effective than decreasing one (the
negative thermal difference). The eggs of Daizo can hatch not always in the warm-
ness, but can do even in the coolness, so that they seem to be less sensitive to the
positive thermal difference than the normal black eggs. The similar tendency is
also detectable in ,3-moulter and Cambodge. That these strains having weaker
sensitivity to the positive thermal difference show scarcely the endogenous rhythmi-
city of hatching under continuous darkness is assumed to have some relation to
such a character as well as the photosensitivity.

(3) Putting in the combination of light and warm, the eggs of Daizo can hatch
very well. This may be dependent upon an additional effect of light and warm.
When the normal black eggs were subjected to alternation of light & cool and dark
& warm, they would hatch almost limited in the light & cool. This will afford
proof of the fact that the light is the essential factor to induce the hatching. Daizo
and its hybrid tend to hatch when put in the dark & warm. In these strains the
positive thermal difference may act more strongly on hatching rather than the light
stimulus. Considerable number of the eggs of w,, w, ch, re, b, and Cambodge can
hatch in either condition, light & cool or dark & warm. The endogenous character
of hatching seems to be closely related to the photosensitivity of the eggs because
these mutants and Daizo have hardly the regular endogenous rhythmicity of hatching.

By the way the endogenous character of hatching rhythm in silkworm eggs has
supposedly been aquired by their adaptability to the natural environments, viz.
daily periodic change, as proposed by Morr (1948). In case, weaker sensitivity to the
environmental factors is considered to be connected with the reason why Daizo and

*11~13), 42), 47), 48), 59), 62), 64), 65)
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the other mutants have hardly exposed the endogencus rhythmicity of hatching under
continucus darkness.

Furthermore it is quite obvious that there exist the racial differences in the
respongibility to the environmental factors or in the appearances of the endogenous
rhythmicity of hatching, and it is plausible that the differences are closely related
especially with qualitative and quantitative differences in the serosal pigments of
silkworm eggs.

The problem has been left in the future investigation.

CHAPTER V DISCUSSION ON THE OCCURRENCE
OF THE RHYTHMICITY OF HATCHING IN SILKWORM EGGS

Congiderable numbers of studies have already been reported on the endogenous
activities of Arthropods; for example on the diel rhythmicity of the retinal pigments
in Arthropod eyes (Concpon 1907, Demorr 1911, Wersn 1930-51, Bennir 1932, Benwr &
Merricxk 1932, Nacano 1943, 1950, Wess & Brown 1953, Kovama 1955, Yacr et al. 1956)
and on those of the behavior in insects (Gunn 1940, Meriansy 1940, Suvcivama & Ma-
Tsumoto 1955). Most of them, however, are treated on the rhythmicity which occurs
repeatedly in the same individual for a long time. As previously described, the
rhythmic character of hatching seen in silkworm eggs appears surely as mass and
could not be repeated in an individual. The rhythmic manifestation of the imaginal
emergence in silkworm (Kmvura 1952) will belong to such 2 rhythmicity, which was
observed in several moths of the other Lepidoptera (Picter 1918, Scorr 1936, Moriarty
1959). The rhythmicity is assumed to have endogenous character because it hap-
pened under the constant condition with darkness. Then the differences in the rhyth-
mic phases between the eggs of normal race and of egg colour mutant, between
the hibernated and the hydrochlorized eggs, between less and more moultine eggs,
and lower and higher voltine eggs, etc. were examined. Consequently it has become
clear that there is, more or less, racial differences in the rhythmicity. Especially
the fact is noteworthy that even in the same strain the rhythmic appearance differs
always between the hibernated eggs and the hydrochlorized eggs; the latter seems
to have stronger character of the endegenous rhythmicity than the former. The
cause depends supposedly upon the differences between the physiological activities in
both the eggs.

Based on the above facts, the author measured changes of the succinic dehy-
drogenase activity through embryonic stages under the constant condition. And it
was ascertained that the rhythmic sign of hatching occurred almost coincided with
that of the enzyme activity.

Now, speaking on expression of the rhythmicity, we can recognize the exis-
tence of some latent period in hatchability when the embryos have finished their

growth.
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Namely, within this period the eggs are provided with the internal condition to
cause hatching whenever subjected to some stimulus. Accordingly, under constant
darkness the eggs can be hatched probably by the physiological rhythm persisted
in themselves, unless any other stimuli are given. Each interval between rhythmical
cycles is usually about 18 hours. According to F. Tanaka (1951, 1956) it is said that
a similar rhythmicity to the hatching’s is detectable in the manifestation of larval
moulting, additionally 18-hr rhythmicity is endogenously exposed in the imaginal
emergence (Kmura 1952). 1t is, therefore, plausible that the endogenous rhythmicity
would be kept throughout whole stages in silkworms.

Further we can take up the colouration of the eggs as a factor relating closely
to the rhythmicity of hatching. The colouration of silkworm eggs is mainly decided
by quantity or quality of trypthophan pigments of the serosa. In fact colourless or
slightly coloured eggs were insensible to light, besides hardly exposed the rhyth-
mic phase of hatching, as previously described. As the serosal pigments are eaten
by the full-grown embryo and the egg colour changes to blue, the serosal pigments
are to relate to the rhythmic character till just before hatching, and after this time
tryptophan origin pigments such as the retinal pigments, the nervous pigments and
the hypodermal pigments would act as the receptor of environmental factors. As
aforementioned, the light is truly the essential factor making the eggs hatch at the
latent period of hatchability inhibiting almost completely the endegenous rhythmicity
of hatching. On the other hand the temperature is also surely a controlling factor
for hatching under darkness though in this case the positve thermal difference acts
as stimulation.

Therefore it can be stated that the occurrence of the rhythmicity in silkworm
eggs is not caused perfectly by endogenous stimulation but caused considerably
exogenous one. Such a case has also been reported on the other insects (Gunw 1940,
MeLLaney 1940, Matsumoro » Sucryama 1955).

It has been considered that the endogenous rhythmicity of activity would be the
character aquired by continuous adaptation to change of the natural environments.
The consideration is well coincided with arhythmicity seen in several strains of
silkworms, because they are insensitive to environmental factors, so to speak,
weaker in the adaptability to the factors than the normal strains.

Additionally the author must mention on the strains of multiveltine and three-
moultine, the hatching phases of which are not so rhythmical. Then the question
why these black egg strains could not display the same regular rhythmicity of
hatching as in the other normal strains of black eggs, will be proposed here. For
the reason the author wants to support such a presumption that growth pace is
abnormally fast in these strains, so that the regular rhythmicity could not be mani-
fested.

In the eggs of Genus Bombyx the interval between the modal peaks of hatching is
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generally about 18 hours and not 24 hours as in the other insects. This shortened type
of the daily rhythmicity must be a special character which has hereditarily been
maintained in Bombyx eggs.

Now the occurrence of the diel periodicity of hatching in the natural condition
will diagrammatically be explained in Fig. 34.

SUMMARY

The hatching phase of silkworm eggs with special concern to the rhythmic

character were investigated by the following experiments.

i) The eggs of various races were incubated under the constant conditions for
detection of racial differences among rhythmic phases of hatching.

ii) Effects of different temperatures, relative humidities and lights upon manife-
station of the rhythmicity were studied.

iii) The expression of the rhythmicity was analyzed by chilling and by alternative
treatment of light and dark for the eggs at various embryonic stages.

iv) Various conditions such as light, dark, warm and cool were given, singly or
combined with each other, to the eggs just before hatching, and the exogenous
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character in the rhythmicity was investigated.
The results obtained are summarized as in the followings.

I. RACIAL DIFFERENCE AND RHYTHMICITY OF HATCHING

(1) In black coloured eggs of normal strains the rhythmicity of hatching is
exposed under the constant condition with darkness. The rhythmicity, therefore,
can be said to be endogenous in absence of light. There is, more or less, racial
differences in the manifestation of the rhythmicity.

(2) Generally long illumination causes promotion of the egg growth, while
inhibits the occurrence of the rhythmicity ; the more the light intensity is streng-
thened, the more the rhythmicity becomes faint.

(8) The rhythmicity of hatching is indistinguishable in Kyokko (3-moulter),
Daizo(sub-multivoltine), O-No. 19 (European race), b, (brown egg), w, (white egg), re
(red egg) and Mysore (multivoltine). It is indicated that the rhythmicity has close rela-
tion to egg colour which is decided quantity or quality of the serosal pigments, molti-
nism and voltinism.

(4) Each interval between modal peaks of hatching is about 18 hours, differing
according to the strains.

(5) The eggs of Bombyx mandarina considered as an ancient species of B. mori
has also 18-hr rhythmicity of hatching.

II. ENVIRONMENTAL FACTOR AND RHYTHMICITY OF HATCHING

(1) Under continous darkness the rhythmicity with 18-hr interval is presented
either in 18°C constancy or in 25°C one, but the interval is rather shortened under
30°C. Further the rhythmicity is disturbed and becomes obscure.

(2) The regular rhythmicity is observed either under high humidity or under
low one, being more or less disturbed under extraordinary low temperature.

(38) The inhibitory action to the occurrence of the rhythmicity is stronger in
the fluorescent light than in the incandescent light.

III. EXPERIMENTAL ANALYSIS ON THE ENDOGENOUS RHYTHMICITY IN HATCHING

(1) The inhibitory action of light to the occurrence of the rhythmicity is pro-
portional to duration of illumination. But they can repossess the rhythmicity before
long when put in darkness. Therefore the rhythmicity is not completely ruined but
is only suppressed, by light. When the eggs were subjected to artificial alternation
of light (12 hr) and dark (12 hr) for considerable long time, the rhythmic sign
appears in the hatching phase even if the eggs are removed to illumination; the
longer the conditioning is, the clearer the rhythmicity displays. This phenomenon
is assumed to be arisen by an after-effect of the conditioned environment. The
photoperiodical treatments hardly give influences upon the rhythmic appearance of
hatching, which persists about 18-hr cycle.

(2) Each modal peak of hatchability occurs almost at the definite time even
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though the eggs kept under warmness (25°C) after experienced chilliness (about 5°C)
for 6~24 hours, and the effect of the chilliness is hardly recognizable. The fact
suggests that the rhythmicity of hatching is largely controlled by the physiological
activity in the eggs, which has been maintained with considerable stability even
under the very low temperature near to the critical low temperature of growth of
the eggs.

(3) In the same population the manifestation of modal peaks of hatchability
takes always a similar formality with about 18-hr cycle even in the eggs differing
in oviposited time.

(4) Number of modal peaks of hatchability is related to variance of the embry-
onic growth; the more the growth varies, the more the number increases. This
must be caused by the rhythmic character, which divides the hatchability into
18-hr interval.

(5) Under darkness the full-grown embryos are provided with the latent activity
of hatching, by which the eggs can hatch when put in some stimuli. The rhythmic
sign of hatching appears under such a background as this latent period.

(6) The activity of succinic dehydrogenase was measured to know the physi-
ological activity in the eggs. Consequently the rhythmic change with about 18-hr
cycle was detected in it. The rhythmicity in the activity is plausible to be con-
nected with the occurrence of the rhythmicity in hatching. Therefore the eggs at
the latent period of hatchability can probably hatch without light stimulus by the
endogenous stimulus such as the change of the enzyme activity in themselves.

IV. EXPERIMENTAL ANALYSIS OF THE EFFECTS OF ENVIRONMENTAL FACTORS UPON

THE EGGS JUST BEFORE HATCHING.

(1) When alternation of light and dark is given to various eggs at just before
hatching, black eggs of normal strain hatch only in light without racial differences.
On the other hand, Daizo, w,, b, and Cambodge hatch not only in light but also in
dark. Then, either difference of light intensity, positive or negative, seems to be
a stimulation to cause hatching. These strains can be said to have comparatively
weaker sensitivity to the positive difference of light intensity.

(2) When various eggs are subjected to alternation of warm and cool, black
eggs of normal strains hatch almost only in warm, while Daizo, b, (3-moulter), re
and Cambodge hatch not only in warm, but also in cool. This hatching seen in cool
is exposed under illumination, but not under darkness. This implies that either
thermal difference, positive or negative, is a stimulation to cause hatching. These
strains can be said to have rather weaker sensitivity to the positive difference of
temperature.

(3) If alternation of light & warm and dark & cool is given to various eggs,
the rhythmic phase of hatching comes out even in the eggs of Daizo, which has
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stability in arhythmicity. This will depend upon the additional effect .of environ-
mental factors.

(4) If alternation of light & cool and warm & dark is given to various eggs,
black eggs of normal strains hatch only in'light & cool, indicating that the light is
the essential factors to cause hatching. On the contrary, the éggs of Daizo and its
hybrid hatch rather more in warm & dark than in light & cool. From the fact it
has become clear that these eggs have different characteristics from normal eggs
in the photo-and thermo-sensitivities. The eggs of w,, wyh, re, b, and Cambodge
hatch samely in either condition.

(5) As abovementioned, the photo;and thermo-sensitivities are different accor-
ding to the strains in silkworm eggs. Black eggs of normal strains which have
distinct rhythmicity of hatching are sensitive to both the positive differences of
light intensity and of temperature, while the eggs of Daizo and egg colour mutants
which hardly have rhythmicity of hatching are not so sensitive to both the stimuli.

As the rhythmicity of hatching has been considered to be a character aquired
by adaptability to diel change of environmental conditions, the differences in the
rhythmicity of hatching in silkworm eggs may be caused mainly by the differences
in triptophan pigments of the eggs closely relating with the adaptability to environ-
mental factor. However, that the eggs of multivoltine and 3-moultine strains
have faint rhythmicity of hatching is probably due to another reason that their
growth pace is abnormally faster than the other strains.

(6) The rhythmicity of hatching in silkworm eggs is not only dependent upon
the endogenous character, but also upon the exogenous one. An 18-hr rhythmicity
is presumed to be a hereditary character aquired in the eggs of Bombyx mori and
B. mandarina.
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