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INTRODUCTION

Studies of the cffects of light and temperature on organisms
have beecp receiving considerable attention for over a century, but
after the discovery of various instruments by which light and tem-
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perature can be regulated they have made very rapid progress.
Among the literature, some relations of metabolism or growth of
organisms #o light and temperature have been announced, but very
little knowledge on the qualitative change of a certain character as
influenced by the two agents.

This paper follows the influence of light and temperature upon
certain characters of the sitkworm, Bembyvx mori, such as egg color,
hibernation and larval molts. The diiferent stages in the life-cycle
of the silkworm differently respond to light and temperature, with
results that the eggs of the same batch are colored either dark
or light, and those either hibernating or unhibernating, and the
larvae molt either three or four times. Further, new hypotheses
on hibernation of the silkworm eggs and on the molting of larvae
is discussed in this connection.

This work was carried on at the Nagano-ken Sericultural Ex-
periment Station. I wish to express my thanks for the laboratory
facilities provided by Mr. Z. Mizui, Director of the Nagano-ken
Sericultural Experiment Station. 1 am most deeply indebted to
Prof. Y. TANAKA for his stimulating guidance throughout the course
of the work and for locking through the manuscript. Thanks are
also due to Dr. H. Tro. Professor of the Imperial Tokyo Sericultural
College, for encouragoment and constructive criticism concerning
Part 1I, and to Dr. K. WATANABE, expert of the Imperial Sericul-
tural Experiment Station, for valuable advices given by him regarding
the investigation of Part L '

PART 1
INFLUENCE ON HIBERNATION AND EGG COLOR
Historical Review

Although the problem of voltinism of insects has been discussed
by many authors, the rcsults obtained by them are considerably
divergent. Some more important literature may be cited below.

Tower ('06) made an interesting observation on hibernation of
certain beetles. When they were kept in a cage where temperature
was high and moisture low, they hibernated through a year and a
half, but emerged whenever the moisture content of the soil in-
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creased. The phenomenon of dormancy of the same species was
also studied by BaUMBERGER ('17) and BREITENBECHER (‘18). The
latter showed that desiccation caused the beetles to*pass into a
state of induced dormancy. Shelford ('27) attributed the cause of
hibernation of this species to some action of enzymes. The pro
blem of wvoltinism with the corn borer discussed by CRAWFORD
(‘22) and BARBER (’25). BaBcock (‘27) found that moisture was
the mwost important factor in this connection and concluded
that there is a progressive adaptation, or acclimatization, to new
conditions when the animal invades wew areas. HaMLiN (‘23) re-
ported that the pyralid moth brought about the development of threc

anntal opnaratinne inctaad Af fuwn ac nz11al 1nder adantive condi-
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tions. The problem of hibernation of house and stable flies was
quoted by Roupaxp (‘22) in connection with that of voltinism.
The same problem was dwelt on by PICARD (‘27). ROUBAND ex-
plained the dormancy in the varlous insects worked with as due
to an auto-intoxication caused by the uric excretion in the adipose
tissue, RoBINSON ('28} brought the physiological aspects of the
problem of hibernation to light by means of surgical treatment of
insects. He pointed out that a change of the water content of the
tissues following injury induced a modification of the colloidal state
of the protoplasm. Recently DawsoN ("31) discovered the pheno-

menon. in the hnfvhhﬂmnc moth. that the n]’nrmn]ntﬂna] ctate vnc-nﬂhng
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in pupal dormancy could rapidly be induced during the last larval
stage by lowering temperature.

In all of the studies so far enumerated, temperature and
humidity were shown to the efficient agents to modify the type
of voltinism, and little has been known of the effects of other en-
vironmental conditions in inducing hibernation.

In regard to the problem of wvoltimsm of the silkworm, there
exists a great amount of literature. Some of them may be worthy
of note. Tovama (‘06) observed the phenomenon of maternal in-
heritance by means of crossing univoltine and bivoltine races;
later McCrRACKEN ('09), CastieE (“10), Tovama ('13), Dk {'15),
CLEGHORN (’18), Upa (’23), TaNAKA (‘24), WATANABE ("24) and
UMEYA ('26) took part in the same genetical research. WATANABE
proved that both the univoltine and bivoltine were dominant over
the tetravoltine, and that of all environmental conditions by which
hibernation could be induced, temperature was so effective that in
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bivoltine and tetravoltine races hibernation resulted without excep-
tion when the eggs of preceding generation were kept at a high
temperature of 25°C. Further he ascertained thal only when the
egps were incubated in a low temperature, e.g., 20°C., temperature
during either the larval or pupal life influences the percentage of
hibernating cggs in the next generation. The sericulturist, how-
ever, knows by experience that even when subjected to a high
temperature of 26°C. during the incubation period, eggs of bivoltine
and tetravoltine races do not necessarily give hibernating eggs
only.

Moisture and nutrition have been said also to be influential on
voltinism by HaraDA ('21), Mizuno ('25) and UMEYA ('28). Ac-
cording to them, a drv condition during egg incubation and inani-
tion or feeding the larvae of mulberry leaves of the inferior quality
give rise to less numbers of hibernating eggs than when the eggs
were incubated under a moist condition, and fed with an ample
amount of good leaves. This conclusion has, however, not yet
been established.

Very little knowledge has been published on the variation of
egg color. WaranaBe (21) found, in the silkworm, the fact that
pigment granules in the serosa spread or assemble according to
temperature. In this case, the quantity of pigment does not appear
to be changed.

Since 1927, 1 have been studying the effects of light upon
hibernation and egg color, and have ascertained that light modifies
the type of voltinism, accompanying the alteration of egg color. [
have, therefore, pursued the effects of light in combination with
temperature on voltinism and egg color in different races during
the larval, pupal as well as embryonic periods of the silkworm.

WATANARE set forth a hypothesis that hibernation depends upon
the amount of an “ inhibitory substance” in the cytoplasm of the
egg cell or body fluid. By means of ovarian transplantation and
blood transfusion between different races, UMEYA also came to
conclude that the deposition of a “ voltinism-determiner,” particular
enzyme in the body fluid, predisposes to hibernation. These two
investigators’ explanations seem to me not more than a postulation
of the same substance, no matter what designation may be used.

There are two kinds of silkworm eggs, the ““ dark-colored ” and

the “light-colored.” The batch of eggs laid by a single moth is
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usually uniform in color. It has been admitted that all dark-colored
eggs, which produce dark violet pigment within the serosa several
days after laying are hibernating and light-colored cggs having
little or no pigment in the serosa do not hibernate. 1 have, how-
ever, discovered that dark-colored eggs are not necessarily hiber-
nating, and a proportion of light-colored eggs may, in certain
circumstances, be capable of hibernation. TFrom this fact, T would
postulate two substances concerning hibernation in the silkworm
eges, the one determines hibernation in addition to the coloring of
the serosa, while the other determines hibernation, having a little
connection with the small variation of egg color.

Materials and Methods

Three groups of races, univoltine, bivoltine and tetravoltine, were
used in my experiments. Among them, bivoltine races, in particular,
were used in the experiments which related to the effect of light only,
because they are not only so vigorous that they could be reared
without failure from spring till fall, but that they are, as ascer-
tained experimentally by WATANABE, very susceptible to environ-
mental conditions so far as their voltinic character is concerned.
Among biveltine races 1 preferred two races, Showa, a Chinese,
and Shohaku, a Japanese hivoltine, which were both bred and
named at the Nagano-ken Sericultural Experiment Station.

With the aim of pursuing the effects of light and temperature
in combination, Japanese races such as bivoltine Shohaku, tetra-
voltine Tsunomeatae and univoltine Japanese No. 1, were used. In
a few cases Qkusz and Nisshin, Japanese bivoltine races, and Furo-
pean No. 9, univoltinz race, were used.

Eggs of bivoltine and tetravoltine races were refrigerated at
2.5°C. from winter till the beginning of incubation, and the univoltine
eggs at 0°C. In most cases, ] used dark-colored eggs hatched out
artificially by immersing them in hot dilute hydrochrolic acid, a
method now commonly practised by silkworm-egg raisers. Hiber-
nated eggs and artificially hatched ones gave practically the same
results so far as my experiments are concerned. The eggs of
each batch were divided into a number of approximately equal
parts in order to avoid the dissimilarity of batches. Counts of the
moths laying dark-colored or light-colored eggs were made after
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fifteen days or so when the coloring of the serosa had become
obvious. Countings of hibernating eggs out of the light-colored
and those of non-hibernating eggs out of the dark-colored, were
done in eggs preserved under natural conditions till the winter,

Of many environmental factors more attention was paid to
light and temperature. The light source used was Mazda lamps of
20 or 40 watt. The intensity was measured at times by a Macbeth
illuminometer or by a foot-candle meter approximately, and kept
at 0.5 F.C. or so during the cxperiments. Lest the intensity may
vary, the voltage and current were kept as constant as possible, by
means of a regulator devised by myself, and the bulbs were changed
frequently. To prevent ascending of temperature, the bulb was
immersed in cold water, or was screencd by a heat-absorbing glass
plate 4.5 mm. thick. The light incubation was made in boxes, the
top of which covered by a transparent glass plate. The dark
mcubation was done in boxes of the same size, the upper glass
of which was shaded by charcoal paper. For the light rearing, a
tray, 1.0 m. long, 0.7 m. wide and 0.2 m. deep, the top of which
was made by a transparent glass plate, was used. In the dark rear-
ing, a glass plate of a tray was covered with charcoal paper. On
two sides of the tray, there were two small holes for ventilation,
In cases of the dark rcaring, feeding etc. was operated several
times a day in the dark room under a red lamp. The results
ohtained by this way showed no difference with the cases where
all operations were carried out in a dark room. DPupae were cared
for in boxes of 0.7 m. in length, 0.5 m. in width, and 0.7 m. in
height, the four sides and top of which were made of transparent
glass plates. To make dark, the glass plates were painted black.

The temperature was controlled by means of special incubators,
ordinary rearing rooms, or rooms with regulated environmental
conditions such as temperature, moisture, light, ventilation and o
forth after Carrier’s system. The temperature read on the record-
ing instruments did not vary more than 0.5°C. from the desired
temperature in any case.

It was rather difficult to keep an even moisture through the
dry spring and the wet summer. Humidity was, however, kept
between 70 and 85 per cent in the incubator or the rearing room.
Within the limits, moisture seems to have little effect on voltinism
and egg color. In the Carrier’s rooms the humidity of 75 per cent
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was exactly maintained during the experiments. Of course care
was taken, to feed larvae with approximately equal amount of
mulberry leaves of the same quality for the same experimental lots.

Experimental Results
I. Production of Dark- and Light-colored Eggs
1. Stages to be influenced by Light and Temperature

Although WATANABE took the dark-colored for hibernating
eges, and the light-colored for non-hibernating ones, he showed
that every baich of eggs laid by moths of bhiveltine and tetravoltine
races was completely dark-colored hy the application of a high
temperature of 25°C. during the incubation period, while they be-
came light-colored under temperatures lower than 15°C., and that
the coloring of eggs was also influenced by a low (20°C.) or a high
(30°C.) temperature during the larval and pupal pericds, when eggs
were incubated at an intermediate temperature of 20°C.

Failure was sometimes met with on this procedure, no matter
how satisfactorily moisture might be controlled during the incuba-
tion period. This was possiblc due to the effect of light which

roaa nt b af cancidorating hic avnorimantc T intondad ta
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work out the problem how and when light only as well as light
and temperature combined affect the coloring of eggs in the life-
cycle of the silkworm.

A, Incubation Period

At first, in purpose to examine the effect of light only during
the incubation period, eggs of fifteen batches of Showea race were
taken out from the refrigerator and each of these batches was
divided into eleven lots. They were immediately put into a dark
incubator of a constant temperature of 19°C. On the second day
the first lot was brought to the light, and thereafter one lot after
another was brought to the light at 8 am. every other day or
every day. The last was drawn out on the sixteenth day, when
most of the eggs had hatched out. Whenever each was drawn
out, a numher of eggs were fixed and preserved for observation
of embryvos. The results obtained from the eleven lots are shown
in Table 1.
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Table 1

Results of the experiment in which each lot was removed
from the dark to the light

Number of moths Percent. of ‘

" Date on

which lots ——{ imioths laying : State of development c})lf the
were T i1s Sekvn = embryo at the time when it
Eitualit dar k-a’;lored iaght-cc:lf)reci dark-colored | was brought fo the Jight
the light eges eges | €EgS ;
2nd i 45 1 97.83 . Thoracic legs appeared.
i : 1
4th j 71 1 98.61 : The embryo began to con-
i tract,
£th 59 4 93.65 The blastokinesis of the em-
‘ bryo setting in.
8th | 78 3 96.30 ¢+ The embryo in the course of
i blastokinesis.
10th €5 1 98.43 The blastokinesis completed.
11th 45 8 84.91 i The tracheae differentiated,
the mouth parts began to
be colored.
12th ! 52 13 80.00 The head colored, setae ap-
peared,
13th 51 28 £4.56 The embryo nearly full deve-
) loped, integument colored.
14th 32 ! 33 49.23 The coloring denser, ocelli
: visible.
15th €5 47 58.04 About one-half of eggs hat-
: ched out.
1€th 61 40 i 6040 Most of eggs hatched out.
!

As is seen above, the lots brought to the light in the earlier
days, or before the blastokinesis of the embryo, produced higher
percentages of moths laying dark-colored eggs.

An experiment was carried out, after the reverse manner, i.e.,
a set of nine Jots brought to the light on the fourth day of incuba-
tion were put into the dark at 8 a.m. every day, one by one. The
temperature was kept at 25°C. up to the fourth day of incubation,
and thereafter it was kept at 19°C.

Table 2 shows that the more moths laying dark-colored eggs
were produced, the later the eggs were removed from the light
into the dark.

From above tables we learn that the effect of light upon egg
color could be recognized at any time after the completion of
blastokinesis of the embryo which takes place at about seventh
day of incubation, as ascertained by WATANABE for temperature.



10 Makita KoGURRE

Table 2

Results of the experiment in which each iot was renioved
from the light to the dark

“Daten | Y I
which lots ! Numl)er of moths ,,_‘ nl:c?tr}gst?fﬂor{;z State of development of the
s i 1 & L . : i 3
e IIJUf | dark-colored light-colored; dark-colored embr_yc? at the time \ihen 1
méo tk he ! cos S i b was put into the dark
ar =
Ath : 35 66 31.65 © The embryo in the course of
: blastokinesis.
Ath 47 47 50.00 l The blastokinesis finished
. : completely.
fth ! o } P 33.491 The mouth parts colored.
| ;
7th i 49 | 27 €4.17 The tracheae differentiated.
&th : 89 8 | 91.75 The head colored.
| i
Oth 76 3 ; 98.20 The integument colored.
10th 1 87 0 ! 100.00 The embrvo advanced to the
| : i stale about to hatch.
1lth ; €9 . 3 : 95.83 | Most of eges hatched out.
12th 8l 1 ! 98.82 . All the eggs hatched out.

The next experiments were made in order to find the period of
embryonic development to be affected by light at different tem-
peratures. Twenty hibernated egg batches of the race Showa were
divided into two groups. Each group was again divided into nine
lots. When the embryo reached the stage of the blastokinesis,
they were put in darkness, being brought to the light one after
another cvery day and exposed to light for three days in one
group, and five days in the other group, and then they were put
in darkness again until the end of the embryonic life. Seven lots
out of nine in each group were freated as above, the remaining
two being the controls, ie., continuous light and continuous dark-
ness, Temperature was kept at 20°C. constantly during the in-
cubation period.

At 20°, five days were enough to let moths lay dark-colored
cges, whilst three days were somewhat insufficient thereof The
fact that the most effecfive stage was found between the sixth
and tenth days, when tracheae, blood and other organs are dif-
ferentiated, may have, as will be discussed later, a significance
from the physiological standpoint.
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Table 3

Effects of the duration of light to which the embryo was
exposed at a temperature of 20°C.

) - |
Number of moths i Percent. of
- T i moths laying
dark-colored | light-colored . dark-colored

Number of
davs in the

Date on which lots
were brought to
the light light

eggs i esys : eggs
5th 3 91 I 4 95.92
6th 3 82 8 . 9111
7th 3 7 6 o2
8th 3 59 4 : 85.12
oth : R 1 7 938
10th, 3 i 87 b | G4 57
1ith ' 3 % 10 905
continuots light 14 9 0 100.0¢
continuous darkness 0 51 34 61.36
5th , 5 120 J 1L 917
€th : 5 | 151 ! 0 | 100.00
7th 5 | 1,2 o | 10000
8th 5 136 0 100.00
9th 5 . 127 i 4 93.95
100 ; ! | 1y 2 ese
11th i 3 L 102 ] 21 8
: (
continuous light 11 114 ) 0 l 100.00
continuous darkness ‘ 0 67 1 £0 T 52.76
|

Another experiment was performed with twelve batches of
Shohaki at a low temperature of 15°C. The treatment was
carried out reversely to the foregoing experiment. The results
follows :—
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Table 4

Effects of the varving number of days in which the embryo
was kept in the dark at a temperature of 15°C.

Date op which lots Number of NUH}E?._Of moths nf :ftrigseﬁy?rfg
WEIL %u;r}élto the day(slalﬁ(tne dark-colored | light-colored | dark-colored
eggs | egys [Sf1d]
7th 10 23 ) 42 35.38
10th 10 10 : a1 16.39
13th 10 12 ‘ 59 1690
16th 9 27 39 ' 1051
continuous light 0 | 61 ; 34 €4.21
continuous darkness 26 0 ! 54 0
iz s _mewesl s s l " E—
7th 15 | 10 I 79 | 124
10th 15 | 1 5 80 | 123
13th 13 2 93 2.04
1€th 9 | 21 ‘ (8 ! 23.€0
continuous light 0 i 71 i 40 s £3.95
continuous darkness 26 J 0 i 92 0

As shown in Table 4, less numbers of moths laying dark-
colored eggs were recognized in the lots which were put into
darkness on the tenth and thirteenth days. The lots placed for
ten days in the dark gave more moths laying dark-colored eggs
as compared with continuous darkness, but those of fifteen days
stucceeded in producing as many moths laying light -colored eggs.

In 1928, eggs of Shohaky and Tsunomaic were divided into
eight parts which were put into constant temperatures at 28°, 24°,
20° and 15°C., respectively, at which one of the two parts was kept
in continuous light, the other in continuous darkness. In the next
vear, cggs of Shohakw and Showa were divided into six parts,
every two of which were kept at 25°, 20°, and 15°C. TFour parts
of eggs of fapanese No. 1 were taken, two being kept at 20°, two
at 15°C., and at a given temperature one part of the two was kept
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in the light, the other in the dark. The results are shown in

Table 5.

Table

~
J

Effects of light and temperature combined during the
incubation period upon the production of moths

laying dark-colored eggs

Conditions of

Number of moths |

Percent. of

. incubation T : -
Yed.r and Races mme me——— | dark- | light- tgo:}lgscéilg;:g
Seasn temp. light colored | colored = oy
in C. condition eggs | eggs 88
o8 light 232 0 100.00
dark 278 2 99.29
i lignt | 250 0 100.00
1928 dark | 239 21 91,92
Sprin Shohaku ] |
PERE 20 light | 134 4 97.10
dark 52 121 30.06
15 light | 162 67 €941
dark 0 194 0
25 light 67 0 100.00
@ dark 44 12 78.57
1929 ; light 82 4 9535
Spring Shohalku =0 dark 108 48 £0.23
5 light 118 45 71.95
. dark 1 85 1.16
o5 ¢ light 39 0 100.00
e : dark 34 5 B7.18
1529 , light 43 4 9149
Spring Shewa 20 I dark 41 20 G7.21
I
15 i light 34 17 66.67
71 dark 0 52 0
4 hght | 257 0 100.00
2 dark | 285 4 98.62
1929 . ; light 367 0 100.00
Autumn Shewa 20 dark 76 59 74.89
15 light 187 115 61.92
| dark { 304 0
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[ s light ' 28 0 10000
} | ° dark g ! 9 83.00
oy light 80 10000
I dark 43 8 3431
1928 | i | i
Spring stnomata| ‘ . ! o .
20 light 19 . 16 75.98
% i . dark 3 1 €8 4.23
' 15 | light | 58 38 £0.42
, : | dark G ! 73 0
' ‘ i
‘ ! O '
i’ | 9 | lghe = 177 0 i 10000
1929 Japanese i ! dark 164 i 0 100.00
spring | M.l o dght 106 0 10000
i | dark 149 13 ! 91.98
| i

The table shows divergent results in the races of different
voltinism. In the bivoltine races, Shohaku and Sheowa all turned
into moths laying light-colored eggs at the temperature of 15° in
the dark. At 24° and 25° in the light, and at 28° either in the dark
or in the light, total moths laid dark-colored eggs. The tempera-
ture of 20° in the light and that of 24° in the dark resulted in
moths laying dark-colored eggs over 90 per cent. Intermediate
percentages were obtained at 15° in the light, and at 20° in the dark.

In the tetravoltine race, Tsunomata nearly the same percentages
of moths laying dark-colored eggs as in the bivoltine were obtained,
except that intermediate percentages resulted at 24° in the dark,
and at 20° in the light.

Now we come to the univoltine race Japanese No. I. Here,
the temperature of 15° in the dark gave a small percentage of
moths laying light-colored ecggs and not a single moth under other
conditions. _

Shohaku produced higher percentages of moths laving dark-
colored eggs than Showa. A considerable variability was observed
m Showa reared in the different seasons, spring and autumn, as
well as in Shohaku rveared in different years, 1928 and 1929, in the
case of incubation at the temperaturc of 20° in the dark and at
that of 15° in the light. '

B. Larml Period

In the experiments so far described, where the eggs were in-
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cubated at an intermediate temperature in the dark, and a low
temperature in the light, somewhat variable results were obtained.
This seems to suggest the possibility that some effects of light and
temperature are present some time in or after the larval period. As
to temperature, WATANABE verifled the fact that high temperature
during the earlier larval stadia and low temperature during the
later larval stadia were conducive to the production of dark-
colored eggs and vice versa. But very little attention was paid
to the independent effect of light and still less to combined action
of light and temperature. The results of my experiments on this
point are stated in the following pages.

a) Ealier larval stadia (first, second and ihird instars). An
experiment was performed to investigate the independent effect of
light. The eggs of seven batches of Showa incubated at 19°C. in
darkness were brought into the room temperature (24°C.) and
parcelled out into five lots; 1} light for the first instars, dark for
the second and third; 2) light for the second instars, dark for
first and third; 3) light for the third instars, dark for the first
and second; 4) light throughout the three earlier stadia; 5) dark
throughout the same period.

Table 6

Results of the experiment to determine the effect of light
during the earlier stadia

Number of moths I Percent. of
Light conditions and - -~~~ St Mt w—= - moths laying
sradia dark-colored  light-colored  dark-colored

; cggs eggs egas
stadium 1 light (5 92 41.40
stadium 2 light €0 97 . 38.22
stadium 3 light 2 o8 2097
stadia 14243 light 79 . a3 44,63
stadia 1+2+3 dark 3 131 . 224

The results in Table 6 indicate that light had a great effect
during the first and second stadia, but a considerably smaller effect
during the third stadium, and that much more moths laying dark-
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colored eggs were produced, when the larvae were kept light
throughout the earlier period than they were kept in darkness.

To know any relation which might exist between the effects
of light and temperature in the earlier larval stadia and those
in the incubation period, the eggs of forty batches of Shohaku
were parcelled cut into eight parts, and every two were put into
constant temperature incubators at 28°, 24°, 20° and 15°C. Twenty
bhatches of Tsunomata were treated in a similar way, and fifteen
bhatches of Japanese No, I were parcelled out into four parts, every
two of which were put at 20° and 15°C., respectively. At each of
the temperatures in these experiments, one part was kept in the
light, the other in the dark. Larvae from each of the eight parts
of eggs, in case of Shohaku, were divided into four approximately
equal groups, two of which were reared at 28° and two at 20°C.
throughout the earlier stadia, lasting from hatching up to the
beginning of the third stadium. For each temperature again one
of the groups of larvae was fed in the light and one in the dark.
In case of Tsunomata and Japanese No. I, larvae from each of the
experimental parts were divided into two groups, one kept light
and at the high temperature during the voung stages, and the
other under opposite conditions. The later stadia and pupae of
the treated lots were kept at the room temperature of 24°C.

Table 7

Iiffects of light and temperature combined during the incuahbtion
and the earlier larval stadia upon the production of moths
laying dark-colored eggs

Canditions of . Conditions of rearing ' Number of moths .
incubation the earlier instars ‘ T ] ?:égﬁgthd
Races ; - duark- light- | 7 d'u‘ig
temp.in . light temp. in light ‘ colored colored :Culfre& P
. C. i conditions C. conditions ‘ egos eggs 8e
85 Hight | 209 0 1 10000
dark | 133 0 ; 100.00
| L T light 8 0 10000
1 | {odark ;138 0 100.00
| 28 i - :
! | 55 | light | 20 0 | 10000
| Podark 224 2 1 99.12
Shao- dark | i \ '
; : : P light 2006 0 100.00
hakie P dadk |t 0 100.60
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o light 217 0 10000
i dark 170 0 | 10000
light :
! o | light 233 0 100.00
“ ‘ dark 156 0 100.00
’ 24 g | light 1€5 0 100,00
- dark 206 5 ‘ 97.63
. dark | J
{ % light 188 2 ! 9895
\ I dark 180 16 91.84
I
— - ; - = e e
‘ L oag light 144 0 © 100.00
| | dark 140 | 8 94,59
} light ' |
S light 211 6 | 9rod
: i dark | 148 13 | 9193
| 20 i ¢
I to,g | light 13t L 45 7443
| : . dark 46 | 87 i 3459
| dark !
! } % light \ 89 93 48.9)
‘ | | dark ‘ 60 142 29.70
| !
| | R )
= ' g Lght | 159 23 87.36
[ ‘ dark | 130 79 €2.20
light ! :
Lo | light 137 25 84,57
" ! dark 55 90 37.93
1 '
light ‘ 7 153 4.37
48 ‘ dark | 0 239 0
dark : i
2 light | 0 189 0
dark ! 0 185 0
l
i |
28 | light 54 | 0 © 10000
light z : '
20 dark | 46 0 100.00
23 f
28 } light | 48 0 100.00
dark |
. 20 . dark | 32 0 100.60
IR S U N S e
| I | light 67 0 10000
| light | '
; P20 durk 66 0 10000
I ‘ oo o
p— .28 light | 82 7 9213
mata , dark : =
} ; l 20 dark | 44 14 | 75.86
1 I y
.28 light | 55 1 98.21
light | ! |
! 20 darlk 29 ! 4 ‘ 87.88
€0 : | l
= ' o8 light 1 6l 24 7176
i dark ! ;
- 20 dark | 41 38 51.99
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q 28 light 3 . 21,
# light | i
20 dark 21 12 €3.64
15 i ; ‘
‘ P28 light 0 | 58 0
| dark |
| {20 dark 0 | 19 0
— ! -
; 28 light 63 0 100.00
i light ‘
i i 20 dark 121 0 100.00
20
[ | 28 light | & 0 - 100.00
i dark ;
| ] o arle 5 ;
Japan-! : | 22 _ dark | 145 : & ; 100.00
,@SGJ_ N . ,,,,,,,,,: e * .I I
~o. 1y 28 light 57 0 | 10000
light | : i :
|23 . dark gg 0 | 100.00
15 : ‘
‘ P28 0 light 48 2 96.00
i dark ‘ i . |

20 todark 74 4 I 95.18
| | I

The rcsults in Table 7, for the carlier inétars, g0 far as the
effect of light is concerned, stand in fairly close agreement with
those in Table 6, the light rearing showing some excess of moths
laying dark-colored eggs over those in the dark. The high tem-
perature gave also more dark-colored eggs than did the low tem-
perature, There was a great excess of dark-colored eggs produced
at the high temperature and light combined, over those at the
low temperature and darkness.

Turning to the cffects of light and temperature for incubation
and the earlier stadia, much dissimilarity was found in different
races regarding voltinism. The infant instars of the bivoltine and
tetravoltine were more easily influenced by light and temperature
than those of the univoltine. In the case of the bivoltine and
tetravoltine, when eggs were incubated at temperatures above 24°
in the light, or at the temperature of 157 in the dark, no influence
was perceived upon producing dark-colored eggs, no matter what
the rearing conditions of light and temperature mght be. If in-
cubation was carried out at the temperature of 24° in the dark or
at 20° in the light, much more dark-colored eggs were produced
when the infant instars were veared at the high temperature in
the light. If the eggs were incubated at 20° in the dark or 15°
in the light, and the infant instars were reard at the high tem-
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peralure in the light, remarkably higher percentages of moths lay-
ing dark-colored eggs were obtained, while the percentages among
the lots in which light and temperature conditions were directly
opposite to one another during the earlier stadia, were nearly
equal.

In the univoltine, if eggs were incubated at i5* in the dark,
and the infant instars were reared at the low temperature under
the dark condition, they turned a little more numerously into moths
laying light-colored eggs. In case of all other conditions of incuba-
tion, even if the infant instars werc reared under any favorable
conditions of light and temperature, the production of moths laying
light-colored eggs was not influenced in the least.

b) Later larval stadia (fourth and fifth instars) For the pur-
pose of investigating the effect of light during the later larval
stadia, the larvae of Showa obtained from incubation at 17°C. in
the dark were put in a constant temperature chamber at 28°C.,
at the beginning of the fourth stadium, and were divided into
four lots; 1) light for the fourth instars, dark for the fifth; 2}
light for the fifth instars, dark for the fourth; 3) light throughout
both stadia; 4) dark throughout the same period. A similar ex-
periment was performed with Tsunomata. In these experiments,

Table 8

Resuits of experiments to determine the effect of light
during the later larval stadia

i Number vf moths | Percent. of

: - e : e - moths laying
Races Light and stadia i dark-colored ' light-colored ¢ dark-colored

‘ egus egus eges

i ] . | (- —

i stadium 4 light ! (7 13 83.75

| stadium 5 light 89 17 83.95
Showa | ) ; i

stadia 445 light €2 ! 16 79.49

‘ stadia 445 dark 67 ‘ 10 87.01

| ' ! : —

i stadia 44-5 light 48 42 J 53.33

Tsunoma m‘ |
. stadia 445 dark H 31

[
(8~

5849
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the pupal period was cared for in a constant temperature chamber
of 20°C, in the dark (Table 8),

The light either in the fourth or in the fifth stadium resulted
in a smaller number of moths laying dark-colored cggs than dark-
ness. The effect was more striking when the insccts were exposed
to light throughout both stadia.

The next test was performed to determine the interrclation
between the effcets of light and temperature in the later larval
stadia and those during incubation. Tggs and later instars of
Shohakn and Tsunomafa were treated after the same manner as
described for the experiment on the earlier instars.

Table ¢

Effects of light and temperature combined during incubation
and the later larval stadia upon the production of moths
laying dark-colored eggs

Conditions of "Conditions of rearing Number of moths

| !
: incubation the later instars ——— ———- If(iﬁ?;ﬂ;
Racesi 7 : dark- © light- 00" e g
{ temp.in ©  light  temp.in light . colored | colored i
, conditions C. conditions eggs - eggs ‘ e
iy ‘ —— T— e arenoue e i - i e e b bt
‘ 29 light 1534 0 ‘ 100.00
light dark 147 | 0 | 100.00
‘ j S light 130 0 10000
‘ : dark 152 0 | 100.00
28 ) :
‘ 5 98 © light 152 0 100.00
| . dark ! 138 0 190.00
! i i . i
D odark ., D omght 17 0 10000
‘ ! N dark 160 0 100.00
gy qemse Ml e S ___: sy —eevnrzie Vs e wa B g
i
55 light 164 0 100.00
darlk 137 0 100.90
light i . i
2 fight 176 0 | 100.00
: dark 170 0 i 100400
24
28 light 148 1 99.33
dark 1148 0 . 10000
dark ;
20 light 119 4 ; 4575
Sho- M dark 120 0 i 100.00

haku | ; : . i

i
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’ - ligght 187 | 0 i 10000
| L= | dark 175 | 0 10009
‘ light + ° : i
99 ‘ light 177 0 100.00
\ : dark 171 0, 10000
1 20 i | .
‘ sg  light 155 | 55 73.46
- dark €8 24 87.50
i dark I
| 20 light 132 ‘ 3 80.98
X = dark JE I 1G 90.86
! ! - : -—.—I ot @ S g ettt PR S S S
: ©gg | light 215 I 22 99.72
dark R S © . 94.36
light 7 :
oy | light 188 32 | 8545
. i dark 230 11 i 9544
15 ! | ) ; i
; 28 light 0 196 : i}
dark | a 257 i {t
dark ‘ !
20 light 0 181 0
oodark 0 117 : 0
| : i
28 light 92 | 0 100.60
light |
| 20 dark 72 n 100.00
28 : ‘
28 Hght 102 3 97.14
dark
i 20 dark 126 # 100.60
| T < | 1 |
- ‘ 28 lght | 117 § 0 | 10000
| O light i ~ :
i ) i 20 . dark 67 1 2 98.53
4 - i
| *‘ ©28 . light 121 10 92.37
| darz I
i ! 20 dark 91 11 . 89.22
Tsuno- [
mata
‘ ‘ 28 light 7 14 81.09
| light ;
! 20 dark 67 2 97.10
20 | |
: 28 tight 31 48 . 36.24
¢ dark '
‘ 20 dark 169 al €8.13
_ , i -
‘ 3 : 28 . light 42 5} 45,16
b light : !
! 20 | dark 27 ! 20 5745
15
i 28 | light ¢ ' 108 ¢
: . dark | i
: 20 | dark | o - 72 Y
J i
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During the later larval stadia light favored the production of
moths laying light-colored eggs, and the high temperature also
was conducive to it. When the two factors were used in combina-
tion, more marked results were obtained.

Light acts in the same way as high femperature during the
later larval stadia, though their action is against that during the
earlier larval period. If the eggs were incubated at temperatures
ahove 24° in the light, or at 28° in the dark, the larvas deve-
ioped nearly or completely all into moths laving dark-colored eggs,
no matter to what light and temperature conditions they were
exposed during the larval stadia. If incubated at 15° in the dark,
on the contrary, no effect of light and temperature during the
later instars was seen. In the incubation of 20° and darkness, or
of 13° and light, however, temperature and light led the per-
centages to decrease and the low temperature and darkness led
them to increase.

When light and temperature were opposed to one another,
temperature had, other conditions being equal, a greater effect
than light.

C. Pupal Period

That temperaturc, during the pupal period, has a contradictory
influence on the production of dark-colored eggs as compared with
that during the earlier larval stadia has been reported by WaTa-
~NABE and UMEYA. However, very little evidence of the effect of
light has ever been obtained.

Eggs of Shohaki were put into constant temperature chambers
at 28°, 24°, 20° and 15°C, for incubation and at each of the tem-
peratures some were kept in the light, others in the dark. Eggs
of Tsunomate and Japanese No. I were each separated into
four groups, two of which were incubated at 24° (Tsunomata)
or 20° (Japanese No.I)} and two at 15°C. (both races), and at
each temperature one was kept light, the other dark. The
pupae were reared at the room temperatures of 28° and 20°C,,
at which they were subjected again to the light and the dark
conditions.
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Table 10

25

Effects of light and temperature combined during the incubation
and the pupal periods upon the production of moths

laving dark-colored eggs

Conditions of Conditions of

incubation

i treatment for pupae !

Number of moths

3

Tercent. of
moths laying

Races S R S S dark- | light- | -
. temp. in { light ° temp. in | light colored colored 1(131_1(6'“0],0]’6{]
= i conditions C. conditions‘ eggs egos Hes
DR S A | :
9g | light | 75 oL 10000
| dark | 39 o 1 10000
light | i
\ g MRt L T 0 1 10000
| | dark i €6 0 ! 100,00
P28 ‘ , i
f 28 light | 39 G0 10000
| dark | 89 ¢ 0 10000
dark i
: 95 light 82 0 10000
j | b dark 87 0 : 100.00
— ; I - :
| o light & |0 . 10000
[ = dark 99 0 10000
| ! light i ) _ i
| 2 light 114 0 100.00
i cark 95 0 100.0¢
d 2,1_ i
| 28 light 113 8 93.34
1 i dark 108 1 99.08
| dark ! | :
99 | light 13 1 2 . o85h
Sho | : B i dark i 129 | 1 | A99.23 )
imkzs { ! - " T : ’ ) 1 T
55 light 4 4 94.12
= dark 87 0 100.00
light
- light 64 0 100.00
- dark 56 0 100.00
I ;
a5 light 1 52 26.76
dark 33| 33 : 50.00
‘ dark . ) i ) o
20 light 33 31 ! 51@
‘ dark 32 10 i 83.87
| | ' T
i ! g5 light £6 38 ¢ 6ada
: ; dark | 87 13 87.00
i light i
| - Nght | 83 12 87.37
i = dark 9 8 I 91.84
15 ’ ; ‘
i ; 28 light ‘ 0 122 0
| dark 0 110 0
dark } ‘
Lo light 0 91 0
‘ dark | 0 94 ]
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. 29 light 51 1 | 100,00
i dark 43 0 boo100.00
: light :
; : 20 light 8L 0 100.00
i ; dark 9 0 100.00
| 1
: 0% light 43 ! 12 7818
dark 36 7 83.72
dark
| 2 light 54 8 87.19
| ! dark | 63 7 90.00
Tsuno-, ;
maia | ) | T
I 28 light 41 29 i €8.75
: - v dark o4 24 ! £49.23
: light :
| oy light 16 181 7188
| - dark 34 & 80,95
I 15 ]
\ 9q light 0 41 : 0
‘ dark ] 45 : 0
dark i
a0 light 0 52 ! ]
: dark | 0 73 g 0
i ; !
‘ | gg o light 51 0 100.00
A ' . dark 62 0 100.00
| light
| ' 20 © light ]Zb: {) 100.00
; i dark 116 0 1006.00
20 ! i
5% light 49 0 100.00
i i dark G7 4] 100.00
! dark | 3
: 20 light 115 4] 100.00
Japan- : : dark 132 0 100.00
£5E L i :
No.2 - : : ‘ i
1 - light = 44 . 0 ! 10000
| - dark i S 0 100.00
\ o light :
‘ 20 light 62 0 . 100.00
| dark o8 ( : 100.00
15 ! i
i ag light ¢ 69 5 93.24
I - dark 63 4 94.03
darlc !
20 fight 83 2 97.56
= ¢ dark 82 0 1060.00

The results indicate that light acted inversely upon the pro-
duction of dark-colored eggs, compared with the case of the infant
instars, and that high temperature acted consistently with light.

In the effects of light and temperature during incubation and
those during the pupal stage, a great discrepancy may bz found in
different tvpes of voltinism. In the bivoltine and tetravoltine, when
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eggs were incubated at temperatures above 24° in the light, or at 28°
in the dark, the pupae tended no more to be moths laying light-
colored eggs than to be moths laying dark-colored eggs in case of
incubation at 16° in the dark, whatever light and temperature condi
tions might be during the pupal period. But if incubated at 20° in
the dark, or at 15® in the light, the high temperature and light
during the pupal period gave lower percentages of moths laying
dark-colored eggs, than did either the high temperature and dark-
ness, or the low temperature and light.

In the univoltine race, there was a slight excess of moths lay-
ing light-colored eggs at the high temperature in the light over
those at the low femperature in darkness only when the cggs were
incubated at 15° in darkness. No excess of them was found
under the other conditions of incubation as to ll&,llL and teinpera-
ture.

2. Relation between Light and Temperature in producing
Moths laying Dark-colored Eggs

A few experiments have been undertaken for the purpose of
testing the specific effects of light operative during the incubation

sl tha amaeds Tawvsralt svmetmdn Frum +lao vammmes dlan Tam ) SEVLPN

O.il\..l LlI.C CCL[!!.C{ 1l val HCIIUUD, 1UL LllC 1CasuIl Ll.lﬂL J.I.SRJ.L 11(1:!, CLL LIICOU
periods, a strong influence on the production of dark- or light-
colored eggs.

A. Eﬁfeds of Light Intensity at Different Temperatures

I took fourteen lots of eggs of Showe, seven of which were
inctubated at 20°C., and the other seven at 15°C. At each of the
temperatures, the first lot was covered with a transparent glass
plate (light control}, the second kept dusky with a frosted glass
plate, the third with two such plates, the fourth with three plates,
the fifth with five plates, the sixth with seven plates, and the
last was kept entirely dark (dark control). The light source, in
cach room, was Mazda point bulbs of 6 C.F. regulating the
potential at 6 volt constantlv. The intensity measured at a dis-
tance of 3m. from the source was 0.0256 F.(C. in the first lot,
0.0i84 F. C. in the second, 0.0136 F.C. in the third, 0.0095 F.C.
in the fourth, 0.0051 F.C. in the fifth and 0.003¢ F.C. in the
sixth,
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Table 11

Effects of the light' intensity during egg incubation upon the
“production of moths laying dark-colored eggs at
different temperatures

VWConditions of incubation Number of moths . .Pcrcentﬂ.;f
s [semmmmmen o e, s moths laying
temp. figtlit Sttt dark-colored } light-colored | dark-colored
inC. | ’ ceys , eggs eges
: 1 transparent glass plate 282 4 98.60
" 1 frosted glass plate 164 4 9762
' 2 {frosted glass plates 199 2 99-00
oo 3 frosted glass plates 240 4 98.36
- . 5 frosted glass plates 142 ! T 95.30
7 frosted glass plates | 209 31 87.08
entire darkness 217 24 90.04
: 1 transparent glass plate 162 15 : 78.26
| 1 frosted glass plate 184 51 E 78.30
2 frosted olass nlates 201 : 50 20.08
15 3 frosted glass plates | 165 &2 66.80
5 frosted glass plates ! 135 102 56.95
. 7 frosted glass plates 76 ) 126 37.62
7 entire darkness ' 3 " 145 2.03

The influence of the light intensity during the period of in-
cubation upon the percentages is evident and it varies with tem-
perature. At 20° lower intensities than 0.0051 IF.C. {five frosted
glass plates) were less favorable Lo the production of moths laying
dark-colored eggs than higher ones, and at the intensity of 0.0095
F.C. (three frosted glass plates) the percentages of moths laying
dark-colored eggs were fairly as numerous as at the greater inten-
sities, At 15°, however, above 0.0136 F.C. (two frosted glass
plates) nearly equal percentages resulted, and below 0.0095 F.C.
(three frosted glass plates) the fainter the intensity became, the
less the percentages were obtained.
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Judging from the mentioned results, the lower light intensity limit
for the production of moths laying dark-colored eggs varies with the
incubation temperature and the intensity at a low temperature (15°)
seems to be a little higher than at a high temperature (20°).

Another experiment was carried cut in which eggs were
divided into two parts to be incubated at two different constant
temperatures, 20° and 15°C., and in cach room they were kept at
various distances from the light source. The result was that the
lower light intensity limit remained neariv the same as shown in
the foregoing experiment.

An experiment to test the effects of light during the earlier
larval stadia, was done. Iggs of Showa were incubated at the
temperature of 17°C. in the dark. Upon hatching, larvae were
separated into five lots; 1) the control covered with a transparent
glass plate, the intensity heing 0.21 F.C.; 2) covered with a frosted
glass plate (0.15 F.C.): 3) covered with three plates (0.077 F.C.);
4) covered with seven plates (0.027 F.C.); &) the control kept dark
throughout the carlier larval stadia. These intensities of illumination
were measured at a distance of 1.8 m. from the light source.

The results are given in Table 12, which show that the in-
tensity of illumination up to 0.15 F.C. (one frosted glass plate)
conduced to the production of dark-colored eggs, and that below
0.077 F.C. (three frosted glass plates) was unfavorable fo their
production. In other words, during the period of feeding, the

Table 12

Effects of the light intensity during the earlier larval stadia
upon the production of moths laying dark-colored eggs

Number of moths I Percent. of
o S | moths laying
~dark-colored | light-colored ‘ dark-colored

Light intensity

N . CHiEs egEs CHES
L SR S I -
1 transparent glass plate I 14 1 38 53.66
1 frosted glass plate ! 16 ‘ 10 53.49
3 frosted glass plates i 36 I 51 11.28
7 frosted glass plates | 2 z 72 26.53

enitire darkness 25 i 55 31.25
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lower light intensity limit goes up, as a rule, in a certain degree
in comparison with that of the incubation period. It has not been
made clear whether this is owing to the interruption of light by
mulberry leaves or to the lower sensibility in the larva.

B.  [Effects of Different Wave-lengths of Light at
Diffevent Temperaiires

To examine the effects of light of different wave-lengths upon
the production of dark-colored eggs during the period of incuba-
tion and larval life, glass plates of five different colors, red, orange-
vellow, violet, white and dark, of which the tops of the boxes
were made, wete used. The red allowed the transmission of rays
of wave-lengths below 6100 A, the orange-yellow below 5500 fx,
and the violet 5100 to 3500 A. The white was a heat-absorbing
glass, the transmission range of which was from 7000 to 3500 A,
and the dark was shaded by charcoal paper. At the beginning of
the experiment, radiations were measured with an arbitrary unit
against the light source of a Mazda daylight lamp. The proportion
of the radiation energy was 100 for the red, 3i2 for the orange-
vellow, 200 for the violet, §76 for the heat-absorbing, 0 for the dark,
where the red and the orange-vellow were together with heat-
absorbing -plates. To equalize relatively the total radiation energy
through the various colored glass plates, the red was kept at a
distance of 0.6 m. from the light source, the orange-vellow 1.0 m.,
and the violet 0.80 m. The white and dark were kept at a dis-
tance of 1.0 m. without regarding the total energy.

Eggs of Showa were divided into ten parts, five of which were
placed at a constant temperature room at 20°C., the other five
at 15°C. At each temperature five were kept separately in dif-
ferent boxes provided with various ray filters as shown above. The
light source was a Mazda daylight lamp of 6 vok, 6 C.P. A similar
experiment was performed with eggs of the race Tsunomeata, in which
a Mazda C2 bulb of 40 watt, keeping 100 volt constantly, was used.

The light intensity under the white (heat-ahgorbing) glass plate
used as the control was 0.3 F. C. in the experiment with Sheowa,
and 3 F.C. in that with Tswunomala. In these two experiments,

the ratio of the amount of light rays of wvarious wave-lengths
transmitted through the different plates was about 1:10.
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Table 13

Effects of light rays of different filters during the incubation
period upon the production of moths laying dark-colored
eggs at different temperatures

Conditions of incubation Number of moths | Percent. of
- i — i s , moths laying
R temp. in S - dark-colored light-colored - dark-colored
ay s egas eggs eggs
dark 274 | 47 85.36
red 261 ; 43 . 84.47
20 ‘ orange-yellow 264 } 19 93.29
violet 260 1 ‘ 99.63
3 white a4l 1 1 | ug.84
Shewal 1 L .
; 1 ; ‘
‘ dark 6 25 | 2.84
red 6 . 201 2.90
15 orange-yellow ' 18 j 216 ‘ 7.69
 violet 217 5 97.75
!
: white 19 ‘ 5 97.44
dark 24 3 ! 9J.62
\
, red | 60 4 j 93.75
20 | orange-vellow 61 | 2 ; 08,82
‘ violet 57 0 CI0000
t ;
white 41 0 100.00
Tsuno-] | i
mute \ -
dark 3 100 291
red 0 88 u
15 arange-vellow 13 95 ' 12,04
violet 95 18 ‘ §4.07
white 63 19 76.83
S OO .

We learn from thesc results that different light wave-lengths
with nearly equal encrgy had different effects upon the production
of moths laying dark-colored eggs. The red had no more effect
than had the dark. The orange-vellow gave results very similar
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to the red, but not exactly the same. The violet as well produced
a large number of moths laying dark-colored eggs as the white.
These results did neither vary with various incubation tempera-
tures, nor with different amounts of rays as applied to different
silkworm races.

In short, the wave-lengths of light below 5500 A, which the
orange-yellow plate permits, have little or no effect upon the pro-
duction of moths laying dark-colored eggs, whilst those above this
limit exert a considerable effect on it.

Eggs of Showa were incubated at 17°C. in the dark, and those
of Tsunomata, at 20°C. in the dark. Upon hatching, they were
put into a room at 24°C., and then separated into five lots. The
larvae were treated only during the first and second stadia under
five different light conditions, as menticned in the preceding ¢x-
periments, and after the third stadium they were reared similarly.
In these experiments, the light source was a Mazda daylight lamp
of 40 watt, and the distance was the same as designated above.

The results showed remarkable agreement with those in ex-
periments where eggs were exposed to different ravs; the violet
as well as the white had a great effect on the production of moths
laying dark-colored eggs; the red, orange-yellow as well as
the dark were of no effect. Strictly speaking, however, on the
occasion of the incubation experiment the orange-yellow showed a
slight indication of effectiveness, but not at all in the experiment
in the larval period.

Table 14

Effects of light rays of different filters during the earlier larval
stadia upon the production of moths laving dark-colored eggs
:g - - NL[IH"J‘E;’ of moths

SRl s — ! moths laying

| s
Percent. of

Rares Ray filters ?lark:colored ; light—cuiur‘ed - dlark-colored
; egrs egrs . euus
dark 28 63 ! 30.77
red 24 : 56 - 30,00
Showa orange-vellow 30 : €9 30,30
violet : s 20 62.50

white : 43 ; 25 | 63.24
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! dark 25 _ 79 | 2404

red 31 l 83 27.19

Tsunomatal orange-yellow 28 1 72 28.00
violet 51 ‘L 34 ' 60.00

‘ white 26 | 18 ; 59.09

C. Effects of the Length of Day at Differenl Temperatures

As a preliminary to more extensive experiments to determine
whether the production of dark-colored eggs could be controlled
by the relative length of daily light exposure, numerous trials were
carrted out. One of them 13 worth while to be noted. Eighteen
egg batches of Showe were divided into nine lots, the first of
which was kept in continuous darkness, the second in alternating
3 hours light and 21 hours darkness, for each lot from the third
to eighth, light cxposure was decreased every day by 3 hours suc-
cessively, and the ninth lot was kept in continuous light. In the
course of the experiment, temperature was kept constantly at 19°C.
The results are recorded in the following table.

Table 15

Effects of the length of day during the period of egg
incubation upon the production of moths laying

dark-colored eggs

Number of moths

Percent. of

Length of day ‘ _d:rz-_coiored “!i_g,l-x_t_-a_:oi-ored ! dma(fl?icl)?grlgg

; eges egys } eggs

continucus darkness : w6 72 51.35
3 hours light e 75 1 52.23
6 hours light 91 81 5291
9 hours light 70 T | 418.28
12 hours light 02 80 5349
15 hours light 103 11 90.35
18 hours light 74 2 97.37
21 hours light 85 3 96.63

continuous light 93 | 3 95388
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No difference was perceptible among the five lots from con-
tinuous darkness up to 12 hours exposure, and there very small
numbers of moths laying dark-colored eggs were produced. On
the other hand, all of the four lots exposed to light for 15 hours
or more showed higher percentages without exception, though the
lot of 15 hours exposure gave a little lower percentage than any
others, This point will be examined further.

Now we come to results of more extensive experiments. Four
different temperatures, 28°, 24°, 20° and 15°C. for Shohaku, and two,
25° and 18°C. for Tsunomata, were used. At each of the tem-
peratures except 28°C., twelve lots were established in hourly in-
creasing daily exposure over 12 up to 21 hours. At 28°C., six lots
were set up to increase daily exposure from 12 to 15 hours. Two
controls, continuous light and continuous darkness were used n
each of. these experiments.

Tahle

—

6

Effects of the length of day during the period of incubation
upon the production of moths laying dark-colored eggs,
in case of more than 12 hours exposure

C?r_ldltignao_fl_ncubdtmn ,,,,,;, Number of I-l’.lt)thS i -I;ercent. g

i ] A " moths laying

REER ‘ e B fengthuohday o i oy dark;;{‘ggre‘i

i - | eggs | eggs

S - . S N,
; continuous darkness ‘ 246 G 100,00
12 hours light 27 3 98.92
‘ 13 hours light Com 4 98.43
28 14 hours light A T 10000
15 hours light . 257 9} . 100.06
continuous light w0 100.66

S T : i

i l conlinuous darkness ' 217 ! 15 93,53
j 12 hours light ‘ 229 \ 253 ! 90.16
13 hours light ‘ 257 . 19 90.31
14 hours light i 211 ‘ 13 ‘ 94.20
15 hours light | 232 o 100,00
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; " 16 hours light 240 0 100.00

- 17 hours light | 245 0o \ 100.00

18 hours light 246 0 | 100,00

19 hours light 230 ’ o 10000

20 hours light R ’ 0 . 10000

21 hours light I 222 - 4] : 100.00

I continuous light ‘ e o ! 100.00

Sho- . g

At continuous darkness - 32 141 | 26.94

12 hours light l 36 147 19.67

13 hours light ‘ 53 118 30.99

14 hours light 7% | 8 4691

15 hours light | 183 | 14 92,09

16 hours light . 135 ' 5 96.43

= 17 hours light 126 ‘ 8 94.03

18 hours light 126 |2 08.44

19 hours lgiht 1€9 ‘ 2 98.83

20 hours light 13 2 98.52

21 hours light 158 Wi 3 98.14

continuous light 139 3 07.89

T

; continuous darkness . 0 190 Q
; 12 hours light 5 0 192 0
! 13 hours light 0 laz [ 4

14 hours light 34 ! 183 [ 15.67

15 hours light 1 79 i us | 40s1

) 16 hours light SRS ST S S 58.00

' 17 hours light 152 €8 £9.09

18 hours light i 125 62 ‘ G6.84

19 hours light 119 59 ! 7041

20 hours light 148 1‘ 65 ‘ £9.18

| 21 hours light ug W : 66.98

|
continuous light 152 €5 70.05
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| continuous darkness 4% 15 : 75.41
| 12 hours light 61 26 ‘ 70.11
I 13 hours light £4 ‘ 18 78.05
14 hours light 35 5 87.50
15 hours light _ 67 - 7 9).34
16 hours light ]‘ 64 1 98.46
& 17 hours light ‘ 86 0 1000
18 hours light J: 41 0 100.00
19 hours light 55 o | 1000
20 hours light 46 0} 1‘ 100.00
21 hours light 6 0 10000
continuous light 57 0 1 100.00
Tsuno- . . I | R
mata |
continuous darkness 9 71 11.25
12 hours light 1 | 3 1.35
13 hours light o 15 0
14 hours ilght 1 4 48 2.04
_ 15 hours light 8 l 67 10.67
g 18 16 hours light 12 . €5 15.58
17 hours light 21 | 58 | aus
18 hours light @ | 4 | e
19 hours light 38 | 31 55.07
20 hours light 52 : 28 65.00
21 hours light 33 . 16 67.35
continuous light 39 39 50.00

In Shohaku, at 28° the lot which endured 12 or 13 hours ex-
posure produced only a very small number of moths laying light-
colored eggs, but those of not less than 14 hours exposure produced
dark-colored eggs only. Exposure to 15 hours or more produced
100 per cent of moths laying dark-colored eggs at 24°, and 16 hours
or more exposure resulted in as many numbers of them as con-
tinuous light at 20°. Nevertheless, at the low temperature of 15°,
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more than 17 hours exposure gave rise to about 70 per cent. of
moths laying dark-colored eggs. In Tsunomata, more than 16 hours
exposure produced a ma ority of moths laying dark-colored eggs
at the high temperature of 25°, and more than 18 hours exposurc
resulted in 50 per cent, while 12 to 14 hours exposure only a few
at 18°. During incubation, 12 or 13 hours exposure did not favor
moths laying dark-colored cggs any more than continuous dark-
ness, and a longer exposure was more conducive to their produc-
tion. The limit of daily exposure, in which an equal number of
moths laying dark-colored cggs as that under continuous light
were produced, varies by temperature. Between 15° and 28°, the
limit of daily exposure drops by about an hour at every 4° or 5°C.
rise of temperature.

Eggs of Showa were incubated at 16°C. in darkness and the
first and second instars were put under the following conditions.
At each of three differet temperatures, 35°, 31° and 27°C, five lots
were made, the first of which was in continuous darkness, the
second in 6 hours exposure, the third in 12 hours, the forth in
18 hours, and the fifth in continuous light. Similarly the eggs of
Okusa were incubated at 17°C. in darkness, and the larvae were
reared at 20°C. in the earlier larval stadia, being separated into
nine parts, one- in continuous darkness, seven in from 12 to 16
hours exposure every day, and the rest in continuous light.

Table 17

Effects of the length of day during the earlier larval stadia
upon the production of moths laving dark-colored eggs

T Conditions of rearing - Number of moths

- Percent. of
! . i ths laving
Races T . dark- ‘ light- 1 ™° 5
! te“’é{?' L length of day | ecolored | colored darlce-colsored
Y | egms | eges =B
continuous darkness i 14 | 85 ! 1414
6 hours light i 13 | 141 ' 844
35 - 12 hours light 1 I3 87 ; 1471
18 hours light : 12 19 ‘ 19.67
| g
| contintous light ‘ 17 81 ) 17.35
| R | :
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\ continuous darkness . 14 ‘ 216 i £.09
1‘ 6 hours Tight o m ( 9.9
Sheal 30 | 12 houss gkt BT ; zis | 4.33
18 hours light ' 20 | z19 | 837
L continuous light 21 1 172 | 1088
R ) ISR (PR
[ ; continuous darkness : 8 242 5 3.20
" | 6 hours light : 13 70 459
‘ 27 12 hours light 1 282 0.35
18 hours light ' 13 225 5.46
5 continuous light I 17 ‘ 184 | 8.46

1
continuous darkness 20 220 ! 10,57
| 12 hours light 8 23 747
| 13 hours light o 210 | 7.49
14 hours light B L 12
15 hours hight I 43 ‘ 159 ‘r 21.29

Okusa 20 i |

-i | 16 hours light 64 187 1 25,50
| 17 hours Bight I R T R 12
i ‘ 18 hours light | 066+ 163 35.02
' ' 19 hours light T 204
l continuous light I 106 | 189 35.93

The lots exposed for more than 17 or 18 hours during the
carlier stadia, produced as many dark-colored eggs as those in
continuous light. This is the same result as obtained in the in-
cubation experiment, but in rearing, whether the relative length of
daily exposure necessary for preoducing as many moths laying
dark-colored eggs as continuous light does, is changeable by tem-
peratures or not, is uncertain at present. One thing to be noticed
in this connection is that a maximum percentage of moths laying
light-colored eggs was often attained in 12 hours alternating ex-
posure. This was true in the experiment treated during the in-
cubation as well as in that treated during the larval period, probably
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because of the possible stimulation which alternating light and
darkness might give to the material, thus producing more light-
colored eggs than continuous darkness.

3. Effects of Environmental Conditions upon the

Production of Mixed Batches

Eggs laid by a single moth are colored, as a rule, either dark
or light, excepl some rare cases where both are mixed in the same
batch. These exceptional cases were, however, put out in the
foregoing consideration, as they seemed not to affect seriously my
conclusion already given. In ths “mixed ” batches, eggs are de-
posited in a mass or masses, presenting intermediate colors besides

1 reimant Aol wrinlat ~anlae and thae licht Aana Thaca intarmadinta
LI1C 1V 111l Uualnn viviloL LU g LIt LISl Ullio. £ oIGD IIRhd MICAR ORI

colors were much variable, and the proportion of a definite color
has never been determined. Very little account of such a mixed
bateh has hitherto been published. To ascertain under what condi-
tions they are caused, present experiments were undertaken.

A. Effects of Light and Temperature during
the Incubation Peviod

In my experiments regarding the effects of light and tempera-
ture during incubation upon the production of dark-colored eggs,
some mixed batches were found, usually independent of voltinism.
The results in Shohaky, Tsunomate and Japanese No. I with
reference to the numerical proportion of mixed batches are as
follows :

Table 18

Effects of light and temperature during incubation upon
the production of mixed batches

Conditions of

R o incubation | Number of  Total number | Percent. of
doest temp light mixed batches, of moths ' mixed batches
inC. conditions | :
- ; : -
98 light 0 232 ! i
- i dark 0 280 0
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! |

- light S 0.79
i j dark 10 i 270 3.70
Shohaku ; ; ; '
Pogy 0 light | 2 140 143
dark 9 182 4.95
] 1 ;
15 light i1 | 230 | 478
: dark 0 | 194 ' 0
| |
? | o o . |
9 | light G 28 i ]
= dark 0 B0
i ! ! :
94 light 0 i 48 0
+ dark 3 i 51 5.36
Tsuriomata 1 :
90 light 8 ; 73 10.96
= . dark 0 | 71 i 0
5| it 7 103 ‘ 5.8)
T dark 0 73 : 0
i i b o LA L e F L R g B
. light 0 77 0
Ggess | ] dark 0 ! 164 0
¢ | ; |
N s light 0 | 16 0

| dark 6 | 168 3.57
i

- In Shohakn and Tswunomata little larger numbers of mixed
batches were found when eggs were incubated under intermediate
conditions as to light and tempzsrature. Namely, highest percentages
resulted, when the incubation was carried out either at 20° in the
dark, or at 15° in the light, while incubation at 24° in the dark,
or at 20° in the light produced lower percentages. Other conditions
of light and temperature never induced the production of mixed
batches. In fapanese No. , a small number of them was obtained
at 15° in the dark, bat nothing under the other conditions.

B. FEffects of Light and Temperature during
the Pupal Period

Although a number of mixed batches may be produced by
incubation under intermediate conditions, their percentages are
exceedingly variable. This mayv be attributed to the influence of
light and temperature during the pupal period. Two experiments
seem to be sufficient to explain this point. _

Eggs of Shohaku and Tsunomata were incubated at 20°C. in the
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dark. After spinning, the pupae were separated into four groups
to be subjected to different conditions of light and temperature.

Table 19

Effects of light and temperature during the pupal period upon
the production of mixed batches

Treatment for [
Races | pupae | Number of | Total number - Percent. of
| Jr— i Tight mixed batches  of batches %mixed batches
in C. !conditions i
- - T I
' o o light 35 : 221 ! 15.84
" dark 6 ] 223 | 269
Shohaku | ; | !
. pp | light 2 | 280 0.71
: dark 4 305 1.31
| | i B
} a5 light 7 ‘ 71 9.86
‘ dark 3 81 3.70
Tsunomata, :
! 20 light 2 i 66 3.03
i dark 0 | 42 0

It is evident that light and temperature in the pupal period
exerted a great influence on producing mixed batches, especially
when the two factors were combined in the same direction.

C. Different Features of the Initial and Final Deposits
in Mixed Balches with Reference fo Temperaiure
duving the Pupal Period

As mentioned in the preceding section, mixed batches de-
posit dark- colored, light-colored and intermediate colored eggs,
high temperature and light during the pupal period accelerating
their production. The following experiment was done for the
purpose of knowing if there were any relation between the
sequence of oviposition and egg color. When eggs of Showa werc
incubated at 17°C. in the dark, the‘ pupae were parcelled out into
two groups, one of which was kept at 30° the other at 20°C.
(both in the light). The moths were allowed to deposit for two
hours and the eggs thus obtained are called the first deposit. Then
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they were removed to lay on new sheets of the card-board and
left there till the next morning. The eggs obtained during this
interval are named as the sccond deposit. These treatments were
done for the moths from pupae kept at two different temperatures,
30° and 20°C,

Table 20

Mixed hatches and the order of deposit according to
temperature during the pupal period

Second deposit

First deposit

. Temp. e .
utlh(é’ d;!.r;r}g Total batches . number | percent. I number percent.
)e?iog of mixed | of mixed of mixed of mixed
L | batches ! batches .« bhatches batches
s o~ ke H I‘__. iy
30 209 i 7 . 335 25 11.95
20 230 0 ’ 0 o0

Keeping the pupal period in the high temperature, more mixed
batches were produced in the second deposit than in the first one.
If the pupae were placad in th2 low temperature, neither the first
nor the second vielded mixed batches.

4, Color Grades of Dark- and Light-colored Eggs

All newly laid eggs are colorless, but some eggs deposit dark
violet pigment within the serosa after several days, while some
others do not change exceedingly their color, they remaining very
light or uncolored. There are considerable variations of color both
in dark-colored and light-colored eggs by different temperatures to
which they were exposed. Even I temperature was kept the same,
still some variations are met with., This fact spzaks for the
existence of different genetical constitution with respect to the
color formation, but this point has not been followed in my pre-
sent work. An observation on the effect of temperature after egg
laying was done by MATSUMURA ("27), who did not com2 to any
sfinite conclusion. Further knowledge seemesd to me urgent,
“which might not only elucidate the cause of the color variahility,
but also that of hiberation in the silkworm if possible.
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A, Effects of Temperature upon the Color Variatz'nn-
of Dark-coloved FEggs

Dark-colored eggs are easily distinguishable in the presence
of exceedingly dark violet pigment in the serosa from light-colored
eggs. The chorion can be slightly tinted vellowish in the dark-
colored eggs as compared with the light-colored eggs, although
this characteristics is hardly visible in Japanese races.

a) Temperature during the pupal period Pupae of Shohaku,
Tsunomaia and Japanese No. 1 were subjected to two different con-
stant temperatures of 30° and 20°C. and left, as they were, up to
emergence. [Eggs laid by the emerging moths were put into a
constant temperature. After ten to fifteen days the intensity of
egg color was chserved.

Table 21

Effects of temperature during the pupal period upon
the intensity of egg color

T ! Tatal - 74“PA<&3r_c‘ei1E_9“f__1“n_pths . Mean
em. | | / !
Kaces : i number ! . degrec of
S < L O R o = & = +H Ht i cgg color
| eggs | egys eggs egps | egos
i e S e I
30 8 2041 60.29 10.30 0 ! Q0 +
Shohaku ' : ) ‘ :
20 147 1 146 i 14.71 24.82 43.80 ¢ 1021 « H~{H
S— e - 5 i .* S
30 1 32 0 1250 - 4375  43.75 0 H~i
Tsunemata .
P20 0 49 0 204 1633 4898 | 3265  Ht~ it
T T U
Japanese 30 ‘ 110 091 | 21.82 61.82 5.45 3] + ~+
No. I pp | 241 0 373 1867 3610 | 4150 HE ~
|

Symbol — indicates the least intensive color, #ff the most intensive and others
the intermediate colors in order.

It was found that when the pupae were kept\‘ at the high
temperature of 30°, their eggs became fainter in color than eggs
from the pupae kept at the low temperature of 20°. No significant
difference in variability was seen between those two experimental
series.
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b) Temperature after the time of laying New-laid eggs from
somc¢ moths of bivoltine, tetravoltine and univoltine races were
divided and put into six different constant temperatures, 30°, 25°,
20°,15°%, 13 and 11°C. When twenty days had clapsed after laying
the eggs were drawn out from the given temperatures, and placed
at 25°C. for five days, then the intensity of egg color was
examined. .

Table 22

Effects of temperature upon the intensity of egg color after
the time of egg laying

- | ‘ ) ‘
Temp.inC. | 30 25 20 5 13 l 1
Mean degree of i : ) :

egg color e i H H~ i~ H -~ i +

The greatest amount of pigment developed at 15° and 20°,
The farther the temperature went up or down from these degees,
the less the amount of pigment came out.

Hereupon, to ascertain how long eggs must be kept under the
optimum temperature of 15°C. to produce a maximum amount of
pigment, another trial was performed. New-laid eggs of Showa
were separated into six parts and kept at 15°C. They were
brought out into the temperature of 30°C. every day one by one.

Table 23

Relation between the number of days placed at 15°C. and
the intensity of egg color

\
Days which passed |
at 15’ ‘ ‘ |

Mean degree of egg
color

o H O H W

Eggs kept at 15° for four days or more manifested most
intensive color, whereas those kept at 30° less intensive one. This
phenomenon was true in any different races as to voltinism.



Light and Temperature on Characters of Silkworm 43

B. Effects of Temperature upon the Color Variation
of Light -coloved Lggs

It has been observed by some investigators that light-colored
eggs could be more or less strongly colored when treated with a
temperature lower than 5°C. According to my experiments, this
coloration is merely due to the change of color of the yolk which is
caused to degenerate by a low temperature. I, therefore, put eggs
into temperatures higher than 10°C. to avoid the volk degenera-
tion, and studied the variation of the serosa color of light-colored
eggs affected by temperature during the pupal period and after
egg laying. The least intensive had but little amount of pigment,
while the most was as darkly pigmented as brown. The intensity
of egg color was classified into five grades.

a) Temperature during the pupal period. On spinning, the larvae
from the incubation at a low temperature of 15°C. in the dark,
were divided into two groups, one was kept at 30° and other a

OHOF Thn mothe were made tn lav in the temneratnre n"F 1? or

FE LRV S ) LA SV P S+ {G (ol RO AR S 0 0 G Lo R e § 3 0w - R R 3 A

20°C. The intensity of egg color was observed after twenty five
days.

S T A
dule 44

Effects of temperature during the pupal period upon
the intensity of egg color

o ; Percent. of moths ;
Temp. Lotal ‘ . i SR . Mean

Races 7 number | | ' ) "degree of
in C o=+ H i Ht
of moths cxgs i cggs cgps | eggs ; eges { egg color
i
RPN SE— :
! 1 =
30 0 484 | o 144 - 14.67 ‘ 42.36 ! 4153 | W~
Shotea ; ! ‘ ; ; ‘
20 1 618 - 46,91 24.03 ‘ 1331 ! 1575 9] ———
20 | e 0 0 283 1977 | 7790 W
Tsunomata !

20 79 G 1.27 5.05 2025 7343 1t

In Shohaku, temperaturce during the pupal period proved an
important factor; at the high temperature the ‘eggs deposited
greater amount of pigment than at the low temperature. In the
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case of Tsunomata, on the other hand, temperature did not play
any important role for changing the intensity of egg color.

b)Y  Temperature after egg laving. Newly laid eggs to be light-
colored eggs were parcelled out into six lots and put into constant
temperature chambers at 20°, 25°, 20°, 15°, 13° and 11°C. Two lots
of these which were placed at 25° and 30°, were left there for three
days, the one lot at 20° was left there for five days, the ome at
15° for fifteen days, and the one at 1i° for twenty days, and
then they were all transferred to 13°C. The intensity of egg color
was Investigated on the twenty-fifth day after egg laying.

Table 25

Effects of temperature after the time of egg laying upon
the intensity of egg color
Temp. in C. .30 25 20 15 13 11
| 1
Mean degree of :
ege color ! - 1T = H it : H o~

The resuit shown in the above table is much different from
those in the case of the dark-colored eggs. As the lower tem-
perature used, the more intensive the egg color grew.

Another experiment was carried out in order to ascertain the
number of days needed to pass at 13°C. to cause the eggs to be-
come more intensive. Eggs of Showa were divided into six parts,
four of which werc kept at 13° and werc removed into 25°C.
every five days. Among the remaining two paris, the one was kept
at 13” and the other at 25° from the beginning of the experiment.
The intensity of egg color was examined on the thirtieth dav after
laying.

Table 26 _
ERelation between the number of days which passed at 13°C.

Davs which passed ‘ a 5 . 19 15 91 95
at 13° ; - | g = &
Mean degree of egg |
color i
|

+=H ! H~H A~ H e~ H~
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Eges placed at 13° for five days put on color to some degrec,
while those kept at that temperature for more than ten davs pro-
duced a considerable deal of pigment. These results harmonize
with the fact that the serosa formation takes two or three days at
a high temperature such as 25°, but takes about ten days at a low
temperature of 13°.

It is worthy of consideration that color variation caused by
temperature is limited to the light-colored eggs of the bivoltine and
univoltine races, but no pigment increases in those of the tetra-
voltine race,

II. Hibernation of Dark- and Light-colored Eggs

As stated previously, dark-colored eggs lie dormant, as a rule,
while the light-colored do not. This, however, does not hold true
for tetravoltine races, since WATANABE successfully changed a
majority, even all, of dark-colored eggs of the tetravoltine into
non-hibernating eggs by means of controlling the environmental
factors, especially temperature. Dark-colored eggs of the hivoltine
and univoltine have alse been sometimes observed to become non-
hibernating, On the other hand, light-colored eggs have heen be-
lieved never to be turned into hibernating eggs. I have, however,
succeeded in modifying some of the light-colored into hibernating
eggs, cspecially in those of the hivoltine and univoltine, Con-
sequently, it is possible to say that hibernation is not always deter-
mined by whether the eggs are colored darked or not, but is
partly determined by other conditions such as temperature.
Hibernating or non-hibernating eggs occurring in the dark-colored
or light-colored are scattered irregularly within the same batch,
their proportion bezing very variable by different batches even if
they were kept under uniform environmental conditions.

1, Production of Non-hibernating Eggs out of
the Dark-colored

In order to ascertain the pericd when the external agent works
most efficiently upon the production of non-hibernating eggs out of
the dark-colored, a great many trials were performed. Some more
important resulis are given below.
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A. Effects of Light and Temperature during Incubation

It has been believed by WATANARE ("24) that producing non-
hibernating eggs out of the dark-colored depends upon temperature
during incubation, that 18, a higher degree of their production is
followed by incubation at an intermediate temperature (20°) than
that at a higher temperature (25°C.). The results of my experi-
ments are somewhat different from this.

The races Shohakw, Showa, Tsunomata and Japanese No. 1 were
used as materials. Light and temperature during incubation were
varied according to races used; Shohakn and Showa were kept at
207 and 25°C. in the light and the dark, respectively, Tsunomata
at 20° in the light and the dark, and Japanese No. 1 at 15°C. in
the light and the dark. After egg laying all the lots were kept at
25° or 30°C. for about a month, and then left at the room tempera-
ture till the winter, when non-hibernating eggs were examined.

Table 27
" Effects of light and temperature during incubation upon

the production of non-hibernating eggs out of
the dark-colored

“

i = -
‘ Conditions of .
iicubation | Total number !

2}
1 . .
of dark-colored Mean percent. of

Races !m;emp 1 _iilgh‘é i egg batches non-hibernating eggs
in C. |conditions
og o light 183 135 £ 0.15
L l dark 517 i 1.83 £ 0.18
Shohakn [ ! !
95 . light 4106 ! 1.91 £ 024
! | dark I 153 1.90 £ 0.18
: i L light 254 C 198 £ 0.21
| dark 176 | 2.50 & 0.39
Showa ;
25 o light 257 268+ 0.37
i ? | dark 284 2.51 & 0.34
—_— e S m——— ‘ ,,,,, e
’ light | 164 | 1813131
1 sunomata’ 20 | i

i o dark | 111 © 2005 £ 1.66
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Japancse 1 light 154 (.25 £ 0.05

No, 1

[*3]

| darlk 157 0.13 £0.04

Table 27 shows that light and temperature during the incuba-
tion period have nothing to do with the production of non-
hibernating eggs out of the dark-colored.

B.  Effects of Temperature during the Pupal Period

WATANABE discovered in the tetravoltine that many more
dark-colored eggs are turned into non-hibernating eggs when kept
at a higher temperature during the pupal period. My experiments
were planned to pursue the influence of temperature upon the
occurrence of non-hibernating eggs out of the dark-colored in the
bivoltine, univoltine as well as the tetravoltine. The pupae were
divided into two groups, one of which was kept at a temperature of
30° or 28°, the other 20°C., and the eggs laid were placed at 25°C.

Table 28

Effects of temperature during the pupal period upon
the production of non - hibnerating eggs out
of the dark-colored

Total number of Mean percent. of

Races Temp. in C. dark-colored egg non-hibernating
batches eggs
30 i 251 0.20 £ 0.04
Shohaku | i
: 20 | 410 1.01 + 0.24
o | B ] S
30 T 535 _ 0.23 & 0.04
Showa | |
‘ 20 ; . 655 2.00 £ 0.21
[ B N N .
i |
23 i 60 . 98.07£ 057
Tsunomata) ! l
] 20 111 20.05 % 1.66
. " _
|
|
Jo— 30 120 . 008002
No. 1 20 157 0.73 % 0.04
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The data from these experiments show that the pupal stage
was one of the periods most sensible for environmental condi-
tions which might operate to make eggs non-hibernating, and
that temperature was an important agent in this connection. It is
also evident that the effect of temperaturc was not the same in
different races, namely, the low temperature gave a larger yield of
non-hibernating eggs than the high temperature in bivoltine and
univoltine races, while the high temperature resulted in a larger
number of non-hibernating eggs than the low temperature in
the tetravoltine in which the numerical proportion for both
temperatures was exceedingly high as compared with that in
others.

C. Effects of Temperature after the Time of Fgg Laying

As temperature was kept at 25°C. after the time of egg
laying, in the expsriments above mentioned, it may be suspected
if the temperature had an influence upon the production of non-
hibernating eggs in the egg period. To clear up this point the
following test was made. Eggs of bivoltine Shohaku, the parental
pupae of which were raised at a low temperature of 20°C. were
parcelled out into five parts and put into different temperatures,
30°, 25°, 20°, 15 and 13°C., respectively immediately after laying.
In tetravoltine Tsumomata, whose pupac had passed at a high
temperature of 30°C., the eggs laid were divided into four parts
and put into four different temperatures, the same except 13° as
in the foregoing series. Eggs of univoltine Japanese No. 1 from
the pupae which had been kept at 20°C., were treated in a similar
manner to Tsumomata. In cach series, the lots kept at 25° were
removed into 30° after three days, those kept at 20° after five
days, those kept at 153° after eight days, and those kept at 13°
after fifteen days. The lots kept at 307 and those removed from
lower temperatures were left for a month as they were, and then
they were returned to the natural environmental conditions. The
investigation in the winter offerred the following results.

Table 29

Effects of temperature after the time of egg laying upon
the production of non-hibernating eggs
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Total number of | Number of non- ! Percent. of non-

Rages: “Lemprin.i. dark-colored eggs | hibernating eggs | hibernating eggs

i l
|3 | 1550 1 47 3.03
- 1259 \ 29 ‘ 213
| |
Shohaky | 20 \ 995 1 16 161
|
| 15 | 992 ‘ 0 ‘ 0
!
13 1011 0 ! 0
L R
30 2783 22 l 0.79
Jupanese © B 2112 _ 17 0.80
Ne. 1 20 2617 12 0.46
s 2567 0 | 0
N S IS
30 | 1031 1031 100.00
: .
i 25 1017 : 967 g 95.08
Tsunomata) |
' T 1005 852 : 84.78
! i i
15 1214 420 e 34.60

As shown in Table 26, all the races experimented, changed a
considerable number of dark-colored ‘eggs into non-hibernating
ones, increasing the number with temperature, although the per-
centages in the bivoltine and univoltine were much less than those
in the tetravoltine. The high temperature of 30° was able to
make all eggs non-hibernating in the tetravoltine. On the con-
trary, all eggs were made hibernating in the bivoltine and univoltine
at the low temperature of 15° or 13°.

In the foregoing experiment, dark-colored eggs of the hivoltine
and univoltine were never turned into non-hibernating eggs, pro-
vided that eggs were kept either at 15°C. as long as for eight
days, or at 13°C. for fifteen days. We might harbor a doubt that
if they had been left at such low temperatures for a longer time,
some of the dark-colored eggs might have turned into non-
hibernating ones. The answer to this question is obtained from
the following experiment, in which eggs of Showa were kept for
forty days at five different temperatures, and then brought to
natural conditions.
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Table 30

Effects of temperature when _eggs were kept for forty davs
at five different temperatures

Number of non- | Percent. of non-

Temp. Total numiber of

in C. dark-colored eggs - hibernating cggs i hibernating eggs
30 2240 74 3.30

25 2123 1 53 239

20 2080 | 22 : 1.06

15 2528 130 I 514

13 2823 711 2519

When eggs were kept for forty days after laying at different
temperatures, an increasing number of non-hibernating eggs was

obtained with decreasing temperature below 20.°

Fggs of Showa were parcelled out into six lots; one lot was
placed in a constant temperature chamber of 25°C. and the other
five were put in at 15°C. and each of five lots was later removed
into 25° at 12 hours, one day, two days, three days, or four days,
respectively after egg laving. One more trial was carried out in
an opposite way, namely, that six lots were removed from 25°

into 13°C., and they were kept there as long as for forty days.

Table 31

The period to he affected by temperature after laving,
in the dark-colored eggs

Mani- Time when lots

pulation were removead dark-colored epps \ hibernating eggs | hibernating eggs
immediately 2267 | 72 318
12 hours 2318 59 2.55
from 15° one day 2620 . 18 .69
into 25° two days 2860 7 0.24
three days 2621 0 0
four davs 2716 ; 0 0
| I R

Total number of w Number of non- | Percent. of non-
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immediately i 4298 . 408 ;l 9.49
12 hours 4376 408 L 0.32
from 25° | one day | 4396 : 337 | 767
inte 13° . two days l 4388 ; 42 i 0.96
three days | 4462 L 8 ] 0.18
four days 4321 1 | 0.23

In the first trial, eggs removed from 13° into 25° at the end
of three days, hecome all hibernating. In the second trial, the lots
removed from 25° into 13° within a day after laying, resulted
in rather large numbers of non-hibernating eggs. We know thus
that the effective period for the occurrence of the non-hibernating
eggs extends over two or three days after deposition.

In another test, eggs of Showa and Tsiunomata, the parental
pupae of which were kept at two different temperatures, 30° and
20°C., were put in a temperature chamber of 13°C. and divided
into two parts, one was left there for fifteen days and the other
for forty days. Then the eggs were brought into 25°C., and after
a month they were exposed to the room temperature till the winter,
when the number of non-hibernating eggs out of the dark-colored
were counted.

Table 32

Effects of temperature during the pupal period with special
reference to the duration to keep the eggs at 13°C.

2491 168 1879

& I I
Temp. in C. Duration  : Totalnumber: Numberof ' Percent. of
Races during the in days i of dark- | non-hibernat- non-hibernat-
pupal period ; at 13¢ colored eggs | ing epgs ing eges
am by y w_— PR L s Te: © iene
’ 15 { 2603 0 0
i 30 | !
40 l 3048 : 311 10,20
Showa | ! |
15 ! 2696 1 : 0.04
2 | :
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: i |
{ 15 8001 382 L72
i 30 -
Feunp | : 40 8564 3067 35.81
mata i 15 8797 | 2 0.02
| 20 40 8969 | 2115 23.58

In Showa, the eggs of short duration never turned out to be
non-hibernating eggs, while those of long duration produced a
large number of them, although they were more abundant in the
iots which were kept at the low temperature during the pupal
period than those at the high temperature. In Tsunomata, when
the pupal period was kept at the low temperature, a smaller
number resulted than at the high temperature. But it was found
concerning duration that a decidedly larger number of non-hibernat-
ing eggs resulted in long duration than in short duration.

2. Production of Ilibernating Eggs out of the Light-colored

It has been believed that light-colored eggs are by no means
capable of hibernation. This is probably because the eggs had
been exposed to a comparatively high temperature after deposition,
and not treated with a low temperature, or they had been, if any,
treated too late. I have succeeded in ascertaining that temperature
during the pupal period and immediately after egg laying make
some light-colored eggs hibernate.

A. Effects of Temperature during the Pupal Period

Pupae of Shohaku, Showa, Tsunomata and FEuropean No. 9,
were subjected to a high (28° or 30°C.) and a low (20°C.) tem-
peratures throughout the pupal period. Immediately after laying,
eges of each race were kept at 13°C. as long as fifteen or twenty
days. In the winter, the hibernating eggs were examined; the
results are given below,

Table 33

Iffects of temperature during the pupal period upon the
production of hibernating eggs out of the light-colored
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| Total number oty percent. of

Races Temp. in C, i light-colored H i )
i G ; hibernating eggs
| batches =
\ : 28 ! 149 . 1681 £1.36
Shohaku ! i
} 20 _ 153 7.14 = 0.83
| I R | .
a0 481 28.76 £ 0.87
Showa
20 [ 616 16.71 £ 0.65
! ; ="
30 ‘ 97 ! 0.26 £ 0.08
Tsunomata | '
20 ‘ 122 2.39 4= 0.58
30 19 62.58
Enropean No. 9
: 20 B 41.87

It is clearly shown in the table that temperature during the
pupal period stands in close connection with the occurrence of
hibernating eggs. The percentages of hibernating eggs and effects
of temperature upon them were, however, much different by races.
" Shohaku, Showa and European No. 9, the low temperature favored
the occurrence of non-hibernating eggs, while the high temperature
conduced to hibernation. This relation was reversed in Tsunomata.

B. Effects of Temperature after the Tine
of Egg Laying

Since the eggs were kept at 13°C. after laying in the foregoing
experiments, temperature during this period might have affected
the production of hibernating eggs. To elucidate this point, eggs
of Shewa and Tsunomata were divided into six (in Showa) or five
parts (in Tsuncmata) immediately after laying. Each part of Showa
was at once brought into different chambers of 30°, 25%, 20°, 15°,
i3° and 11°C. Each lot of Tsunomata was put into one of the
same temperature chambers, except 11°C. as in Showa. In both
cases, eggs in 11° were conveyed into the 25° chamber after
twenty davs, those in 13° after fifteen days, those in 15° after ten
days, those in 20° after five days, and those in 30° after three
days. They were placed there for thirty days.
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Table 34

Effects of temperature after the time of ecgg laying upon
the production of hibernating eggs

: ..— Gz e e s :
| : ¢ Total number of Number of : Percent. of
AGER | Teng.in £ I light-colored eggs | hibernating eggs ' hibernating egus

30 | 878 9 0
25 875 0 0
R 20 : 922 . 3 _ 0.33
15 958 108 _ 11.27
| 13 } 923 ' 554 ' 50.02
i 901 901 100.00
\ | [ ‘ -
80 2002 T 0 0
25 i 1943 0 0
Toumomata 20 | 2266 : 0 ‘ 0
5| 2424 | 40 j 1.63
| 6.79

13 2181 ; 148

The information to be obtained from this table is that lower
temperatures gave more production of hibernating eggs, and the
percentages were different in two races, being higher in Showea than
in Tsunomata.

To examine how long the susceptible period does last, eggs of
Nisshin were divided into six parts at once after laying, and kept
for five, ten, fifteen, twenty, thirty or forty days, respectively, in a
chamber at 13°C. As a result, the lot of fifteen days attained the
highest percentage, while those of either shorter or longer duration
than this gave rise to lower percentages (Table 35).

A test was performed to detect the developmental stage of the
embryo which is most sensitive for the production of hibernating
eggs, FEggs of Showa were laid in a 25°C. chamber and they
were parcelled out into five lots ; the first was brought immediately
after laying, the second at 12 hours, and others every day, into
13°C. All the lots were removed again into the 25° chamber
after twenty days (Table 36).
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Table 35

Effects of the number of days kept at i3°C. upon the
production of hibernating eggs

Number of days i Total number of Numnber of Percent. of
at 13° light-colored eggs  hibernating eggs | hibernating eggs
5 i 1938 0 0

10 2037 295 : 14.53

15 ; 1841 , 471 25.58

20 1788 ' 469 22.88

30 ; 1695 ! 269 15.87

40 | 1828 E 113 613
: I i —

Table 36

The period to be affected by temperature after laying,
in the light-colored eggs

Time when lots | 1500 numper of Number of Percent. of

\\'01}%{; %O;VC'J light-colored eggs | hibernating eggs  hibernating egus
immediately ‘ 1979 943 4765
12 hours ‘ 2365 886 37.62
one day ‘ 2461 268 I 10.89
twa days 2117 23 i 132
three days : 2242 0 0

The occurrence of hibernating eggs was less numerous when
older cmbryos were exposed to the low temperaturc, in the lots
at 25° for two davs or more, little or no hibernating eggs resulted.
Thus we know that the production of hibernating eggs out of the
light-colored depends upon temperature in pupal and egg periods,
and in the egg period, the first two days only being susceptible
to the temperature effect.
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I1I1. General Cousideration of Hibernation and Egg Color in
the Silkworm Eggs

1, Problem of Hibernation

Several hypotheses on the phenomenon of hibernation or dor-
mancy of insects have hitherto been presented by many authors,
stch as Roupaxp (‘22), TownNsEwD ('26), PARKER and THOMPSON
{('27), SHELFORD ('27), SPOONER ("27), and RosinsoN (28). But none
of them is, it seems to me, sufficient to explain the very complex
phenomenon in question. )

Concerning the silkworm a physico-chemical explanation has
been made public by WATANABE and UmEYA. WATANABE {"24) took
granted the existence of an * inhibitory substance” in the ecggs
destined to hibernate, which UmEYA {'26) called a “ voltinism-deter-
miner.”  On the other hand, [ believe in the presence of two distinet
substances, i.e., a “first hibernation substance” and a “ second
hibernation substance,” the former being analogous to the inhibi-
tory substance or voltinism-determiner of the enumerated authors.

The first hibernation substance principally determines egg color,
ie., dark- or light-colored, but it exerts, at the same time, a con-
siderable effect on the hibernating character. While the second
hibernation substance has chiefly to do withr hibernation of eggs,
it affects also egg color. The first hibernation substance is affected
by light and temperature during the incubation, larval and pupal
periods, while the second hibernation substance is influenced by
temperature only after pupation.

2. On the First Hibernation Substance

The effects of light and temperature upon the production of

the dark- and light-colored eggs, will he summarized with

reference to the different types of wvoltinism, in the following
tahle.

Table 37

The production of the dark- and light-colored eggs as
influenced by light and temperature
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Conditions [ Conditions ~ Conditions during ;
Voltinism!  during | during the | the later larval Results
" incubation ‘earlier stadia_and pupal periods

N I‘ woh, Jior i :ods 9 - 1
28;, c]ark ‘ high, Jight | low, dark dark-colored egues only
2d’, light  low, dark high, light dark-colored eges only
| | i o
20°. dark | high, light ! low, dark dark-colored (more; and
Bivoltine | 75 ]'(!}lt i ‘ light-colored {less) eggs
» £ ‘ low, dark high, light dark-colored (less) and

light-colored (more) egys

high, light low, dark light-colored eggs only
15°, dark ;
- dow, dark, high, light | light-colored eggs only
g |
T . Y, | o Lo e
high. light | low. dark dark-colored eggs only

28°, dark ;

24%, light | low, dark high, light dark-colored eggs only

5 , high, light ‘ low, dark ! dark-colored {more} and
” 20° arik ol s | u . 2
Te‘gr(y-: 1‘5)’ ﬂ'n;llt ‘ | iight-colored (less) eggs
voltine » g low. dark ! high, light | dark-colored {less) and
' L ) i light-colored (more; eggs_
! ‘ !
high, light low, dark + light-colored eggs only
15°, dark
; fow, dark high, light : light-colored eggs only
90°, dark | high, Hght low, dark dark-colored eggs only
157, light | low, dark high, light  dark-colored eggs only
Univoltine - -~ ; :
: ‘ high, light tow, dark dark-colored {majority; and
15°, dark light-colored ia few) eggs
; . low, dark high, light dark-colored (somewhat
iess: and light-colored

! ) \ | (somewhat more} eggs

“High" designares a temperature of 30° or 28° and “low,” 20°C. *Light”
shows an intensity of light of about 0.5 F.C. and “dark.” perfect darkness.

Either embryos, larvae or pupae which have a definite deal
of the first hibernation substance develop into moths laying dark-
colored eggs, while those which have none or a little of it develop
into moths laying light-colored eggs.

There are distinct racial characteristics with respect to the
first hibernation substance. In the bivoltine and tetravoltine, the
substance is produced abundantly only by means of the light
and the high temperature incubation, while the univoltine has
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plenty of it as shown in the fact that this race usually gives
rise to a complete number of moths laying dark-colored eggs at any
incubation temperature, except 15°C. in the dark. TIf eggs of the
bivoltine and tetravoltine are incubated under the intermediate con-
ditions (20° dark or 15°C. light), and those of the univoltine at 15°
in the dark, two kinds of moths, onz laying dark-colored and the
other laving light-colored eggs, are produced. The first hihernation
substance does not seem to be produced in these cases, sufficiently
to cause all moths to lay dark-colored eggs, for some of them lay
light- colored eggs, owing to the individual variations of amount of
the substance. The individuals provided with a medium amount
of the substance are affected by the environmental conditions
after hailching. Namely, if they were reared either at high tem-
perature in the light during the earlier larval stadia or at low
temperature in the dark during the later larval and pupal stages,
more moths laying dark-colored eggs result.

As stated previously, the distinction between the dark-colored
and the light-colored 1s clear, notwithstanding the fact that among
one kind slight variations of the coloration can be found. It may
be said, therefore, that there is a limit of the amount of the sub-
stance above which the dark-colored cccur, while below it the
light-colored are produced.

The environmental stimuli during both the incubation and the
carlier larval periods, can be regarded as working in the same
direction; high temperature and light resulting in a greater amount
of the substance, their effects are at a maximum at the stage
from the blastokinesis to the tracheal formation of the embryo,
decreasing gradually up to the end of the third Iarval stadium.
In the pointed stage of the embryo, blood cells differentiate from
the mesoderm and increase in number suddenly. Both the incuba-
tion period and the ecarlier larval stadia may be called, so to
speak, an “anabolic” pericd for the substance, accumulating in
the body fluid of the silkworm through the effect of high tem-
perature and light.

Next we come to the first hibernation substance during the
later larval stadia and pupal period. This period is affected by
environmental stimuli as follows:—Low temperature and darkness
favor the proeduction of moths laying dark-colored eggs, but high
temperature and light do not. WATANABE believes in an accelerated
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production of the inhibitory substance by low temperature and no
effectiveness of high temperature in this point. 1 am, however, of
the opinion that low temperature and darkness during this period
never accelerate the production of the substance in the body
finid, but high temperature and light tend to destroy it. In other
words, the later period of the life history of the silkworm tnay
possibly be indicated as a “ catabolic™ period. In explanation of
my opinion that the individuals which might accumulate a definite
amount of the substance by virtue of bigh temperature and light
during the egg and the earlier larval stages, no longer increase the
amount during the later larval and the pupal life by low tem-
perature and darkness, but reduce it under high temperature and
light, the following data are presented.

a) The mixed batches arc produced under the intermediate
conditions during incubation and in the case where pupae are kept
at high temperature in the light. The eggs in the egg-tubes,
develop from the lower parts toward the termini successively
during the pupal period. The majority of pupae developed from
the eggs which were under the intermediate conditions of incuba-
tion, should lie near the critical boundary to become moths laying
either dark- or light-colored eggs, so that light and temperature,
during the maturation period of egg-cells, may cause the occur
rence of the mixed batches. FEven the individuals which carry a
sufficient quantity of the substance to lay dark-colored eggs in
the anabolic period, under high temperature and light in the cata-
holic period, mav be turned into moths laying the mixed batches,
by making the final deposit light-colored, the earlier deposit
being dark-colored. Even if low temperature and darkness might
be kept throughout pupal period, the individuals having the smaller
quantity of the substance could produce by no means the mixed
batches, because low temperature and darkness could never in-
crease the amount of the substance during that period.

b} The color grades of the dark-colored cggs are much in-
fluenced by temperature during the pupal period and after cgg
laving., After laying, the temperature range from 15° to 20°C. has
been found most effective to make the egg color more intensive,
as the temperature gozs up or down the [arther from that range,
the less grows the intensity of egg color, and the cffective period
is confined to two or threc days after laying.
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It is possible that when pupae are kept at high temperature,
those which have a smaller quantity of the first hibernation sub-
stance are apt to twn into moths laying light-colored eggs, and
those which contain larger amount lay the dark-colored ones, but
they are less intensive in color as comparcd with those kept
at low temperature. These results run parallel to MATSUMURA'S
observation that tyrosinase in blood of the silkworm larvae is
greatest In its action at 15° or 20°C., and it grows weaker and
weaker according to the degree of divergence from those optimum
temperatures.

3. On the Second Hibernation Substance

The occurrence of hibernating or non-hibernating eggs out of
the dark-colored or light-colored has been announced. The numerial
rate varics with temperature after pupation. The different rates
of non-hibernating eggs out of the dark-colored and those of
hibernating eggs out of the light-colored may be tabulated as
follows :

able 48

Comparison of the proportion of hibernating or non-hibernating
eggs out of the dark- or light-colored as influenced by temperature

Temperature | Temperature | Proportion of Proportion of
Voltinism during the after cgy non-hibernating ¢ hibernating eggs
| il Berod hying eggs out of the out of the
i B * dark-colored | light-colored
‘ H
high + —
} high ]
| low — H
Bivoltine | :
; high ++ e
; low
I low ; - +H
! . s B |
high i : -
| high ;
iow + i s
Tetravoltine : ‘
high H —
low
low ) - ‘ +
£ |
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‘ high — ‘ +
high
low . - it
Univoltine
high + -
low ;
low - i

“High"” designates 30°C. in the pupal period and higher than 25°C. in eggs,
while “low " indicates 20°C. in pupae and lower than 15°C. for ten days in
cggs. Symbol — indicates the smallest, #if the largest, and the others designate
the intermediate rates in succession.

It will be seen that the production of hibernating eggs from
the dark-colored is parallel to that for hibernating eggs out of the
light-colored, and that both the bivoltine and univoltine differ from
the tetravoltine with respect to the way that temperature during
the pupal period influences hibernation.

The Bivoltine (including the Univoltine)

The bivoltine produces more hibernating eggs at high tem-
perature during the pupal period and at low temperature after egg
laying than the opposite conditions. Since the hibernation takes
place differently according to individual eggs within the same
batch and its modification is due to the conditions aftér pupation,
we cannot help assuming that the second hibernation substance is
produced at the time of maturation of eggs. As the eggs are
hable to become non-hibernating at a certain temperature during
two days after laying, the substance might be influenced even in
this period.

The Tetravoltine

The tetravoltine deveclops no greater tendency towards hiberna-
tion or it has a smaller quantity of the second hibernation sub-
stance inherently than the bivoltine, The most susceptible period
to the cnvironmental factors for becoming non-hibernating is
the pupal period in the tetravoltine, in contrast to the bivoltine
in which the period is immediately after egg laying. In other
words, the tetravoltine has a longer range of the susceptible period
to high temperature which acts to prevent hibernation than the
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bivoltine, that is from the beginning of the pupal period till two
days after laying. '

The fact that the occurrence of hibernating eggs is variable
not only according to individuals within a batch, but also among
the different batches, is to bz explained likewise in the bivoltine.

4. Interrelation between the Grades of Egg Color and
' Hibernation of the Eggs

The variation of coloration in dark- and light-colored eggs, is
contrasted with the proportion of hibernating eggs in the following
table.

_ Table 35
Corﬁpariéon of the grades of egg color with the rates of
hibernating eggs in the biveltine (including the
univoltine} and the tetravoltine

) Bivoltine ‘ Tetravoltine
Temperature | — e =
: Temperature —
Egg color | during the ‘ k) - rates of rates of
. pupal period | afterlaving i’iidff‘ﬁf_ i hibernat- ; i’rf,idff]ff hibernat-
| R DR | ing eggs | ey SRR . Ing eggs
= 2y | 3
- | ! ! |
i high + oW b+ —
high i :
Dark. | low L1 S S .
colored high H H H . H
low ;
low il H H ! 1t
JU— S e . . : — OIS S S |
high e - it —
high
Light- low ;M H H -
colored high _ __ W s
low : i
Tow : +H + Hi i +

At a glance over this table, we know that the dark-colored
usually produce more hibernating cggs than the light-colored do.
This shows that the first hibernation substance largely accompanies
the hibernation of the silkworm eggs.

Examined furiher, in dark-colored eggs of the tetravoltine, the
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grades of egg color run parallel to hibernation ; the more intensive
color results in a greater number of hibernating cggs. On the
other hand the color grades of the dark-colored of the bivoltine
do not always determine the numerical proportion of hibernation;
that is, when the pupa is kept at a lower temperature, egg color
grows more intensive, while the number ¢f hibernating eggs grows
less. This fact may be interpreted by a conception that the
changes in the amount of the first and second hibernation sub-
stances take place in opposite directions in the pupal peried. If
the pupa is reared at high temperature, the first hibernation sub-
stance decreases catabolicly and lightens c¢gg color, while the
second hibernation substance increases and causes the eggs to
hibernate.

In light-colored eggs of the bivoltine, the proportion of hiber-
nating eggs is accompanied by an intensity of egg color.

a) After laving, egg color of the light-colored gets more
intensive, however at low temperature within the range of 11° to
30°C the number of hibernating eggs tends to increase. '

b) Light-colored eggs kept under similar environmental con-
ditions usually display some color variations by batches. The eggs
of Showa deposited by moths coming from the incubation at 15°C.
in the dark, showed the following variations in the color and
hibernating characters. '

Table 40

Color variation of light-colored eggs and the number
of hibernating eggs

Grades of egg color R 1 W m
: i i 1

Number of hatches 15 | 49 ‘ 87 72
Percent. of hibernating eges | 3.90 I 2087 3767 6152

¢) When the pupa is kept at high temperature, the color
of the light-colored grows more intensive and hibernating eggs
more frequent. '

d) The color grades of light-colored eggs are different by
batches as in the case of dark-colored eggs. In addition to this,
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the color variation can be seen among the individuals in the same
batch.

On the ground of the facts above enumerated, I venture to
suggest that the second hibernation substance exerts some influence
upon the intensity of egg color. At the same time it is con-
ceivable that whatever amount of the second hibernation substance
produced in dark-colored eggs may be, the color grades induced
by means of the first hibernation substance dominates that of
the second substance. Accordingly, the color variation of the
dark-colored eggs does not depend upon the amount of the second
substance, but upon that of the first substance. On the other
hand, the color variation of light-colored eggs depends upon the
amount of the second hibernation substance, because the light-
colored have lttle or no amount of the first substance so that
the less intensive coloration by the second substance manifest its
proper tone.

Light-colored eggs of the tetravoltine contain a greater guan-
tity of pigment in comparison with those of the bivoltine. As the
tetravoltine have little or no amount of the second hibernation
substance, their egg color should depend upon other pigment than
that contained by the light-colored of the hivoltine. Although it
is not yet clear what sort of pigment it is, it is by no means
affected by temperature during the pupal period and after egg )
laying.

5. Characteristics of the Three Types of Voltinism

The bivoltine and tetravoltine differ from the univoltine with
respect to the production of dark- and light-colored cggs. The
univoltine is less ready to lay light-colored eggs than the bivoltine
and tetravoltine.

As stated previously, the coloring character of the eggs is for
the most part controlled by the amount of the first hibernation
substance. If the univoltine may possibly be a strongly coloring
type, the bivoltine and tetravoltine are a weakly coloring type,
because while the former has a large amount of the first hiberna-
tion substance, the latter two have a smaller amount.

Although the bivoltine and tetravoltine may have the same
tendency for the coloring character, a little discrepancy is re-
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cognized between them ; namely that the former gives more easily
dark-colored eggs than the latter. Further among different races of
the same type of voltinism, there may be found some variability.
For example, among the bivoltine races, Shohaku shows a higher
percentage of dark-colored eggs than Showae. The small differences
may bz due to the variations of hereditary amount of the first
hibernation substance.

The bivoltine and univoltine are quite different from the tetra-
voltine, the former two being likely to turn out non-hibernating,
when the pupae were kept at low temperature, and the latter being
ready to produce hibernating eggs under the same condition. The
former two, as pointed out already, have a great deal of the second
hibernation substance and the latter little or none. Among the
races of the former type, however, there are some slight differences,
presumably hereditary, as is the case between the bivoltine and
univoltine,

Summary of Part I

1. There exist two kinds of sitkworm eggs, the dark-colored
which bear dark violet pigment within the egg serosa, and the
light-colored, which have little or no pigment.

2. The production of moths laving dark-colored and light-
colored eggs depends mostly upeon light and temperature during
incubation. The response is varied according to the different types
of voltinism. The bivoltine and tetravoltine cause nearly all the
maoths to lay dark-colored eggs when incubated at temperatures
above 24°C. and in the light intensity of 0.5 F.C., while they al-
ways produce moths laying light-colored eggs at 15°C in the dark.
On the other hand, the univoltine never bring forth moths laying
light-colored eggs, except that an extremely small number of them
results from incubation at 15° in the dark.

The embryonic period which presents a high degree of sus-
ceptibility to light and temperature lies at the time when blood
cells differentiate. If the bivoltine and tetravoltine are subjected
to a temperature of 15° in the dark for fifteen days, only light-
colored eggs result, and if subjected to 20°C. in the light for five
days, a greater number of dark-colored eggs is produced.

3. When eggs of the bivoltine and tetravoltine are incubated
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under intermediate conditions (at 15° in the light, or 20° in at the
dark), and those of the wunivoltine are incubated at 15° in the
dark, the effects of light and temperature are still recognized in
the following periods.

a) The earlier larval stadia (the first, second and third): If
kept at 28° or 30°C. and in the light intensity of about 0.5 F.C,,
the larvae turn out, for the most part, into moths laying dark-
colored eggs, and if kept at 20° in the dark, more moths laying
light-colored eggs develop.

b} The later larval instars (the fourth and fifth) and the
pupae become more frequently moths laving light-colored eggs
under high temperature and light than under low temperature and
darkness.

4. The effects of light and temperature during incubation and
the earlier larval stadia, upon the production of dark-colored and
light-colored eggs are enumerated as follows :—a) If incubation 18
performed at 20°C., the light mntensity above (.0085 F.C., or at
15°C., the light intensity above 0.0136 F.C. favors the production
of moths laving dark-colored eggs. The number of light-colored
eggs increases as the light intensity decreases within the men-
tioned intensity limits. During the larval period the lower light
intensity limit 1s about 0.077 F.C. b) Longer wave-lengths of
light than 5500 A have no effect upon the production of dark-
colored eggs, likewise in darkness, while shorter wave-lengths
than this show a distinct effect upon it, as the white light does.
c) Thirteen hours or less exposure to daylight results in a nearly
equal number of moths laying light-colored eggs as in continuous
darkness. Above fourteen hours, the longer exposure produces
the more moths laying dark-colored eggs. During incubation, at
a temperature above 20°, more than sixteen hours exposure, and
at 15°, more than eighteen hours exposure, and during the larval
period, more than eighteen hours exposure result in the same
number of moths laying dark-colored eggs as continuous light
causes.

H. Though the batch of eggs produced by a silkworm moth
is, as a rule, uniform in color, mixed hatches, dark- and light-
colored are met with. They occur; a) when the bivoltine and
tetravoltine are incubated under intermediate conditions or the
univoltine at low temperature and in the dark; b) when the pupa



Light and Temperature on Characters of Silkworm 67

i kept at high temperature and in the light, presumably because
these conditions affect the final deposits and make them light-
colored.

6. Small color variations cccur both in the dark-colored and
the Hght-colored; a) when the pupae are subjected to a high
temperature (30°) in the case of the dark-colored, or to a low
temperature (20°) in the light-colored, more intensive egg color is
produced; b) if the eggs to be dark-colored are kept at 20° for
two or three days after laying or those to be the light-coloved are
kept at 13°C. for about ten days after layving, the intensity of egg color
becomes exceedingly strong, the farther the divergence from that
temperature, the weaker the egg color grows within the range 11°
to 30°C.

7. Either the dark- or light-colored can be hibernating or
non-hibernating eggs. The occurrence of non-hibernating cggs out
of the dark-colored and that of hibernating eggs out of the light-
colored does not depend upon light and temperature during incuba-
tion, but upon the following conditions: a) In the bivoltine and univol-
tine, more hibernating eggs resuft if the pupa is kept at 30°C. than
at 20°. This is reversed in the tetravoltine. bh) When the eggs are
subjected to 13° for fifteen days immediately after laying, more
hibernating eggs are produced than when kept at 23° for two days
or at 13° for more than twenty davs. c¢) In the bivoltine and
univoltine, most favorable conditions give about 10 per cent of non-
hibernating c¢ggs out of the dark-colered, and more than 50 per
cent of hibernating eggs out of the light-colored. It is possible
in the tetravoltine to make ail the dark-colored eggs non-hiber-
nating, while the light-colored do not hibernate more than an
exceedingly small number in any case.

%, Hibernation of the silkworm eggs depends upon two dif-
ferent factors, i.e., the first hibernation substance and the second
hibernation substance, as I have designated them :-— a) The first
substance is affected most strongly by light and temperature during
the incubation pcriod, but slightly in the larval and pupal stages,
while the second substance is influenced by temperature only,
during the pupal stage and after laying. b) The first substance is
uniformly distributed to all eggs laid by the same moth. in contrast
to the second substance, which differs in amount not only in dif-
ferent moths but also in different eggs within the same hatch.
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9. Igg color, dark or light, is determined by the amount of the
first hibernation substance. The larvac provided with a definite
amount of the substance turn into mcths laying dark-colored eggs,
hut under that limit they give light-colored eggs. The embrvonic
stage and earlier larval stadia are called by the present author an
anabolic period for the substance, while the later larval stadia and
the pupal stage are designated as a catabolic period.

10. Hibernation of both dark- and light-colored cgps is gov-
crned by the amount of the second hibernation substance. This
substance is increased in amount during the pupal period by
means of high temperature. In the case of all races experimented
with—during the first or days following egg laying—there was mani-
fested a high degree of susceptibility to the environmental stimuli.
This was also {rue in the pupal stage in the tetravslting. In both
cases the second substance may be destroyved by high temperature.

1i. The first hibernation substance has a great connection with
hibernation of eggs in addition two the egg color. The second
hibernation substance also controls, besides the hibernation, the cgg
color variation.

12, Three types of voltinism are distinguishable as regards
the amount of the first and second hibernation substances.

VelEnism Amount of the first Amount of the second
hibernation substance hibernation substance
Univoltine much much
Bivoltine scanty much
Tetravoltine scanty scanty

Some small variations are met with among different races of
the same type of voltinism.

PART II
INFLUENCE ON THE NUMBER OF MCLTS
Historical Review

It has already been established that the number of molts of
insects is very variable, and that the number of ecdyses may be
due to some physical cause.

Tack of food is one of the most effective agents for causing
excessive molts. BARNES and GROVE ('16) mentioned that the
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number of molts in Trogoderma granarivm, Triboliuwe castancunt,
and Lathetics oryvzge 1s dependent on their nutritive conditions, In
Tenebrio wmolifor, different numbers of molts, which might have
been caused by different nutritive conditions, were described by
Howary ('56), HEN ('23) and others. A more convincing instance
on this point was noted by TriTscHack (“26). According to him,
the larva of Tineola biselliella has from four to forty molts, the
number varying with the amount of food given. In predaceous
insects, also, the number of stages in their larval life seems to he
varied by means of changing the kinds of food, as is observed in
Sphodromantis bioculeta (PrziBRAM and MEGUSAR '12), Baétis posti-
catus (MURPHY '22) and Dwtiscus marginalis (BLUNCK "23).

In the winged insects, especially Lepidoptera, the number of
molts is dependent upon the climate. WENIGER noticed an interest-
ing instance; the larvae of Awntheraea myliitte and Ceralocampa
imperialis have six stages under normal conditions, but have five
stages, iLe., molt four times only when reared in a warmer,
moister atomosphere. As to the number of molts of Affacus
cecropia, RILEY recorded five and WAILLY six stages. As pointed
out by DiMMock (’88), the above mentioned facts may be due to
climatic influences. The larva of Callosamia promethew molts but
three times in warmer climate, as stated by EbDwARDS, it has four
times according to LINTNER, who reared it in a northern province
of America (DIMMOCK ‘88).

PrzisraM {in Sphodromeantis) and . H. and C. H. SEVERINS
('13) {in Diapheromera femorata) have stated that temperature plays
an important role in changing the number of molts ; a low tempera-
ture decreases and a high temperature increascs the number of molts,
Baryes and Grove also called attention to the fact that some larvae
of Twogoderma reared in the arid season molt but four or five times,
while those reared in the rainy season molt five to seven times.

In the silkworm, the larvae molt generally four times. Not a
few among them have three or five molts, being designated by
the name of a three- or five-malter.  These variations are by no
means found simultaneously under the same conditions,

As fo the occurrence of the five-molter, some rzsults have
bheen obtained by Niwa ('11), Karo (711), Yoxora {12), KAWASE
and Kawrasawa (“14), Sarar ('26), and Nacamorl {*27). They at-
tributed the cause either to the volcanic ash sprinkled on mulberry
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leaves or to a lower food ration. The appearance of accidental
three-molters is more frequent than that of five-molters, never-
theless very little has been known of the exact cause of the
occurrence of three-mollers.  Isurwarta (‘00), Ikepa (‘11) and
Tanaxka ('17) conceived the idea that the larvae bred under warm
and moist conditions with good nutrition, tend to be three-molters.
Recently MaTsuMuRA ("29), and Oxusnl and JiBIKI ("2%) found that
some of the larvae molt only three times when reared at higher
temperatures than 28°C.

I have been concerned in studying the effect of light and tem-
perature on the appearance of three-molters, moisture being kept
constant, and have come to the conclusion that light as well as
temperature play an important réle in changing the number of the
molts of the silkworm.

Materials and Mcthods

The races usced in these experiments were Showa, Nisshin,
Okusa, Chinese Ne. 105, Chinese No, 4, and Shinano-echakiu, a Euro-
pean race bred in the Wagano-ken Sericultural Experiment Station,
and hvbrids between some of them. They had not been studied
in particular as regards the molting character, bhut they were all
four molting breeds. The eggs of each batch of the same race
were divided into a number of approximately equal parts, as in
Part 1. [First count of the three- and four-molters were made at
the end of the fourth stadium in the larval life, and the second
after pupation. The results obtained in the different races showed
fairly good agreement, neglecting a small difference in the rate of
three -molters.

The light source was Mazda tungsten 5 and 10 C.P. lamps
covered with heat-absorbing glass plates, the distance from them
being 1.0 m. in case of incubation and 1.5 m. in case of rearing. The
light intensity was controlled as about 0.5 F.C. Rearing trays and
ray filters used were the same as used in the preceding cxperi-
ments. The temperatures were not varied over 0.5°C. from the
desired points throughout the experiments. For the experiments
of the incubation period, the larvae were reared at from 30° to
35°C., and the eggs for the experiments of the larval period were
incubated at 20°C. as a rule. Since moisture might influence the
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appearance of the three-molter, humidity was always maintained
between 80 and 90 por cent during the course of experiments.
An effort was made to give an equal quantity and similar quality
of food for all lots of the same experiment. The leaves were
mostly gathered from two mulberry races, Kairyonezumigaeshi and
Kanraso.

Experimental Results

1. Occurrence of the Three-molter as influenced by Light and
Temperature during the Incubation Period

A. Effects of Light

ay Light and darknress As a preliminary to more extensive
experiments numerous trials were made of light and darkness. The
experiment was done on six different occasions, with fairly constant
results which arc shown in Table 41. More than 13 per cent of
three-molters were obtained in the dark, that is twice as many as
resulted in the light.

Table 41

Effects of light and darkness upon the occurrence of the
three-molter during the incubation period

i — - - i - '— & < res o
Light conditions . 1Tvumberof the | Number of the Pemem of the

|
‘ three- molte i four-molter | three- molter
T | :
light ! 220 ‘ 4013 ‘ 5.20
|
|
dark : 566 ! 3567 ; 13.69

b) Length of davy Since, in the foregoing cxperiment, light
appeared to bhe unfavorable to the occurrence of the three-molter,
other trials were carried out to detect whether the relative length
of day would have any connection with their appearance. The
eggs, after being divided into five parts, were incubated. These
parts were alloted to lots having the alternation of 18 hours of
light and 6 hours of darkness, 12 hours of light and 12 hours
of darkness, 6 hours of light and 18 hours of darkness, and two
fots of continuous light and continuous darkness. The same
experiments undertaken twice showed results in agreement.
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Table 42

Effects of the length of day upon the occurrence of the
three-molter during the incubation period

. Number of the

Percent. of the

Length of day Number of the

three-molter ; four-molter three-molter
continuous darkness - 238 | 1305 ' 15.42
6 hours light ' 9215 1 1275 : 14.43
12 hours light 220 i 1397 ‘ 13.61
18 hours light 115 ‘ 1176 891
continuous light : 97 1072 ; 8.30

About twice as many three-molters were produced under cither
continuous darkness or less than 12 hours exposure to light as
under either continuous light or 18 hours light.

Another detailed experiment, to asceitain photoperiodisin in
the occurrence of the three-mwolter, was carried out in six lots.
Four alloted to increased daily exposure to light by three hours
from 12 up to 21 hours, and the remaining two to the controls,
continuous light and continuous darkness. The results wil be

seen in the following table.

Table 43

Effects of more than 12 hours daily exposure to light upon
the rate of occurrence of the three-molter during
the incubation period

Number of the Number of the = Percent. of the

Langth iof day three-molter four-molter three-maolter
continuous darkness ‘ 31 716 ‘ 436
12 hours light 44 ‘ 812 i 5.14
15 hours light ‘ 3 | 723 ! 0.41
18 hours light 0 725 / Q
21 hours light i 1 : 771 0.13

contiuuous light ! 1 : 6410 0.16
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The table shows that more than 15 hours gave exceedingly
small numbers of three-molters, while continuous darkness and
12 hours light favored their occurrence.

¢) Wave-lengths of light The eggs, after being parcelled out
into five lots, were incubated in different boxes with various ray
filters. The boxes were arranged to relatively equalize the total
radiation energy througn various glass plates, and were kept at
different distances, as mentioned in the studies on hibernation.
Four sets of similar experiments may be summarized as follows.

Three-molters were produced most abundantly in the red,
crange-veliow and dark, while very scantily in the violet and white,
as may be seen from Table 44. In other words, larger wave-
lengths of light than 25500 f{, which the orange-vellow glass plate
permits, act similarly to darkness, whiie those below that limitation
inhibit the appearance of the three-molfer.

Table 44

Effects of light rays of different filters upon the occurrence
of the three-molter during the incubation period

[

R I ey B W T
ANUILper vl Le ANULgeL o1 e

Ray filters three-molter forLrlri'-Ar;c;l ter : ?;i’::gtn;glt;m
dark : 222 : 3692 J 5.67
red 2154 j' 3263 j 451
vrunge-yellow - 197 j 3434 1 5.43
violet 85 ; 35556 j 233
white 48 l 3688 j 1.28

d) Period of the cmbryo to be affected by light The eggs,
after passing into the next year ol oviposition, were parcelled out
into five lots. The incubation of all the lots was begun at once
in the dark, at a constant temperature of 20°C. The first lot was

rought to the light on the first day, the second on the fourth day,
the third on the ecighth day, the fourth on the twelfth day and
the last was drawn out on the sixteenth day, when most of the
eggs had hatched out. The stages of the embryonic development
were examined from outside or taking off the egg-shell.
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The lots brought into the light on the first and fourth days,
‘before the blastokinesis of the embrvo, were able to produce less
numbers of three-molters than the others undergoing less exposure,
as shown in Table 43. '

Table 45

Results of the experiment in which the lots were moved from
darkness ‘into light at different stages of the embryo

Y

Date on which | Number of Nnmber of Number of Percent. of

lots were brought! days in the ! the the the
B to the light light i three-molter I four-molter ‘ threg-molﬁer

s 16 3. 2 ¢ 100

a1z 1 gz o

8th 8 : 19 ; 529 3.47

12th 1 ‘ 28 521 ! 5.10

leth | o | 27 | 149 { 567

The embryo hatches out in a day or two after the embryonic
body is completed. During this period the eggs may be refrigerated
at a low temperature of less than 10°C. in order to suppress hatch-
ng, as commonly performed by sericulturists. I separated the eggs
into two parts, one of which was exposed to light and the other
kept dark, both being left for ten days at 7°C. The results ob-
tained from four trials, show that the lots exposed to light pro-
duced 19.65 per cent of three-molters in the mean, while the
darkened resulted in 12.81 per cent.

From the facts above dsscribed, we assumec that light acts
in the period subseguent to the completion of the embryo, con-
trary to its effect during the proceding period of incubation.

B. Effects of Temperature

a) Incubation temperatuve Four degrees of temperature, 30°,
25°, 20° and 15°C. were used. The eggs in the hibernating state,
were divided into four lots and were refrigerated at 0°C. To cause
the eggs to hatch out on the same day, the eggs which were to be
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incubated at the lower temperatures, were taken out carlier from
the refrigerator. The light was the same under different tempera-
tures, but no attempt was made to keep it constant. The trials
were carried out four times. '

Table 46

Effects of different temperatures upon the occurrence of the
three-molter during the incubation period

Incubaticn temp. " Number of the | Number of the ‘ Percent. of the

in C. i three-molter ‘ four-molter : three-molter
o L . | IO v N
30 ' a4 2083 114
25 19 ! 2567 187
20 294 : 2085 12.52
i

At 20°, more than 12 per cent turned into threc-molters, and
at 15°, about 4 per cent resulted. At the temperatures above 25°,
the number of three-molters decreased exceedingly.

b)Y Period of the embrvo fo be affected by temperature To
know what stages of the emhbryo are more affected by temperature,.
the experiment was performed thrice in removing eggs from a
temperature of 25° into that of 15°C. at different stages of the
embryo. Among five experimental lots. the first was alloted to
the control which was placed at 15° from the beginning of incuba-
tion, the second was removed from 25° into 15° on the third day,
the third on the sixth day, the fourth on the ninth day, and the
last was kept at 25° throughout the incubation period. These lots
were treated to make the eges hatch oul on the same day, and
the experiment was carried out under the condition of darkness.
The results obtained will be seen in the following table.

Table 47

Results of the experiment in which each lot was removed
from 25° into 15°C,
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Date on which Number of ‘ Number of I Number of Percent. of
lots were days at ! the : the the
moved into 15 15° ‘ three-molter © four-molter three-molter
" —_ N . PR ‘ . ,I i - = REO—
1st 30 8 1836 043
3rd 22 15 1383 1.07
Bth 16 ‘ 42 809 | 227
9th 5 : 38 1716 217
11th 0 26 2035 1.26

The lots which were moved on thg sixth and ninth days re-
sulted in higher percentages of three-molters, while in other lots
they were very scanty. Namely, the low temperature of 15° from
the beginning of incubation, as well as the high temperature of 25°
throughout the timc of incubation, exerted little effect upon the
appearance of the three-molter.

In this experiment, the state of the embryo on the sixth day
was that of blastokinesis. It may be said, therefore, that the high
temperature before the blastokinesis as well as the low tempera-
ture after that stage are both favorable for the production of
three-molters.

According to the data above given, it is possible to recognize
three developmental stages responding differently to light and tem-
perature. The first stage ranges from the beginning up to the
blastokinesis in which high temperature conduces to the production
of the three-molter ; the third stage succeeding to the completion
of the embryo is favored by light for producing it; the second
stage intervening the above two is negatively affected by light and
temperature.

C. Concurrent and Amntagonisiic Action of Light and
Temperature during the Incubation Period

Four different temperatures, 30°, 25°, 20° and 15°C., were used.
The eges were divided into two lots for each temperature, one
kept light, the other dark. The results of the two extensive tests
are represented, in the aggregate, in Table 48.
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Table 48

Effects of light and temperature combined during the incubation
period upon the occurrence of the three-molter

. e e (
Conditions of mcubdtwnm Number of the ° Number of the  Percent. of the

temp. in cl light conditions three-molter four-molter three-molter
_ i o i I .
! \
30 light 13 i 1018 1.26
darlk : 11 ‘ 1065 ; 1.02
05 light ‘ 21 : 1261 ‘ 164
dark 28 | 1306 H 2.10
) Tight 9 ’ 1146 ' 7.08
20 ! s
. dark 204 i 889 18.66
15 light 22 938 2.29
' ! dark 28 1068 5.15

The. difference between light and darkness was negligible at
30°, while it was considerable at the other three temperatures, es-
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Fig. 1. Variation of three-molter percentages in case of incubation. The broken
line represents values obtained in the light; the solid line, those in the dark.
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pecially at 20°. With respect to temperature, 20° showed highest
percentages, 15° gave more three-molters than those of 25° and
30° (Fig. 1).

2. Occurrence of the Three-molter as influenced by Light and
Temperature during the Larval Period

A, Effects of Light

a) Light and darkness The first and second instars of one
series of lots were reared in the light, and those of the other
series in the dark. In the first group, the different lots were
reared at different temperatures above 30°C. They gave, in average,
12.56 per cent of three-molters in the light and 2.43 per cent
in the dark. In these cases light acted positively for producing
three-molters.

In the second group, the different lots were reared at different
temperatures, below 23°C. They resulted in 0.36 per cent of
three-molters in the light, and i.06 per cent in the dark. Here
darkness was more favorable for the production of the three-
molter than light, though the difference was very small.

b) Length of day Relative length of daily exposure to light also
may result in different ways according to the temperature under
which the earlier larval stadia were kept. At a temperature above
30°C., the larvae in the first and second stadia were parcelled out
into nine lots, the first of which was kept in continuous darkness,
the second in alternating 3 hours light and 21 hours darkness, the
other lots increasing light exposure daily by 3 hours successively,
and the last was kept in continuous light. The experiment was
performed nine times with the results given in Table 49.

As is to be seen from this table, there is no definite photo-
periodism for the appearance of the three-molter. Below 12 hours
lighte xposure, very small numbers of three-molters occurred. An
exposure of 15 hours or it showed a larger number increasing
with the daily exposure, and attaining the maximum in continuous
light.

The second test was carried out In the same manner, except
that the first and second instars were reared below 28°C. (Table 30).
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Table 49

Effects of the length of day upon the occurrence of the
three-molter, when the earlier larval stadia were
reared above 30°C.

Number of the Number of the Percent. of the

Lengthof day three-molter four-molter three-molter
continuous darkness 47 i 8935 0.52
3 hours light 47 ! 8419 0.56
& hours light 3 70 9035 ' 0.77
9 hours light €9 8897 | 0.77
12 hours light 105 9381 J 111
15 hours light 172 9156 : 184
18 hours light 217 8F85 244
21 hours light 467 7611 ; 5.78
continuous light 623 E 8046 | 7.19
Table 50

Effects of the length of day upon the occurrence of the three-
molter, when the earlicr larval stadia were kept below 28°C,

Number of the Number of the | Percent. of the

Tengtliof day i three-molter four-molter ~ three-molter

continuons darkness 3 : 72 0.34

3 hours ligut : 5 900 0.55

6 hours light 3 703 0.38

Y hours light 4 800 0.50

12 hours light 1 822 0.12

15 hours light 0 799 ]

18 hours light ; o0 812 Q
21 hours light () 8R4 0
continuous light 4] 896 : 0
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A few three-molters appeared in less than 13 hours light ex-
posure, but none in more than 15 hours exposure.

In the third experiment, different races were reared in dif-
ferent seasons of the vear than the proceeding trials. The first
and second instars were reared below 28°C. and then separated
into nine Jots, one of which was kept in continuous darkness,
seven in more than 12 hours light exposure increasing hour by
hour up to 15 hours, and the rest in continuous light. The experi-
ment was performed on two different occasions, with results which
are tabulated. below.

Table 51

Effects of the length of day during the carlier larval stadia upon
the occurrence of the three-molter, in the case of more than
i2 hours exposure, the temperature being kept below 28°C.

Lothot any | Ngmieole  Nmbeofie Pt ol e
continuous darkness | 19 . 1178 | 159
12 hours light 7 €0 1121 5.08
13 hours light 32 1079 i 2.88
14 hours light : 18 | 1182 150
15 hours light 0 ‘ 1050 0.85
16 hours light | v : 1227 i 0.57
17 hours light 5 1251 0.71
18 hours light 9 1200 ‘ 0.74
19 hours light 15 1208 1.23
continuous light 6 1195 : S (.50

The very great excess of the three-molter was recognized in
less than 13 hours light over that of more than 15 hours light.
Below 28°, the photoperiodism is distinct, namely the limit of daily
exposure at which an equal or more numbers of the three-molter
to be obtained as in continuous darkness, rests at 12 or 13 hours

exposure to light.
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c) Wave-lengths of light The first and second instars were
divided into five lots, the first lot of which was kept dark, the
second in red rays, the third in orange-yellow, the fourth in violet,
and the fifth in white. The temperature was the same in the five
lots. (Table 52.)

The results obtained on ten different occasions were quite dif-
ferent acccording to temperatures, high (above 30°C.) and low {below
28°C.). At the temperature above 30°, larger numbers of larvae reared
in the violet and white rays underwent three molts in the larval life,
while very few did so under the rcd, orange-vellow and darkened
conditions. On the other hand, at the temperature below 28° no
three-molter was found in the violet and white rays, and a few
appeared in the red, in the orange-yellow as well as in the dark.
In short the rays longer than 5500 A which is transmissible by
the orange-yellow plate, seem to favor the production of the threc-
molter below 28°, while the rays of shorter wave-lengths conduce
to it above 30°,

Table 52

Effects of light rays of different filters upon the occurrence of
the three-molter during the earlier larval stadia

Number of the I Number of the Percent. of the

Rc:lring i Ray filters |
temp in C. E three-molter | four-molter i three-molter
5 dark 67 2566 ; 254
! i
i red 146 2727 , 5.08
Above 30° } orange-yellow 143 2568 5.27
' violet 31 2357 14.23
l white 368 2588 12,45
i ‘
dark ‘ 1 564 0.183
red : 2 ' 638 5 0.31
Below 28° ‘ orange-yellow 1 (47 l 0.15
' violet : 0 504 0

white 0 { 501 0
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d) Changes of light conditions and the larval siadia. The
rates of the appearance of the three-molter seem to vary with
diffcrent larval stadia. At 30°C., six lots of larvoc were subjected
to light during different stadia. The other larval stadia than those
subjected to light, were reared under a dark condition.

Table 53

Results of the experiment to determine the effect of light and
the larval stadia upon the occurrence of the three-molter

Number of the = Nuwmber of the . Percent. of the

Stadia exposed toleht - three-molter four-molter i three-molter
stadium 1 light ‘ 19 ‘ 822 ‘ 2.31
stadium 2 light 23 | 812 2,75
stadium 3 light i 11 820 132
stadia 1+ 2 light 12 . 695 ‘ 3.70
stadia 24 3 light | 33 776 1.08

stadia 1+ 243 light " 72 €15 10.48

Light exerted a greater effect in the first and sccond stadia
than in the third. If subiected to light for any two successive
stadia, the effect was more prominent than for any one stadium,
The lots kept Tight from the first to third stadia displayed the highest
percentages of the three-molter.

Another experiment showed that no three-molter appcared
when the fourth stadium was kept light and the other stadia were
reared in darkness.

B. Ejffects of Temperature

a)  Different temperaiures  Since, lower temperatures than
28°C., in the foregoing ecxperiments, appeared to be unfavorable
to the production of the three-molter, while higher temperatures
than 30° vesulted in higher percentages of it, four different tem-
peratures, 35, 307, 25" and 20°C.,, were used, for the first and
second instars in this experiment., The trials were made on four
different occasions, and light conditions were uniform in any one
experiment, but different from one to another. The results showed
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in average, 5.90 per cent of the three-molter at 35°, 4.50 per cent
at 30°, but none at all below 25°,

b) High temperature and the larval stadia The larvae in the
earler larval stadia were divided into four lots, each of which was
reared at 35°C. during one of the different stadia, the other stadia
than thosc subjected to the high temperature being kept at 25°C.
The similar experiments were carried out twice in the light.

Table 54

Results of the experiment to determine the effect of high
temperature and the larval stadia up on the occurrence
of the three-molter

Stadia kcpt at Miiibeeof tha

| l\umber of the Per(‘(_nt of th(_
high temp. E three-molter E four-molter three-molter
studium 1 high ! 2 j 1251 ‘ G.15
stadium 2 high | 71 | 1327 | 5.08
stadium 3 high ‘ 14 1122 1.23
stadium 1 high

0 1084 0

The results are in agreement with those obtained from the
experiment made in connection with light; the effect of tempera-
ture in the first and second instars was clearly seen, but it was
slight in the third and there was none in the fourth instars.

C. Concurrent and Antagonistic Action of Light and
Temperature during the Larval Period

Four lots of larvae in the earlier larval stadia from the first
to third, were placed at temperatures of 35°, 31°, 27° and 23°C,,
respectively.  For each temperature the larvae were divided into
two lots, one kept in the light, the other in the dark. The re
sults are recorded in Table 55. No three-molter was found at
23°C., but the higher the temperature, the more three-molters re-
sulted. Quite in harmony with the facts described in the previous
sections, darkness favored the appearance of the three-molter, at
27°C,, while light was much more conducive to their production
at the higher temperatures.
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Table 55

Effects of light and temperature combined during the Iarval
period upon the occurrence of the three-molter

“Conditions of rearing the | |

2O i
earlier instars Number of the | Number of the ‘ Parcent. of the
temp. in C! Jight conditions * three-molter four-molter three-molter
35 light 115 1323 8.00
dark 39 1158 3.26
o © light 17 _ 1298 1.29
darls 7 i 1564 | 0.45
97 light 1 | 1197 .08
! dark 3 \ 1427 0.2t
|
54 light 0 1447 ‘ 0
- dark | 0 o e 0
’i
% ‘!
8.0} /!
6.0F f-"
l.‘.
4.0 z .
’ /
2.0%
L |

g9 — o7 31 35 Temp, inC.

Fig. 2. The ecifects of light and temperature during the larval life on the
percentages of the three-molter. The broken line represents values ob-
tained in the light; the solid line, those in the dark.
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If the results obtained in the light and those in the dark are
analyzed, it may be seen that the proportion of the three-molter
18 dependent on temperature, and it advances by leaps under light
as compared with that in darkness (Fig. 2).

3. Sex-ratio of the Three-molter

The interrelation between the number of molts and the sex-
ratio was discussed hy such authors as KLATT (‘08), RiLEY, HENLLIN
(DiMMock [88), BARNES and Grove ('i6), and TITscHACK ('26).
They noticed a sexual difference as regards the number of molts
in certain species of insects, the female under going more molts
than the male. In the silkworm, SAKAI (26}, among others, ob-
served most extensively the sex of five-molters caused by the
volcanic ash, and noted that the percentage of males was very
variable with a mean of 46.06 per cent.

I scrutinized the sex of 646 three-molters and found them
consisting of 216 males and 130 females, i.e., 79.88 per cent of
males. The four-molters from which the three-molters in question
came, gave a scx-ratio of 45.15 per cent of males among 3859
larvae. The four-molters and three-molters being considered as
a whole, the sex-ratio was 50.34 per cent, the actual number of
males being 2268, and that of females 2237, 1t is evident, therefore,
that the male has a tendency to be the three-molter.

4. Racial Difference of Rates of the Appearance of
the Three-molter

The rates of the appearance of the three-molter were very
variable in the above mentioned experiments. This is perhaps
duec to the fact that the races used were not inbred with regard
to the genetical constitution for the three-molting character.

[t scems that the three-moiters occur a little oftener in Chinese
races than in Japanese and European races. The F, hybrids be-
tween different Chinese races and those between a Chinese and a
Japanese or European usually give rise to more three-molters than
the parental races do.
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On the Cause of the Molting

It has been believed that the ecdysis of insects has relation to
their growth. PrziBRAM ('12) advocated that in Sphodromantis the
doubling of the body weight induced molting, and later, in Carau-
sins wmovosus, a similar idea was advocated by TITSCHACK ('24) and
EibMaNK ('24). Later TITSCHACK ('26) observed cases of ecdyses
of the larva in Tineola biselliela without any growth. EIDMANN
also denied any definite connection between growth and molting,
ascertaining that the inner pressure of the body has no relation
to the ecdysis.

- TITSCHACK is of the opinion that the ecdysis of insects should
be regarded as the process of anagenesis, serving as physical
counteraction ; the greater the amount the more often the larva
molts. This is why that the molting 13 more frequent in the
female than in the male. He ascertained that the intervals between
molts are unusually extended in case of bad nutrition, by virtue
of the prolongation of counteraction, TITSCHACK's hypothesis is, it
seems to me, insufficient to fully explain the fact that the number
of molts is increased and the larval life is prolonged with the
lowering of nutrition, notwithstanding the decrease of the total
amount of anagenesis in this case. ‘

The respiratory quotient of the silkworm 1is calculated by
Kawask ("14) as 0.7 or thereabouts, throughout the entire life
history. If carbohydrates are chiefly burned, as stated by HiraA-
TSUKA ('20) during the larval period, the quotient ought to show a
much higher value. The unusually lowered quotient seems to sug-
gest the formation of certain oxides other than carbon dioxide
within the body. The molting fluid contains a large amount of
oxalates as well as proteins (PLoTNIKOW ‘04, ScHULZE '12). As the
oxalates are oxides, that is, the end products in the metabolic
process, it may be said that the definite quantitative accumulation
of the oxalic salts irritates the larva and causes molting.

Although NAGAMORI insists that dryness causes an excessive
number of molts, I am inclined to attribute his results to lowered
nutrition due to the withering of mulberry leaves. According to
KAawask, by starvation the larva losses its body weight gradually,
and the carbon dioxide output and ‘oxygen consumption drop in
a large measure with the result that the respiratory quotient
decreases.
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Table 56

Respiratory quotient of the larva in the fourth stadium
in starvation

e =L | = [y T — ' - s P
Time of star- ! Number of - Body weightJ 0, consumed CO, output = Respiratory

vation in hours’  larvae in gr. in cm. i incm. = quotient
15 ‘ 100 \ 2247 4235 3056 0.722
0 100 2223 | 3270 1944 . 0504
63 1 100 | 2117, 2377 | 1483 ' 0575
| ;

The decrease of the respiratory quotient by starvation is due
to the great quantity of oxygen remaining free. The excess
oxygen should induce an abnormal accumulation of oxides, which
may have some connection with the appearance of the five-molter.

SAKAT believes the third stadium most conducive to the pro-
duction of five-molters in lack of food. NAGAMORI insists that the
first stadium is most influential on this, becoming less and less as
the stadium advances up to the end of the third. However dif-
ferent the opinion of the two investigators may be, they agree in
this that it is prior to the third stadium of the larva that lack of
food increases the number of meolts. ' '

In the respiratory quotient little difference is found in the
earlier and later instars. According to HIRATSUKA, less quantity
of fat is reserved in the earlier stadia than in the later instars.
From this point of view, the respiratory quotient should be higher
in the former than in the latter. The actual depression of the
guotient in the earlier instars must induce a condition similar to
the case of starvation. Thus some oxides other than carbon
dioxide are produced in excess during this period, which gives rise
to an excessive number of molts.

In regards to the cccurrence of three-molters out of the four-
molting strain, climatic influences, especially light and temperature,
are most effective agents, putting aside the nutritive conditions
for a moment. The first and second stadia show the highest
sensibility to light and temperature upon producing the three-molter.
During that period, at temperatures higher than 30°C. light favors
the appearance of the threc-molter. At temperatures below 28°C,,
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however, light gives a little less three-molters than darkness. This
phenomenon is difficult to explain at present.

The reduction in the number of molts is partially due to the
influence of light and temperature during egg incubation. If dark-
ness and the temperature of 20° or 15°C. are kept throughout the
period from the biastokinesis to the completion of the embryo, a
larger number of the three-molting larvae results than in the light
and higher temperatures. TITSCHACK stated that temperature has
nothing to do with varving the number of molts of Tineola, and
that this may be amplified to some insects, for instance, Sphodyro-
mantis, Trogederma, etc., although several -authors insisted on its
effectiveness. However TITSCHACK may deny a change in the
number of molts caused by the climate, one must consider the
facts pointed out by DiMMmocK and the results obtained by the
present author. _

From what is mentioned above, the number of molts of insects
is changed in two ways, one adds to the normal number of molts,
the other diminishes it. In the former, lack of food is one of the
primary agents, while, in the latter, climatic influences play an
important role in lepidopterous larvae. 1 cannot answer, at this
moment, the question whether any decrease in quantity of the
metabolic end product gives rise to a deficient number of molts,
as the five-molter is produced by accumulating oxides, because we
have no full knowledge of the metabolism of the silkworm larva
at different temperatures. The problem of the differences by races,
inbred and outbred, and by stages of the life history, embryonic
and larval, regarding the molting numbers in the silkworm, also
must be postponed until more complete data arc accumulated.

Summary of Part IT

1. The occurrence of the three-molter out of the four-molting
races is influenced by light and temperature during incubation in
the following ways. a) It occurs more frequently at 20°, less at
15°, with very few at 25° and 30°C. At the temperatures between
15° and 25°, darkness is more favorable than light for producing
three-molters. b) At 12 hours or less exposure to light, the re-
sults are equal to those in the dark, while 15 hours or more ex-
posure proves as effective as the continuous light. c¢) The rays of
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the wave-lengths larger than 5500 A have no inhibitory action,
but those of the smaller wave-lengths have. d) From the be-
ginning of incubation to the blastokinesis of the embryo and dur-
ing one or two days after the completion of the embrye, high
temperature and light are more conducive to the three-molter
than low temperature and darkness. In the intermediate period
from the blastokinesis to the completion of the embryvo, however,
light and temperature act in a directly opposite way.

2. The occurrence of the three-molter mostly depends upon
light and temperature during the larval period. It varies under
the following conditions. a) When temperature rises, the number
of the three-molters increases, more rapidly in the light than in
the dark. b) Below 28°C., the rays larger than 5500 f&, and above

4l Lrerm B TP P +ho thaenn

30°, the rays smaller than that favor the production of the three-
molter. ¢) Below 28°C. less than 12 hours exposure to light is
more favorable to the production of the three-molter, while above
30°, the more the daily exposure, the larger the resulting produc-
tion, d) The effects of light and temperature are greatest in the
first and second stadia, less in the third, with none in the fourth
stadium. [If subjected to high temperature and light from the first
to the third stadium, a maximum effect results.

3. The three-molters caused by light and temperature involve
more males than females, representing a sex-ratio of about 80 per
cent males.

4. TIn the hvbrids between anyv two different races, the rate
of the appearance of the three-molter is generally larger than in
pure races. Racial differences were also observed.

5 The molting of insects is due to the accumulation of cer-
tain metabolic end products such as oxides.

6. The variability of the number of molts of insects is seen
in two ways as shown below: a) The increase of molts is mostly
caused by lack of food. b) The decrease of them is mainly de
pendent upon climatic influences, especially upon light and tem-
perature.
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