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INTRODUCTION 

Studies of the Effects of light and temperature on organisms 
have been 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 t!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 si lkworm, Bombyx mori, such as egg color, 
hibernation and larval molts. The different stages in the life-cycle 
of the sil kworm 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· 
p~riment Station. I wish to express my thanks for the laboratory 
facilities provided by Mr. Z. MrzUI, Director of the Nagano-ken 
Sericultural Experiment Station. I am most deeply indebted to 
Prof. Y. TAl'AKA for his stimulating guidance throughout the course 
of the work and for looking through the manuscript. Thanks are 
also due to Dr. H. ITo, Professor of the Imperial Tokyo Sericultural 
College, for encouragement and constructive criticism concerning 
Part II, and to Dr. K. WATANABE, expert of the Imperial Sericul· 
tural Experiment Station, for valuable advices given by him regarding 
the investigation of Part 1. 

PART I 

INFLUENCE ON HIBERNATION AND EGG COLOR 

Historical Review 

Although the problem of voltinism of insects has been discussed 
by many autbors, the resul ts obtained by them arc 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 ('IS). 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· 
blcm of voltinism with the corn borer discussed by CRAWFORD 
('22) and BARBER ('25). BABCOCK ('27) found that moisture was 
the most important factor in this connection and concluded 
that there is a progressive adaptation. or acclimatization. to new 
conditions when the animal invades ,"eW areas. HAMLIN ('23) re­
ported that the pyralid moth brought about the development of three 
annual generations instead of tv/c, as usual, under adaptive condi-
tions. The problem of hibernation of house and stable flies was 
quoted by ROUBA.ND ('22) in connection with that of voltinism. 
The same problem was dwelt on by PICARD ('27). ROUBAND ex­
plained the dormancy in the various insects worked with as due 
to an auto - intoxication caused by the uric excretion in the adipose 
tissue. ROBINSON (,29) 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 polyphemus moth, that the physiological state resulting 
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 voltinism of the silkworm, there 
exists a great amount of literature. Some of them may be worthy 
of note. TOYAMA ('06) observed the phenomenon of maternal in­
heritance by means of crossing univoltine and bivoltine races; 
later MCCRACKE'l ('09), CASTLE (,10), TOYAMA ('13), DE (,15), 
CLEGHORN (,18), lTDA ('23), TA'lAKA ('24), WATANABE ('24) and 
lTMEYA ('26) took part in the same genetical research. WATA.NABE 
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 that only when the 
eggs were incubated in a low temperature, e.g., 20°C., temperature 
during either the larval or pupal life influences the percentage of 
hibernating eggs in the next generation. The sericulturist, how­
ever, knows by experience that even when subjected to a high 
temperature of 25°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) , MrZUNO ('25) and UMEYA ('28). Ac­
cording to them, a dry 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. WATANABE ('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, I have been studying the effects of light upon 
hibernation and egg color, and have ascertained that light modifies 
the type of Yoltinism, accompanying the alteration of egg color. I 
have, therefore, pursued the effects of light in combination with 
temperature on voltinism and egg color in different races during 
t he larval, pupal as well as embryonic periods of the silkworm. 

WATi\)lABE 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 ~erosa several 
days after laying arc hibernating and light· colored eggs having 
little or no pigment in the serosa do not hibernate. I have, how~ 
ever, discovered that dark· colored eggs are not necessarily hiber~ 

nating, and a proportion of light~colored eggs m:ly, in certain 
circumstances, be capable of hibernation. From this fact, I would 
postnlate two suostances concerning hibernation in the silkworm 
eggs, 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 bivoltine races I preferred two races, Showa, a Chinese, 
and Shohalm, a Japanese bivoltinc, 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 Shohalw, tetra· 
voltine Tsunomata and univoltine Japanese No.1, were used. In 
a few cases Okusa and Nisshin, Japanese bivoltine races. and Euro~ 
peaJl No.9) univolti:12 race 1 vvere used. 

Eggs of bivoltine and tetravoltine races were reirigerated at 
2.5°C. from winter till the beginning of incubation, and the univoltine 
eggs at O°C. In most cases, I 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 dar k ~ 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 ti ll 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 experiments. 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 screened by a heat-absorbing glass 
plate 4.5 mm. thick. The light incubation was made in boxes. the 
lop of which covered by a transparent glass plate. The dark 
incubation 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 Email holes for ventilation. 
In cases of the dark rearing, feeding etc. was operated severa l 
times a day in the dark room under a red lamp. The results 
obtained by this way showed no difference with the cases where 
all operations were carried out in a dark room. Pupae 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 EO 
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 cxpcrimcntallots. 

Experimental Results 
I. Production of Dark- and Light-colored Egg!'! 

1. Stages to be influenced by Light and Temperature 

Although WATANABE took the dark· colored for hibernating 
eggs, and the light-colored for non-hibernating ones, he showed 
that every batch of eggs laid by moths of bivoltine and tetravoltine 
races was completely dark -colored by 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 (20DC.) or a high 
(30°C.) temperature during the larval and pupal periods, when eggs 
\Vere 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 possible due to the effect of light which 
was put out of consideration in his experiments. I intended to 
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 Showa 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 a.m. 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 number of eggs were fixed and preserved for observation 
of embryos. 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 

Date on 
which lots 

..... ere 
brou,J.!ht to 

---.!~e light 

2nd 

4th 

Cth 

8th 

10th 

11th 

12th 

13th 

14th 

15th 

I ( th 

N umber of moths 

Cb l k,COloredllight-colored 
eg~s eggs 

Percent. of 
moths laying 
dark -colored I 

eggs ! 
----- -----1"-

45 

71 

59 

78 

(5 

45 

52 

51 

32 

(5 

61 

I 

I 

4 

3 

8 

13 

2R 

:33 

97.83 

98.61 

93.65 

96.30 

98.48 

84.91 

80.00 

1'4.56 

49.23 

58.0·1 

60.40 

State of development of the 
embryo at the time , ... ·hen it 

was brought to the light 

Thoracic legs appeared. 

The embryo began to con­
tract. 

The blClstokinesis of the em­
bryo setting in. 

The embry'o in the course of 
blastoldn~is. 

The blastokinesis completed. 

The tracheae differentiated, 
the mouth parts beg~m to 
be colored. 

The head colored, setae ap­
peared. 

The embryo nearly full deve­
loped, integument colored. 

The coloring denser, ocelli 
visible. 

About one-hal f of eggs hat­
ched out. 

l\1ost of e~gs hatched ouL 

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 lots brought to the light on the fou rth 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. 
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Table 2 

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

Date on 
which lots 
\\ere put 
into the 

riark 

,llh 

5th 

fth 

7th 

8th 

9th 

10th 

11th 

12th 

I 
Number of moths I Percent of 

- --1-- - --, moths laying 
dark-colored'ljght-colored! dark-colored 

eggs eggs I eggs 
1-- -~~-

35 

47 

37 

49 

89 

76 

87 

C6 

,17 

72 

27 

8 

3 

o 

:3 

8·[ 1 ________ ' _____ ._1 

3-1.65 

50.00 

E4A7 

91.73 

90.20 

100.00 

95.83 

98.82 

Slate of development of the 
embryo at the time when it 

was put into the dark 

The embryo in the course of 
blastokinesi:=:. 

The blastokinesis finished 
completely. 

The mouth parts colored. 

The tracheae differentiated. 

The head colored. 

The integulTlent colored. 

The embryo advanced to the 
stale about to hatch. 

Most of eggs h3.tched out. 

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 onc after 
another every 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 treated as above, the remaining 
two being the controls, i.e., continuous light and continuous dark­
ness. Temperature was kept at 20 cC. constantly during the in­
cubation period. 

At 20°, five days were enough to let moths lay dark-colored 
eggs, whilst three days were somewhat insufficient thereof The 
fact that the most effedive 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 
r:xposed at a temperature of 20°C. 

Date vn whicll lots 
were bmug ht to 

the lig ht 

--_ .. -
5th 

6th 

7th 

8th 

9th 

lOth 

11tb 

con tinuous light 

conti nuous J .. ukness 

5th 

(th 

7th 

~th 

9th 

lOt.h 

11th 

continuous light 

continlloll!> darkness 

Number of moths Percent. of 
: moths laying: . Number of 

! davs j l l the 
- light J ark ·colored light ·colon.!d : dark·colored 

eggs egg~ I eggs 
------ ----- -

3 9·1 -1 95.92 

3 82 S 91.11 

3 7,1 '; 92.S(! 

3 99 4 9S.12 

:1 102 7 93.58 

:J 87 oS 94.57 

:1 97 10 D:H5 

H 79 0 IOO.nO 

0 5·! :H 61.:36 

~-.--.- -"'-1 ---. 
5 120 

I 
1 99.17 

5 151 0 100.00 

5 162 0 100.00 

5 136 0 100.00 

5 127 4 95.95 

·1 H9 2 9S. f S 

3 102 21 82.93 

1-1 114 0 100.00 

0 67 CO 52.'16 

--. . --. . -----.. --.~----- .•. ---.---

Another experiment was performed with twelve batches of 
Shohakn 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 varying number of days in which the embryo 
was kept in the dark at a temperature of 15°C. 

Number of moths Date on which lots 
were put into the 

dark 

Number of 
days in tne 

dark 

i---··- .. _-.-
dark-colored! light-colored 

eggs eggs 

7th 10 23 42 

10th 10 10 51 

1:1th 10 12 59 

16th 9 27 39 

continuous light ; 0 61 34 

continU:U.Sdark~ess I 26 0 54 
... __ 1_ ... . _----- ' --- - ,. 

, 

7th 15 10 79 

10th 15 80 

13th 13 2 93 

1Eth 9 21 (8 

continuous light 0 71 40 

continuous darkness 26 0 92 
.. _._-

Percent. of 
moths laying 
dark-colored 

eggs 

35.38 

16.39 

16.9J 

·10.91 

[4.21 

0 

11.24 

1.23 

2.04 

23.(0 

E3.9S 

0 

As shown in Table '1, 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 
succeeded in producing as many moths laying light . colored eggs. 

In 1928, eggs of Shohaku and Tsunomata 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 
year, eggs of Shohaku and ShoUJa were divided into six parts, 
every two of which were kept at 25°, 20°, and 15°C. Four parts 
of eggs of Japanese 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 m 
Table 5. 

Table 5 

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

laying dark· colored eggs 

Year and 
season 

1928 
Spring 

1929 
Spring 

1929 
Spring 

1929 
Autumn 

Races 

Shohaku 

Shohaku 

Showa 

Shcwa 

Conditions of 
incubation 

Number of moths 

dark-
temp. 
in C. 

light colored 
condition eggs 

28 

24 

20 

15 

25 

20 

15 

25 

20 

15 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

I '---1- ligh~--

23 dark 

20 

15 

light 
dark 

light 
dark 

232 
278 

250 
239 

134 
52 

152 
o 

67 
44 

82 
108 

118 
1 

39 
3·! 

43 
41 

3·! 
o 

257 
285 

367 
176 

187 
o 

light­
colored 

eggs 

o 
2 

o 
21 

4 
121 

67 
194 

o 
12 

4 
48 

46 
85 

o 
5 

4 
20 

17 
52 

o 
4 

a 
59 

115 
304 

i 
, Percent. of 

moths laying 
dark-colored 

eggs 

100.00 
99.29 

100.00 
91.92 

97.10 
30.06 

(9.41 
o 

10000 
78.57 

95.35 
[9.23 

71.95 
1.16 

100.00 
87.18 

91.49 
07.21 

66.67 
o 

100.00 
98.62 

100.00 
74.89 

61.92 
o 
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28 light 28 0 l()O.OO 
dark C6 9 88.00 

I Tsutlomatai 
2'[ light 48 0 100.00 

1928 dark 43 8 8'l.31 
Spring light 20 49 Hi 75.;18 

dark 3 f8 4.2" 

15 light 58 :\8 (0.42 
dark 0 73 (1 

---_.- .- ---------~.-.~.-

, , 

i I 20 light 177 0 lOO.DU 

1929 

I 
japanese I 

dark 164 () ]('1.00 

Spring .;\'0. 1 ! 
light 106 0 100.00 15 dark 149 13 91.98 I 

I --.. ~-~--

The table shows divergent results in the races of different 
voltinism. In the bivoltine races, Shohaku and Shcwa 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 0 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, 1. Here, 
the temperature of 15° in the dark gave a small percentage of 
moths laying light-colored eggs and not a single moth under other 
conditions. 

Shohaku produced higher percentages of moths laying dark­
colored eggs than Showa. A considerable variability was observed 
in SholUa reared in the different seasons, spring and autumn, as 
well as in Shohaku reared in different years, 1928 and j 929, in the 
case of incubation at the temperature of 20° in the dark and at 
that of 15° in the light 

B. Larval 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 verified 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) Ea/ier larval stadia (first, second and third 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 

Light conc1itionsand 
st:ldia 

i Percent. of 
I moths laying 

d::lrk-coloreu 'light-colored dark-colored 

Number of moths 

eggs 
, 

0"'--- _. 

stadium 1 light (5 

stadium 2 light fO 

stadium ~) light 26 

stadia 1+2+3 light 79 

st::idia 1+2+3 dark 3 

eggs 

92 

97 

98 

98 

131 

eggs 

41.40 

38.22 

20.97 

2.2-t 

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 out into eight parts, and every two were put into 
constant temperature incubators at 28°, 24°, 20° and 15°C. Twenty 
batches of Tsunomata were treated in a similar way, and fifteen 
batches of Japanese No. 1 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 ease of Tsunomata and Japanese No.1, larvae from each of the 
experimental parts were divided into two groups, one kept light 
and at the high temperature during the young 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 

Effects of light and temperature combined during the incuabtion 
and the earlier larval stadia upon the production of moths 

laying dark· colored eggs 

Conditions of Conditions of rearing I Number of moths Percent of incubation the earlier instars 1-- ._---

Races dark- light- moths lay-

light I 
ing dark-temp. in light temp. in colored colored ,colored eggs 

C. : conditions C. conditions I eggs eggs 
! ----------------

light ! 209 a 100.00 28 dark 13:l 0 100.00 

light light 185 0 100.00 20 dark 138 0 100.00 
28 

28 light 293 0 100.00 
dark 224 2 99.12 

Sho- dark light 206 0 100.00 
halm i 2) dark HI 0 100.00 
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light 

24 

dark 

light 

20 

dark 

light 

15 

dark 

light 

28 

dark 

i 
\---- '-1 

light 

24 

28 

2() 

28 

20 

28 

20 

28 

20 

28 

20 

28 

20 

28 

20 

28 

20 
i 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

light 
d;lrk 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

light 

dark 

light 

dark 

217 
170 

2.33 
IS!) 

1E5 
206 

1!l8 
180 

144 
140 

211 
118 

131 
46 

89 
60 

159 
130 

137 
55 

7 
o 
o 
o 

46 

·18 

.12 

() 

o 

o 
o 
o 
5 

2 
16 

o 
8 

6 
13 

45 
87 

93 
142 

23 
79 

25 
90 

153 
239 

189 
185 

o 
o 
o 
o 

100.00 
100.00 

100.00 
100.00 

100.00 
97.63 

98.95 
91.84 

100.00 
94.59 

97.24 
91.93 

74.43 
34.59 

4S.!);} 
29.70 

87.36 
62.20 

84.57 
37.93 

4.37 
o 
o 
o 

100.00 

100.00 

100.00 

100.00 

28 I light 67 - T' u ----;:~~~-
20 I dark 66 ' 0 100.00 

1Slmo.! 
mOlu

l ,-

28 I light 82 I 7 92.13 
dark 

.'-----1--2°-J~~'-~-I --.:l-4---~-L~~ 
light 

20 

dark 

28 

20 

28 

20 

light 

dari< 

light 

dark 

55 

29 

61 

41 

I 

" 
38 

98.21 

87.88 

7l.76 

51.9D 
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esc 

No. 1 

15 

20 

IS 

light 

dark 

light 

d:u k 

dark 
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28 light 

2l) dark 

28 light 

20 dmk 

28 light 

20 dark 

28 light 

20 dark 
... _---; -------

28 light 

2) dark 

28 light 

20 dark 
.. _ ..... ____ .J ... 

38 21 CUI 

21 12 ('3.E4 

0 58 () 

0 49 0 

(;3 () Joo.OO 

121 0 100.00 

04 0 JOO.OO 

145 0 100.00 

57 0 100.00 

89 0 100.00 

48 2 96.00 

79 ,I 95.18 

. -- - - -.------ ._----

The results in Table 7, for the earlier instars, so 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 effects of light and temperature for incubation 
and the earlier stadia, much diss imilarity 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 15° in the dark, no influence 
was perceived upon producing dark -colored eggs , no matter what 
the rEaring conditions of light and temperature might be. If in­
cubation was carried out at the temperature of 240 in the dark or 
at 20° in the light, much more dark -colored eggs were produced 
when the infant instars were reared 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 rea I'd at the high tern-
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perature 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 13' in the dark, 
and the infant instars were reared at the low tEmperature under 
the dark condition, they turned a li ttle more numerously into moths 
lay ing light -colored eggs. In case of all other conditions of incuba­
tion, even if the infant instars were 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 it/stars) For the pur­
pose of investigating the effect of light during the later larval 
stadia, the: larvae of Showa obtained from incubation at 1 TC. 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; -I) light for the fourth instal'S, 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 Ts!tllomata. In these experiments, 

Table 8 

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

I 
, 

~umber ..... i moths i Percent. of 
... _-- moths bnn~ 

dark-colored ' lig ht-colored : d~lrk-col(m~d H.nces Light and st adia 

eggs eggs eggs 

stadium 4 light (,7 1:1 83.75 

stadium 5 light 89 17 83.96 
.t,' hollJO 

stadia 4+5 light 16 79.49 

stadia 4 + 5 dar k ('7 10 87_01 

.--T---.. -----~----~-- .. ---- 7----

" 

,I , s tadi a 4+5 lig ht 
1:~lIl1omat(J1 

stad ia 4 +5 dark 

48 

31 

42 

22 

53.3:\ 

58.49 
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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 eggs than dark 
ness. The effeet was more striking when the insects were exposed 
to light throughout both stadia. 

The next test was performed to determine the interrelation 
between the effects of light and temperature in the later larval 
stadia and those during incubation. Eggs amI later instars of 
Shoit([lw and Tsuno1l1ata were treated after the same manner as 
described for the experiment on the earlier instars. 

Table 9 

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 Kumber of moths i 

incubation the later instars --- --------_._- Percent. of 

Races i dark- light- moths laying 

temp. in light temp_ in light colored colored dark -colored 

C. conditior.s C. conditions eggs eggs eggs 

-----------

28 light 184 0 1O().OO 
light dark H7 0 100.00 

2U light no 0 I()().()() 
dark 152 0 I()()(X) 

28 

28 light 152 0 IOO.OO 
dark 118 0 100.00 

dark 20 light 17,t 0 I()().()() 
dark 160 0 100.00 

----- -----_.-

28 light 1(4 0 I()().()() 
dark 137 0 I()().()() 

light 

20 light 170 0 Im.()() 
dark 170 0 100.00 

2,[ 

28 light 148 I 99.,T; 
dark HS 0 100.00 

dark 

20 light 119 .) 9::',.75 
0'110- dark 120 0 I()().OO 
haku ---_. __ .- - --------- ---_. 
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light 

20 

dark 

. . . . ------_ ... -

ntmo.! 
mala i 

15 

28 

24 

20 

15 

lig ht 

dark 

light 

dark 

light 

light 

dark 

light 

d ark 

... __ _ i ____ .J .. __ . I .. 

28 

2) 

28 

20 

28 

21l 

28 

20 

28 

20 

28 

20 

28 

20 

28 

20 

28 

20 

28 

20 

28 

20 

20 

light 
dark 

light 
(:b rk 

light 
dark 

light 
d arl~ 

187 
175 

17'1 
171 

155 
1(8 

132 
159 

"-j -- -'--'. -_._-

i liJ.;:ht 21 5 
darl.; 18·1 

light 
dark 

light 
dark 

light 
d.3rk 

light 

darl.; 

lig h t 

dark 

lig h t 

dar k 

light 

d:ark 

light 

dark 

light 

cla rk 

light 

dar\, 

light 

dark 

188 
Z:lO 

o 
o 
o 
o 

72 

102 

126 

11 7 

67 

121 

91 

H 

67 

31 

109 

42 

27 

n 

o 

o 
() 

o 
() 

22 
11 

32 
11 

]96 
257 

18·\ 
117 

I) 

o 

3 

o 

o 

10 

11 

H 

2 

,18 

;,)1 

-,­
: , 

100.00 
100.0',) 

100.00 
100.0U 

73.4G 
87.50 

80.9B 
90.86 

90.72 
94-.36 

SSA5 
95.4-1 

o 
n 

o 
n 

100.00 

100.(JO 

97.14 

100.00 

100.00 

98.53 

92.37 

89.22 

8Hl9 

97.10 

68.13 

:~ ---II :~.:: 
lOS 0 

-n 0 
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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 temperature during the 
later larval stadia, though their action is against that during the 
earl ier larval period. If the eggs were incubated at temperatures 
above 24° in the light, or at 28' in the dark, the larvae deve· 
loped nearly or completely all into moths laying 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 15° 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 temperature, during the pupal period, has a contradiclory 
influence on the production of dark· colored eggs as compared with 
that during the earlier larval stadia has been reported by W ATA­

NABE and UMEYA. However, very little evidence of the effect of 
light has ever been obtained. 

Eggs of Shohaku were put into constant temperature chambers 
at 28°, 24 °, 20° and 15°C. for incubation and at each of the tern· 
peratures some were kept in the light, others in the dark. Eggs 
of Tsunomata and japanese No.] were each separated into 
four groups, two of which were incubated at 2'10 (Tslt1-zomata) 
or 20° (fapanese No.1 ) and two at 15uC. (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 

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

laying dark-colored eggs 

Haces 

Sho­
haku 

Conditions of 
incubation 

temp. in light 
C. conditions 

light 

28 

dark 

light 

24 

dark 

light 

20 

dark 

light 

15 

cbrk 

- - C~~ditions ~--- !--~~umber -~fl~-o;hs 
treatment for pupae ,------ -----­

dark- ! light-
temp. in light colored colored 

C. conditions eggs eggs 

28 

20 

28 

20 

28 

20 

28 

20 

28 

20 

28 

20 

28 

20 

28 

20 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

light 
d;:trk 

light 
dark 

light 
d;:trk 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

75 
59 

7--1 
Eo 

89 
89 

82 
87 

8:3 
99 

114 
95 

113 
108 

J:l6 
129 

64 
66 

19 
3:1 

33 
32 

F6 
87 

83 
UJ 

o 
o 
o 
o 

o 
o 

o 
o 
o 
o 
o 
o 

o 
o 
o 
o 

8 
I 

2 
I 

4 
o 
o 
o 

52 
33 

31 
1() 

:J8 
13 

12 
8 

122 
110 

91 
94 

I Percent. of 
Imoths hying 
! cbrk-colored 

eggs 

100.00 
100.00 

100.00 
100.00 

100.00 
100.00 

100.00 
100.00 

lOO.OO 
100.00 

100.00 
100.00 

93.39 
99.08 

98.5S 
99.2:1 

94.12 
100.00 

100.00 
100.00 

26.76 
50.()() 

SL56 
83.87 

6:-1A6 
S7.00 

87.37 
91.84 

o 
o 

o 
o 
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28 

20 

28 

Jig"ht 
dark 

light 
dark 

51 
43 

81 
gi'i 

43 
36 

o 
o 

o 
o 

12 
7 

light 54 8 

100,00 
100.00 

100,00 
100,00 

78.18 
83.72 

87,10 
90,00 I 20 dark 6:1 7 

_' ____ I ______ , ________ _ 

28 

light 

20 

28 

dark 

2() 

28 
light 

20 

28 
dark 

20 

light 

20 

28 

dark 
20 

_1 _______ _ 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

light 
dark 

46 
3·1 

° () 

o 
o 

51 
62 

120 
116 

49 
G7 

52 
73 

o 
o 
() 

() 

o 
o 

68.75 
[9.23 

71.88 
80,95 

o 
IJ 

o 
o 

100.00 
100.00 

100,00 
lOa,OO 

100.00 
100.00 

I
, light 1 Ei 0 100.00 

dark 132 0: 100.00 
__ I_·· _____ ·J __ ~ ___ ·i---------i,------

light 
dark 

light 
dark 

light 
dark 

light 
dark 

·14 
71 

62 
98 

69 
63 

8) 
82 

° o 
[) 

o 

2 
o 

100,00 
100,00 

100,00 
100.00 

93.24 
94.03 

97,55 
100.00 

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 b2 found in 
different types of voltinism. In the bivoltine and tetravoltine, when 
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eggs were incubated at temperatures above 24 0 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 15° 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 temperature in darkness only when the eggs were 
incubated at 15° in darkness. No excess of them was found 
under the other conditions of incubation as to light and te111pera­
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 
and the earlier larval periods, for the reason that light has, at these 
periods, a strong influence on the production of dark· or light­
colored eggs. 

A. Effects of Light Intensity at Different Temperatures 

I took fourteen lots of eggs of Showa, seven of which were 
incubated 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 
each room, was Mazda point bulbs of 6 C. P. regulating the 
potential at 6 volt constantly. The intensity measured at a dis­
tance of 3 m. from the source was 0.0256 F. C. in the first lot, 
0.0184 F. C. in the second, O.01:J6 F. C. in the third, 0.0095 F. C. 
in the fourth, 0.0051 F. C. in the fifth and 0.0036 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 

Conditions of incubation ~1Ill1ber of moths Percent. of 

temp. I ···~l~~'k-~~~i;;~d· - f- moths laying 

light intensity li)."!"ht-<.:oJored dark-colored 
in C. ! eggs ; eggs eggs 

1 transparent g lass plate 2S:! 4 98.60 

1 frosted glass plate 164 4 97.62 

2 frosted glass plates 
I 

199 2 99-00 

. 3 frosted g lass plates I 240 .j 98.36 
20 I : 5 frosted glass plates 142 7 95.:-m 

i 7 frosted glass plates ! 209 31 87.08 
, 

entire darkness I I 217 24 90.0-1 
! 

, .,,_._ .. ,-_ ..•. _-- - -------' • .• " " j" . ..•.. . _--

1 transparent g lass plate .162 ,15 78.26 

1 frosted glass plate 18·1 51 

I 
78.30 

2 frosted glass plates 201 50 80.08 

15 3 frost<..-d glass plates 165 82 I 66.80 
I 

5 frosted g lass plates 135 102 I ~.96 

7 frosted g lass plates 70 126 I 37.62 

entire darkness " 14!j 
I 

2.03 

---- - _ ... . .._---

The influence of the light intensity during the period of in· 
cubation upon the percentages is evident and it varies with tern· 
perature . At 20° lower intensities than 0'()051 F. C. (five frosted 
glass plates) were less favorable La the p'roduction 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· 
sItles. At 15°, however, above 0.0136 F. C. (two frosted glass 
plates) nearly equal percentages resu lted, and below 0.0095 F. C. 
(three frosted glass plates) the fa inter the intensity became, the 
less the percentages were obtained. 
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Judging from tbe 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 out in which eggs were 
divided into two parts to be incubated at two different constant 
temperatures, 20° and 15°C. , and in each room they were kept at 
various distances from the light source. The result was that the 
lower light intensity limit remained nearly the same as shown in 
the forego ing experiment. 

An experiment to test the effects of light during the earlier 
larval stadia, was done. Eggs of Showa were incubated at the 
temperature of Ire. in the dark. Upon hatching, larvae were 
separated into five lots; 1) the control covered with a transparent 
glass plate, the intensity being 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.); S) 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 (0 0.1:' F. C. (one frosted glass plate) 
conduced to the production of dark -colored eggs, and that below 
0.077 F. e. (three frosted glass plates) was unfavorable to their 
production. [n 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 

Ligh l intensity 

-_ ... _----

1 transparent glass plate 

1 frosted gJ.:lss plate 

3 frosted glass plates 

7 frosted glass plates 

entire darkness 

Number of moths I i~~~~~l. of 
------, ----- ----------'1 moths laying 

d'UkoC{.)jOred I light-colored I dark-c.olored 
C1',l".~S I eggs eggs 

• " ••••.• _ .••••. _ ....... 1. ____ . ___ ... _ .•. • .•••.• __ 

I 
3R 53.66 

·16 ·10 5,.'U9 

36 51 ·11.38 

26 7'2 26.5-1 

25 55 31.2;3 
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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 
Different Temperatures 

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
yellow, violet, white and dark, of which the tops of the boxes 
were made, wete used. The Fed allowed the transmission of raJ;,s 
of wave· lengths belov.~ 6100 f;., the orange-yellow below' 5;:)00 A, 
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, 312 for the orange­
yellow, 200 for the violet, 976 tor the heat-absorbing, 0 for the dark, 
where the red and the orange-yellow 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-yellow 1.0 m., 
and the violet O.S:; 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 Tsunomaia, in which 
a Mazda C 2 bulb of 40 watt, keeping 100 volt constantly, was used. 

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

the ratio of the amount of light rays of various wave-lengths 
transmitted through the different plates was about ] : 10. 



Light and Temperature on Characters of Silkworm 29 

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 incub:1tion Number of moths P~'Tcent. of 

R1.ces 
--_._----- -----_ .... _._------- moths laying 

temp in ray filters dark-colored light-colored dark-colored 
C. eggs eggs eggs 

dark 274 47 85.36 

red 261 48 84.47 

20 orange· yellow 264 19 93.29 

violet 269 99.63 

Shownl 
white 341 1 98.84 

---- ----._---

dark 6 205 2.84 

red 6 201 2.90 

]5 orange-yellow 18 216 7.£9 

violet 217 5 97.75 

white 190 5 97.44 

dark 29 3 90.62 

red r,o 4 93.75 

20 orange-yellow 61 2 96.83 

violet 57 0 100.00 

lsuno-1 
white 41 0 ](X).OO 

----
mula I 

i dmk 3 100 2.91 

I red 0 88 0 

I 

15 Qrangc·yello\v 1J 95 12.U,t 

I 

violet 95 18 84.07 

\vhite 63 19 76.83 

We learn from these results that different light wave-lengths 
with nearly equal oncrgy had different effects upon the production 
of moths laying dark -colored eggs. The red had no more effect 
than had the dark. The orange-yellow 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 li tt le 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 Slwwa were incubated at J 7°C. in the dark, and those 
of Tsunornata, at 20"C. in the dark. Upon hatching, they were 
put into a room at 24°e., and then separated into fi ve lots. The 
larvae were treated only during the first and second stadia under 
five different light conditions, as mentioned in the preceding ex­
periments, and after the third stadium they were reared similarly. 
In these experiments, t he 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 rays; 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 H 

Effects of light rays of different fi lters during the earlier larval 
stadia upon the production of moths laying dark -colored eggs 

Races I Ray fi l t cr~ 

I - --"'-- -. _ _ ._-

dark 

red 

Shown orange-yellow 

violet 

w hite 

.K\lInber of moths 

dark-colored ) light-colured 
eggs eggs 

I 
P ercent-." ~ i ­

, moths Jayin~ 
d ark-colore d 

eggs 

28 

24 

6;'-·--1--;~;­

56 30.00 

30 69 30.30 

5D 62.fiO 

-' 3 25 ____ l ___ . I (,3.24 
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dark 25 79 

red 31 83 

15ulIon/alol 

____ 1. _---""-~ __ I ___ 2.~ ___ j___ 18 

orange-yellow 28 72 

violet 51 34 

24/)·1, 

27.19 

28.()() 

59.09 

C. Effects of the Length of Day at Different 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 
carried out. One of them is worth while to be noted. Eighteen 
egg batches of Showa 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 exposure 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 moth!:> P ercen t. of 

Lengt h of day ! 
mot hs laying 

dark·colored lig ht-colored dark -colored 

·1---·· 
eggs egg;:, eRgs 

con ti.nuous darkness 76 7'2 5l.35 

:~ hours light 82 75 52.23 

6 homs light al 81 52.91 

9 hours light 70 75 48.28 

12 hours light 92 80 53.49 

15 hours light lo:l 11 90.:35 

.1 8 hours lig ht 7·{ 2 97.37 

21 hours lig ht S,. ., :1 96.6:1 

cont inuous light 93 :1 96.88 
---_. .1_ .. -- --_. __ .. 
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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°,2.1°,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 in 
each of these experiments. 

Table 16 

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 

Conditions of incubation Number of moths Percent. of 

Races I dark- light-
moths laying 

temp. in length of day colored colored dark-colored 
C. eggs eggs eggs 

--------

continuous darkness 246 0 lOO.OO 

12 hours light 276 :J 9R.92 

13 hours light 251 4 98.43 
28 

14 hours light :-109 0 l00.GO 

15 hours light 257 0 100.00 

continuous light 300 0 l00.C,Q 

------,----- ----------_ .. -

continuous darkness 217 15 93.53 

12 hours light 229 25 90.16 

1:3 hours light 177 19 90.31 

14 hours light 211 1:; 94.20 

15 hours light 232 0 100,00 
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24 
16 hours light 

17 hours lig ht 

18 hours lig ht 

19 hours light 

20 hours lig ht 

21 hours light 

continuous light 

240 

245 

246 

230 

195 

222 

232 

o 
o 

o 

o 

o 
o 
o 

100.00 

100.00 

100.(X) 

100.00 

100.00 

100.00 

100.00 
S hoo I ______ ~ ____________ ~ ______ ~ ______ ~------

haku 

20 

15 

contin uous darkness 

12 hours lig ht 

l~ hOUfS light 

14 hours light 

15 hours light 

16 hou rs light 

17 hours light 

18 hours light 

19 hours 19iht 

20 hours lig ht 

21 hours light 

52 

36 

76 

163 

135 

126 

126 

169 

133 

158 

141 

147 

llH 

86 

14 

8 

2 

2 

2 

3 

19.67 

30.99 

46.91 

92.09 

96.43 

94.03 

98.44 

98.83 

98.52 

98.14 

continuous lig ht 139 3 I 97.89 
i . I - - - ----_ .. _-------,- ----- ------------- ---

conti nllous darkness j 0 190 0 

12 hours light 

13 hours light 

1<1 hour i; light 

15 hours light 

1(1 hours light 

17 hours light 

18 hours lig ht 

19 hours light 

20 hours light 

21 hours light 

continuous light 

o 
() 

34 

79 

116 

152 

125 

119 

loS 

112 

152 

192 

192 

183 

116 

84 

68 

62 

50 

65 

70 

(5 

o 
o 

15.67 

40.51 

58.00 

69.09 

66.&1 

70.41 

69.48 

6(;.98 

70.05 
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25 

continuous darkness 

12 hours light 

13 hours light 

14 hOUfS light 

15 hours light 

16 hours light 

17 hours light 

18 hours light 

]9 hours light 

20 hours light 

21 hours light 

continuous light 
1'sutlO-1 
mota 1-- - -- i - - - -. - - -

I continuous darkness 

! 

18 

12 hours lig ht 

13 hours lig ht 

14 hours ilght 

15 hours Ijght 

16 huurs light 

17 hours light 

18 hours light 

19 hours light 

20 hours light 

21 hours light 

continuous light 

46 

61 

f4 

35 

67 

6' 

86 

41 

55 

46 

66 

57 

9 

1 

o 
1 

8 

12 

27 

42 

38 

52 

33 

39 

15 

26 

18 

5 

7 

o 
o 
o 
o 

o 
o 

71 

73 

75 

48 

67 

, 5 

58 

48 

31 

28 

16 

39 

75.41 

70.11 

78.0S 

87.5U 

98.4G 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

11.25 

1.35 

o 
2.04 

10.67 

15.58 

31.76 

46.67 

55.07 

55.(Xl 

67.3!) 

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 IS hours or more produce.d 
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 lay ing dark -colored eggs. In T sullomllta, 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 exposure 
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 eggs any more than continuous dark· 
ness, and a longer exposure was morc conducive to their produc· 
tion. The limit of daily exposure, in which an equal number of 
moths laying dark-colored eggs as that under continuous light 
were produced, varies by temperature. Between 150 and 28", the 
limit of daily exposure drops by about an hour at every 40 or SoC. 
rise of temperature. 

Eggs of Showlt 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 l7°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 19 
hours exposure every day, and the rest in continuous light. 

Table 17 

£ffects of the length of day during the ea rlier larval stadia 
upon the production of moths laying dark -colored eggs 

.. .... - - .-.-----~-=-~ :: .. - - , .. -

Conditions of rear ing 
-----f--------_· 

Races I temp. in 
. C. leng;th of day 

continllous darkness i 

6 hou rs light 

11 hours lig lll 

18 hours light 

continuous light 

Number of moths Percent. of 

dark­
colored 

eggs 

H 

13 

15 

12 

17 

: moths laying 
light· i dark-colored 

colored 
eggs 

85 

141 

87 

·19 

81 

eggs 

l4.14 

8,44 

L4.71 

19.67 

17.35 
_i __ .. . • .. -_. ----- -,_._ ---------- ,------------_ ...• 
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continuolls darkness 14 216 6.09 

, 6 hours light 20 182 9.90 
! 

ShGH!ai :11 12 hours light 11 24-:-1 'L-{:l 

I 

18 hours iight 20 21y 8.:3"/ 

continuous light 21 172 10.88 
----_. 

I continuous darkness 8 242 3.20 

I 

6 hours light 13 270 4.59 

27 ]2 hours light 282 0.35 

I 
18 hours light 13 225 5.,1.6 

I 
continuous light 17 184 SA6 

continuous darkness 26 220 10.57 

I 12 hours iight 18 223 7.47 

! 13 hours light 17 210 7.49 

14 hours light 30 264 10.20 

15 hours lighl 43 159 21.29 
Okusa 20 

16 hours light 64 187 25.SJ 

17 hours light 77 165 :31.82 

IS hours light 100 
,,.,,, 

,)0.\;':' "UJ 

19 hours light H 178 29.:}7 

continuous light 106 189 35.93 
_._---

The lots exposed for more than 17 or 18 hours during the 
earlier 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 producing 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 prod ueing more light­
colorcd 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, except sonle rare cases \vhere both arc 111ixed 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 the "mixed" batches, eggs are de­
posited in a mass or masses, presenting intermediate colors besides 
the normal dark violet color and the light one. These intennediatc 
colors were much variable, and the proportion of a definite color 
has never been determined. Very little account of such a mixed 
batch 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 Period 

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 Shohaku, Tsunomata and Japanese No. 1 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 

Races 

Conditions of 
incubation 

I Kumber of 

temp. 
in C. 

- mixed batches light 

28 

conditions 

light 
dark 

o 
o 

I 
Total number 

of moths 

232 
200 

Percent. of 
mixed batches 

o 
o 
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2,1 light 2 252 0.79 
dark ]() 270 3.70 

Shohaku 
20 light 2 140 lA:l 

dark 9 182 4.95 

I 
15 light 11 2:)0 4.78 

dark 0 19,1 0 
---~,---

I 
28 light 0 2H () 

dark 0 75 0 

2,1 light 0 48 0 
dark " 54 5.56 " Tsunomata 

20 light 8 73 1O.9G 
dark 0 71 0 

1:) light 7 103 6,Kl 
dark [I 73 IJ 

----------

2U light I) 177 0 

Japanese dark I) Hi4 0 

.[''10. 1 light 0 106 0 15 dark 6 168 3.57 

-~- --_.', ----

In Shohakll and TSllnomata little larger numbers of mixed 
batches were found when eggs were incubated under intermediate 
conditions as to light and temperature, Namely, highest percentages 
resulted, when the incubation was carried out either at 200 in the 
dark, or at 15° in the light, while incubation at 240 in the dark, 
or at 20e in the light produced lower percentages, Other conditions 
of light and temperature never induced the production of mixed 
batches, In Japanese No, 1, a small number of them was obtained 
at 15° in the dark, b~lt nothing under the other conditions, 

B. F!feets 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 may 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 , -::---- '··1 ! -
pupae _ ___ I Number of T otal number ; Percent. of 

t • p r I' ht mixed batches ' of batches : mixed batches em. I Jg I 

I{accs 

in C. ! conditions I 
--:- - - i - - - ---- 1-- ---· 

! light 35 221 I 15.84 
30 dark 6 II 223 ! 2.69 

20 i light 2 280 0,71 
S izohaku 

\ I dark 4 L. ____ ~~ ____ , _____ ~.31 
·-----!-- -----~~~t - 7 I 71 9,86 

30 dark 3 81 3.70 
Tsunomala! 

! 20 light Ii 

dark 
3.03 
o 

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 Batches with Reference to Temperature 

during the Pupal Period 

As mentioned in the preceding section, mixed batches de­
pos it 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 were 
incubated at l7°C, in the dark, the pupae were parcelled out into 
two groups, one of which was kept at 30°, the other at ZO°e. 
(both in the light) , The moths were allowed to deposit for ' two 
hours and the eggs thus obtained are called the first deposit. The~ 
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they were removed to lay on new sheets of the card -board and 
left there tilt the next morning. The eggs obtained during this 
interval are named as the second 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 

.' .~.-. ----, - ----- - ', 
Temp, :. __ ,!!:_st_d~?o~~~ ___ . __ ._ Second deposit 

in C. during I 
the pupal Total batches I number i perc.ent. 

. d I of mixed I of mIxed 
perlo I batches ! batches ' 

number 
of mixed 
h<l tches 

_ .. _ . _- 1---- - -_ . -

I 
I 

30 209 

20 230 

7 

o 

3.35 

o 

25 

IJ 

percent . 
of mixed 
batches 

11.96 

() 

-_._- _ ._ - -

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 w~re placed in the low temperature, neither the fi rst 
nor the second yielded mixed batches. 

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

At! 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. Therc are considerable var iations of color both 
in dark-colored and light-colored eggs by different temperatures to 
which they were exposed. Even if temperature was kept the same, 
still some variations arc met with. This fact sp2aks for the 
existence of different genetical constitution with respect to the 
color formation, but this point has not been followed in my prc­
sent work. An observation on the effect of temperature after egg 
laying was done by MATSUMlIRA (,27), who did not com~ to any 
definite conclusion. Further knowledge seemed to me urgent , 

. which might not only elucidate the cause of the color variabililY, 
but also that of hiberatioll in the silkworm if possible. 
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A. Effects of Temperat",'e upon the Color Variation 
of Dark-coI01'ed Eggs 

Dark-colored eggs are easily distinguishable in the presence 
of exceedingly dark violet pigment in the serosa from light-colored 
eggs. The chorion can b2 slightly tinted yellowish 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 jJeriod Pupae of Sholzaku, 
T sttllomaia 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 da),s the intensity of 
egg color was observed. 

Table 21 

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

Races 
eggs 

29.41 
Sltohaku 

t 1.-16 I 

I--u--: 
, 0 

20 147 

:{O ::i2 
TstlllOmata , 20 49 I 
.. _-- ----

japa11(Se 30 110 10.91 

No.1 20 241 o 

--_ . . _----

Percent. 01 moths Mean _.,----,-------_ .. _- .. 

+ ++ 
eggs eggs 

W.29 W .30 

U,_71 2· 1.~2 

14.SU 43.75 

2.04 16.33 

21.82 61.82 

3.73 18.67 

tH "I eggs eggs 

0 0 

43.~O 10.21 

43_75 o 
48.98 32.65 

. 
5.'15 i .0 

36.10 .J~.50 

! degree of 
egg color 

--- -

t-

+t -tH 

+ - +t 

tit - IHI 

Symuol - indicates t he least intensive color , #tt the most intensive and others 
t he 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 20e . No signi ficant 
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 
some 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 elapsed 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. in C. 

Mean degree of 
egg color 

:10 

+-tt 

~===c"----

25 20 

1\1 

15 13 11 

+ 

The greatest amount of pigment developed at 15° and 20°. 
The fa rther 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 
0 2 3 4 5 at 15' 

Mean degree of egg ++ ++ ++ ++ !HI !HI color 
.. _-_. _. __ .-

Eggs kept at 15° for four days or more manifested most 
intensive color, whereas those kept at 3(jO less intensive one. This 
phenomenon was true in any different races as to voltinism. 
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B. Effects of Temperature upon thc Color Variation 
of Light-colored Fggs 

It has been observed by some investigators that light -colored 
eggs could be more or less strongly colored wheu treated with a 
temperature lower than 5'e. 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 lODe. to avoid the yolk 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 15cC. in the dark, 
were divided into two groups, one 'vas kept at 30° and other at 
20°C. 
20'e. 
days. 

Races 

Showa 

The moths \ve~e made to lay in the temperature of 13° or 
The intensity of egg color was observed after twenty-flve 

Table 

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

Total Percent. of moths !v!e:::m Temp. nU111_ber 
-- ---

! degree of in C. I + ++ ttt tHt of moths 

I 

i I egg color eggs eggs eggs eggs eggs I ---·-1 I 
- I 

,1O 484 0 l.4·1 14.67 I 42.'J6 ! ·11-53 I ttt - tHi 

20 1 616 ·16.91 24.03 13.31 15.75 0 --+ 

3(~ -I 86 0 0 2.33 19.77 77.90 HIt 
Tsu1tornata 

20 79 0 1.27 5.05 20.25 73.4:3 tHf 
----_._-----.-

____ 1 _ _ _ -

In Shohaku, temperature 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) Temperature after egg laying. Newly laid eggs to be light· 
colored eggs were parcelled out into six lots and put into constant 
temperature chambers at 30',25°,20°,15 0 ,13' and 11 0C. 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 [,ve days, the one at 
15° for fifteen days, and the one at 11° for twenty days, and 
then they were all transferred to 13 0C. 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. 

Mean degree of 
egg color 

30 25 20 

--+ 

15 13 11 

It ttl 

The result 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 aEcertain 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 were kept at 13° and were removed into 25°C. 
every five days. Among the remaining two parts, 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 day after 
laying. 

Table 26 

Relation between the number of days which passed at ]:30e. 

and the intensity of egg color 

Days which passed 
at 13' 

I\'lean degree of egg 
color 

o 10 15 20 25 

+-It It-ill It-ill It-ill It-ill 
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Eggs placed at 13° for five days put on color to some degree, 
while those kept at that temperature for more than ten days 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 tempera lure such as 25°, bul lakes 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 bivoltine 
and univoltine have also been sometimes observed to become non­
hibernating. On the other hand, light· colored eggs have been be­
lieved never to be turned into hibernating eggs. I have, however, 
succeeded in modifying some of the light . colored into hibernating 
eggs, especially in those of the bivoltine and univoltine. Can· 
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 arc scattered irregularly within the same batch, 
their proportion being 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 period 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 results are given below. 
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A. Effects of Light and Tempemture during Incubation 

It has been believed by W ATANAHE ('24) that producing non­
hibernating eggs out of the dark · colored depends upon temperature 
during incubation, that is, a higher degree of their production is 
followed by incubation at an intermediate temperature (20°) than 
that at a higher temperature (25°C.). The resul ts of m y experi· 
ments are somewhat different from this. 

The races Shaha;"" Showa, T sunomata and Japanese No. 1 were 
nsed as materials. Light and temperature during incubation were 
varied according to races used ; Shohalm and Showa were kept at 
20" and 25°C. in the light and the dark, respectively, T SlInomala 
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
tun: till t !i.e 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 

Conditions of 
I incubation i Total number 
1---- -- -- -I 01 ddrk colored 

temp. IJght egg batches 
in C. I cond itions 

-- I '-- , 

R ,H:e~ 

20 
ligh t ·18:' 
darl, 51"7 

S hohaku 

25 light ·110 
dark ·-153 

_._-------- .. - ---

20 lig ht :-354 
dark 176 

Showa 

25 l ight 257 , 
dark 2R1 I -1-- ----
lig ht. 16,1 

·J:~It"llom{/ta ' 20 
dark III 

- -,-

]Vlean percent. of 
non· hibernat ing eggs 

L 35 ± 0. 15 
1.83 ± 0.18 

J .91 ± 0.24 
1.90 ± 0.18 

1.98 ± 0.21 
2.00 ± 0.:19 

2.f,8 ± 0.37 
2,51 ± 0.34 

18.1 3 ± 1.31 

20.05 ± LoG 
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japanese 
1\'0. 1 15 

light 

dark 

154 

157 

0.20 ± 0.05 

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. 

R Effects of T emperature during the Pupal Period 

WATANABE disc.overed in the tetravoltine that many more 
dark-colored eggs arc 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 

Races 

Shohaku 

Showa I 

of the dark -colored 

Temp. in C. 

:lO 

20 

30 

20 

---.. ==--=-~~-----

Total number of Mean percent. o f 
dark-colored egg I non -hibernating 

batches II eggs 

2'-51-- ,--~~~ ± 004 - -

410 1.91 ± 0.24 

535 

655 

0.23 ± 0.04 

2.00 ± 0.21 

Tsunou~TI . 28 
20 

I 

60 

111 

98.07 ± 0.57 

2().05 ± 1.66 

Japatlese 
J.\'o. J 

:~ r- ::~---' --~.-~:-:--~ ~:--
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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 temperature was not the .ame 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 res ulted 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 Egg Laying 

As temperature was kept at 25°e. after the time of egg 
laying, in the experiments 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°e., respectively immediately after laying. 
In tetravoltine TSllllomata, whose pupae had passed at a high 
tem[J<'ratu re of 30°e., the eggs laid were divided into four parts 
and put into four different tem[J<'ratures, 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 T sunomata. In each series, the lots kept at 25° were 
removed into 30" after th ree days, those kept at 20" after five 
days, those kept at ]5° after eight days, and those kept at 130 

after fifteen days. The lots kept at :l0" 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 offcrred the following results. 

Table 2~) 

Effects of tem[J<'rature after the time of egg laying upon 
the production of non -hibernating eggs 
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,~~== - -------- ---- ------~=== 

:T . C' Total number of ! :Kumher of non- ! Percent. of non-
Races emp m 

I • • ; dark-colored eggs i hibernating eggs i hibernating eggs - --1- --1-- -- ---,----
I 30 I 1550 47 

Shohaku 

Japal1ese 
.No.1 

i 
Tsunomatai 

25 

20 

15 

13 

30 

25 

20 

15 

30 

25 

20 

15 

1359 29 

996 16 

992 o 

1011 o 

2783 22 

2112 17 

2617 12 

2567 0 

1031 1031 

1017 967 

1005 852 

1214 420 

3.03 

2.13 

1.61 

o 

o 

0.79 

0.80 

0.46 

___ L 0 

100.00 

95.08 

84.78 

34.60 

As shown in Table 29, 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 univoltinc were much Jess than those 
in the tetravoltine. The high temperature of 30° was able to 
make all eggs non· hibernating in the tetravoltine. On the can· 
trary, all eggs were made hibernating in the bivoltine and univoltine 
at the low temperature of j GO or 13°. 

In the foregoing experiment, dark-colored eggs of the bivoltine 
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 13c 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 days 
at five different temperatures 
~------.--.-----------

Temp. Total number of 
, I 

Number of oon- I Percent:. of non-
in C. dark-colored eggs hibernating eggs hibernating eggs 

"------
3D 2240 74 3.30 

25 2·123 58 2.39 

20 2080 22 1.06 

15 2529 130 5.H 

13 2823 711 25.19 

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. 0 

Eggs 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 day's, 
respectively after egg laying. One more trial was carried out in 
an opposite way, namely, that six lots were removed from 25° 
into 1:1°C., and they were kept there as long as for forty days. 

Table 31 

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

Ivbni- I 
puialion I 

from 15' 

into 250 

Time when lots 
were removed 

immediately 

12 hours 

one day 

t\vo days 

three days 

four days 

I 
Total number of ; 
dark-colored eggs! 

! 2267 

2318 

2620 

2860 

2621 

2716 

Number of non­
hibernating eggs 

72 

59 

18 

7 

o 
o 

Percent. of non­
hibernating eggs 

3.18 

0.69 

0.24 

o 
o 
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immediately 4298 408 9A9 

12 hours ~376 408 9.32 

from 25' I one day 4396 337 7.67 

into 13' two days 4388 42 0.96 

three days 4462 8 0.18 

four days 4321 
I , 0.23 
I 

-------~.- .. _--_ ...• .. _.- "_._ .. -.---~ 

In the first trial, eggs removed from 15" into 25° at the end 
of three days, become all hibernating. In the second trial, the lots 
removed from 25° into DO 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 Tsunomata, the parental 
pupae of which were kept at two different temperatures, 30° and 
20°C., were put in a temperature chamber of 13°e. 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°e., 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 Bee. 

Temp. in C. Dmation 
Races during the in days 

__ I.i.~up~~~eriod I, .. --:t 13° 

15 
i :10 

Shou..'O I 

4() 

15 
20 

40 

Total number Number of 
of dark· i non·hibernat· 

Percent. of 
non·hibernat" 

ing eggs colored eggs I ing eggs 

2603 0 0 

3048 311 10.20 

2S96 1 O.O'! 

2491 468 18.79 
.1_ 
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15 8091 382 ,t.72 
30 

Tsuno- , ·10 85<]4 3067 35.81 

nuda 15 8797 2 0.02 

20 40 8969 2115 23.58 

In SholVa, 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 
lots 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 IIibernating 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 durin/{ the Pn/mi Period 

Pupae of Shohaku, Showa, Tsullomata and European No.9, 
were subjected to a high (28C or 30cC.) and a low (20c C.) tem· 
peratures throughout the pupal period. Immediately after laying, 
eggs 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 

Effects of temperature during the pupal period upon the 
production of hibernating eggs out of the light-colored 
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Race's 

Shohoku 

.... ... _-_ ..••.• .. 

I 
Shown ! 

l:"uJlumata 

EUy(}PCOH NO.9 

Temp. in C. 

28 

30 

Total number iif I 
light-colored 

b~tch(;s 

149 

153 
_ .. _______ .1_ . 

30 48« 

20 6 16 

30 ~)7 

20 I p') 
i -_.-. _ . ---------_ ..... 

30 

20 

19 

Mean pen.;cnt. of 
hjkrnating eggs 

16.81 ± 1.36 

7.1-1 ± 0.&1 

28.75 ± 0.H7 

16.71 ± D.GS 

0.26 ± O.OK 

2.39 ± 0.58 

62.58 

·11.87 

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. 
In'Sholwku, 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 TSlillomata. 

B. Eflects of Temperature after the T ime 
of Egg Laying 

Since the eggs were kept at 13°C. after laying in the forego ing 
experimen ts, temperature during this period might have affected 
the production of hibernating eggs. To elucidate this point, eggs 
of Shcwa and Tsuno11wta were divided into six (in Slzowa) or five 
parts (in Tsunomata) immediately after laying. Each part of Showa 
was at once brought into different chambers of 30°, 25°, 20°, 15 0

, 

13° and 11 oc. Each lot of Tsuno1ltata was put into one of the 
same temperature chambers, except 11°C. as in Slwwa. In both 
cases, eggs in 11 0 were conveyed into the ~5° chamber after 
twenty days, those in 13° after fifteen days, those in 150 after ten 
days, those in ~OO after five days, and those in :,00 after three 
days. They were placed there for thirty days. 
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Table 34 

Effects of temperature after the time of egg laylng upon 
the production of hibernating eggs 

Races 

Showa 

Tsunomata 

I 

I Temp. in C. I 

!~-.---' 
30 

20 

15 

13 

11 

30 

20 

15 

13 

Total number of I Number of 
light-colored eggs hibernating eggs 

878 

8'15 

922 

958 

923 

901 

2002 

2266 

2181 

--------_.,-------

o 
o 

3 

108 

554 

901 

o 

o 
o 

40 

M8 
___ ~_I _____________________ _ 

Percent. of 
hibernating eggs 

o 

o 

0.33 

11.27 

60.02 

100.00 

o 
o 
o 

1.65 

6.79 

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 Showa than 
in Tsun01nata. 

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 l3°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 33). 

A test was performed to detect the developmental stage of the 
embryo which is most sensitive for the production of hibernating 
eggs. Eggs of ShOlva 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 13°C. upon the 
production of hibernating eggs 

:"Ju1l1ber of da;'~ --- 'Ii-l;~~~--~~~:~;-:-; " ~umber of ::II-~-=~~~~~~~f--
a t ] 3~ ligh t-colored eggs __ ~ ~ _i ~rnatjng .egj{s~_ . hibernat ing eggs -- -----_. ---!_ ._ -._--

5 I' 1938 

10 2037 

1;i 

20 

:; 0 

40 

1841 

1788 

1695 

1828 

Table 36 

0 0 

295 14.53 

471 25.58 

,j09 22.88 

269 15,87 

113 6,18 

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

immediatdy 

12 hours 

one day 

two <.lays 

three d :J.Ys 

---

1979 

2355 

2461 

2117 

2242 

- -
9·l3 

886 

2f8 

28 

0 

37.62 

10.89 

1.32 

o 

The occurrence of hibernating eggs was less numerous when 
older embryos were exposed to the low temperature, in the lots 
at 25" for two days 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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III· General Consideration of Hibernation and Egg Color in 
the Silk worm Eggs 

1. Problem of Hibernation 

Several hypotheses on the phenomenon of hibernation or dor­
mancy of insects have hitherto been presented by many authors, 
such as ROUBA;\D ('22), TOWNSEND ('26), PARKE!, and THOMPSON 
('27), SIIELFORD (,27), SPOOr\E]I ('27), and ROBINSON ('29). 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 eggs 
destined to hibernate, which UMEYA ('26) called a "voltinism-deter­
miner." On the other hand, I believe in the presence of two distinct 
substances, i.e., a "first hibernation substance" and a "second 
hibernation substance," the former being analogous to the inhibi­
tory substance or voltinism- detenniner of the enumerated authors. 

The first hibernation substance principally determines egg color, 
i.e., dark- or light-colored, but it exerts, at the same time, a con­

siderable effect on the hibernating character. While th~ second 
hibernation substance has chiefly to do with 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 be summarized with 

reference to the different types of voltinism, in the following 
table. 

Table 37 

The production of the dark- and light-colored eggs as 
influenced by light and temperature 
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=- I Z~~Zi~n~--1 Conditions I Conditi~-ns du;ing 
Voltinism. during ! during the the later larval 

incubation learlier stadia, and pupal period~ 
------'..-

Bivoltine 

28", dark 
24', light 

20', dark 
15", light 

i __ ----' 
Tetra- I 20°, dark 

voltine I 15', lighl 

i-' 
: 15" dark I • 

. ___ L_ 

Univoltine 

I 20", dark 
, 15'. light 

15', dark 

low, dark 

high, light 

}m'", dark 

high, light 

low. clark. 

1m\,. dark 

high. light 

low. d3rk 

high, light 

1m\,. cbrk 

high, light 

low. dark 

high. light 

lov,r, dark 

low, c1<1rk 

high, light 

low, dark 

high, light 

low, dark 

high, light 

1m\', dark 

high, light 

low. darl, 

higb, light 

lov,r. dark 

high, light 

low. dark 

high. light 

low, c1:1rl< 

high, light 

Results 

dark-colored eggs only 

dark-colored eglts only 

dark-colored (more'; and 
light-colored ~1css) eggs 

dark-colored (less) and 
light -color~9 __ (!norel£.~·gs 

li~~ht-colored eggs only 

light-colored eggs only 

dark-colored eggs only 

dark-colored eggs only 

dark-colored (more) and 
light-colorecf (less) eRgs 

dar-k-colored (less-) an(] 
light-colored (more:, eggs_ 

light-colored eggs only 

light-colored eggs only 

d<lrk-colored eggs only 

dark-colored eggs only 

dark-colored i:majority) and 
light-colored la few) eggs 

dark-colored (some\vhat 
less;· and light-colored 
I,som_~~_~_at more~f_m~ __ _ 

"High" rlesigl1Cltes ;} temperature of 30' or 28' and" low," 20''C. "Light" 
show~ an intensity of ligllt of about 0.5 F.e. 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. If eggs of the 
bivoltine and tetravoltine are incubated under the intermediate con­
ditions (20 0 dark or 15°C. light), and those of the univoltine at 15' 
in the dark, two kinds of moths, one laying dark -colored and the 
other laying light-colored eggs, are produced. The first hibernation 
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 hatching. 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-coiored 
and the light-colored is 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 occur, while below it the 
light· colored are produced. 

The environmental stimuli during both the incubation and the 
earlier 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 larval 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 earlier larval stadia may be called, so to 
speak, an "anabolic" period 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 production 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. I am, however, of 
the opinion that low temperature and darkness during this period 
never accelerate the production of the substance in the body 
fluid, but high temperature and light tend to destroy it. In other 
words, the later period of the life history of the silkworm may 
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 high 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 - r;ells, may cause the occur­
rence of the mixed batches. Even 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
bolic period, may 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 m­
crease the amount of the substance during that period. 

b) The color grades of the dark-colored eggs are much in­
fluenced by temperature during the pupal period and after egg 
laying. 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 goes up or down the farther from that range, 
the less grows the intensity of egg color, and the effective period 
is confined to two or three days after laying. 
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It is possible tbat when pupae are kept at high temperature, 
tbose wbich bave a smaller quantity of the first hibernation sub­
stance are apt to turn 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 compared with tbose kept 
at low temperature. Tbese results run parallel to MATSUMURA'S 

observation that tyrosinase in blood of tbe 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 bas been announced. The numerial 
rate varies witb temperature after pupation. The different rates 
of non-hibernating cggs out of the dark-colored and tbose of 
hibernating eggs out of the light-colored may be tabulated as 
follows: 

Table 38 

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

--------

Temperature I Temperature I'. 

during the after egg 
pupal period laying 

Voltinism 

Proportio-n of 
non-hibernating 
eggs out of the 

dark-colored 

-Proportion of 
hi bernati ng eggs 

out of t he 
light-colored 

high 

Bivoltine 

low 

-~-----

high 

Tetravoltine 

low 

--'--~ -_._--

high 

low 

high 

low 

high 

low 

high 

low 

+ 
ttt 

++ 
++ 

---~--. --- --------- ------
- - ! ! 

tHt 

+ 
ttt 

+ 
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high + 
high 

low flll 
Univoltine 

h igh + 
low 

low Itt 

"High" designates 30'C. in the pup31 period and hig-her tInn 25"C. in eggs, 
\vhilc " luw" indicates 20~C. in pup::tc and lower than ]S°C. for ten days in 

eggs. Symbol - indicates the l'mallest, -!fH the largest, and the others designate 
the intermediate rates in succession. 
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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 univoltinc 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 condit·ions. Since the hibernation takes 
place differently according to individual eggs within the same 
butch and its modification is due to the conditions after pupation, 
we cannot help assuming that the second hibernation substance is 
produced at the time of maturation of eggs. As the EggS are 
liable to become non -bibernating at a certa in temperature during 
two days after laying, the substance might be influenced even in 
this period. 

The Tetravoltine 

The tetravoltinc develops 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 environmental factors for becoming non-hibernating is 
the pupal period in the tctravoltine, in contrast to the bivoltine 
in which the period is immediately after egg laying. In other 
words, the tetravoltinc 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 be explained likewise in the bivoltine. 

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

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

Table 39 

Comparison of the grades of egg color with the rates of 
hibernating eggs in the bivoltine (including the 

univoltine) and the tetravoltine 

Light­
coloreu I 

, 

high 

Imv 

high 

10\'/ 

high 

Imv 

higI] 

low 

++ 
tHI 

+ 
til ++ 

++ + + 

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

Examined further, in dark-'colorcd 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 eggs. 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 of 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 period. If 
the pupa is reared at high temperature, the first hibernation sub­
stance decreases catabolicly and lightens egg 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 laying, egg color of the light-colored gets more 
intensive, however at low temperature within the range of 11 0 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 

l\llmber of batches 

Percent. of hibernating eggs 

+ ++ 
IS ,'19 

3.90 I 2037 
-----~ 

lHt 

87 72 

37.67 5,1.52 
_~ __ i_ 

c) 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 arc different by 
batches as in the case o{ dark -colored eggs. In addition to this, 
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the color variation can be seen among the individ uals 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 little or no amount of the first substance so that 
the less intensive coloration by the second substance manif~st its 
proper tone. 

Light-colored eggs of the tetravoltine contain a greater quan­
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 bivoltine. 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 eggs. 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 tetra volt inc 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, Sltohaku shows a higher 
percentage of dark -colored eggs than Showa. The small differences 
may b2 due to the variations of hereditary amount of the first 
hibernation substance. 

The bivoltine and univoItine 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 thc 
races of the former type, however, there arc some slight differences, 
presumably hereditary, as is the case between the bivoltine and 
univoltine. 

Summary of Part I 

1. There exist two kinds of silkworm 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 laying dark-colored and Iight­
colored eggs depends mostly upon light and temperature during 
incubation. The response is varied according to the different types 
of voltinism. The bivoltine and tetravoltine cause nearly all the 
moths to lay dark-colored eggs when incubated at temperatures 
above 24°C. and in the light intensity of D.S 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 I:;' in the dark for fifteen days, only Iight­
colored eggs result, ane! 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 20e in at the 
dark), and those of the univoltine 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 30D 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 laying 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 enUTIlerated as follows :-a) If incubation is 
performed at 20°C., the light intensity above 0.0095 F. c., or at 
15°C., the light intensity above 0.0136 F. C. favors the production 
of moths laying 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 is 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 20'0, more than sixteen hours exposure, and 
at Fie, 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. 

,i. Though the batch of eggs produced by a silkworm moth 
is, as a rule, uniform in color, mixed hatches, dark- and Iight­
colored are met with. They occur; a) when the bivoltine and 
tetravoltine arc incubated under intermediate conditions or the 
univoltine at low temperature and in the dark; b) when the pupa 
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is 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 occur both in the dark -colored and 
the light -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 dar]<-colored arc kept at 20' for 
two or three days after laying or those to be the light-colored are 
kept at 13cC. for about tcn days after laying, 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 eggs 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) Tn the bivoltine and univol­
tine, more hibernating eggs result if the pupa is kept at 30D C. than 
at 20°. This is reversed in the tetravoltine. b) When the eggs are 
subjected to 13° for fifteen days immediately after laying, marc 
hibernating eggs are produced than when kept at 25' for two days 
or at 13° for more than twenty days. c) In the bivoltine and 
univoltine, most favorable conditions give about 10 per cent of non­
hibernating eggs out of the dark-colored, and more than 00 per 
cent of hibernating eggs out of the light-colored. It is possible 
in the tetravoltine to make all the dark-colored eggs non-hiber­
nating, while the light-colored do not hibernate more than an 
exceedingly small number in any case. 

S. 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 period, 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 batch. 
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9. Egg color, dark or light, is determined by the amount of the 
tirst hibernation substance. The larvae provided with a definite 
amount of the substance turn into moths laying dark-colored eggs, 
hut under that limit they give light -colored eggs. The embryonic 
stage and earlier lan-al 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_ Hibernat ion of both dark- and light-colored eggs is gov­
erned by the amount of the second hibernation substance. This 
substance is increased in amount during the pupal per iod by 
means of high temperature. In the case of all races experimented 
with-during the first or days following egg laying-then, was mani­
fested a high degree of susceptibili ty to the environmental stimuli. 
Th is was also true in the pupal stage in the tetravolting. In both 
cases the second substance may be destroyed by high temperature. 

11. 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 egg 
color variation. 

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

Voltinism 

Univoltine 
Bivoltine 
Tetravoltinc 

Amount of the first 
hibernation substance 

much 
scanty 
scanty 

Amount of the second 
hibernation substance 

much 
much 
scanty 

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

PART II 

INFLUENCE ON THE NUMBER OF MOLTS 

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. 

Lack of food is one of the most effective agents for causing 
excessive molts. BM/NES and GROVE ('16) mentioned that the 
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number of molts in Trogodcrma granarium, Tribalium eastancum, 
and Lathetics oryzae is dependent on their nutritive conditions. In 
Tcnebrio molitor, different numbers of molts, which might have 
been caused by different nutritive conditions, were described by 
HOWi\IW (,96), HEr)! ('23) and others. A more convincing instance 
on this point was noted by TITSCHACK ('26). According to him, 
the larva of Tineala 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 be 
varied by means of changing the kinds of food, as is observed in 
SpflOdromantis blow/ala (PRZIBI~AM and MEGUSAR '12), Bai!tis posti­
ealus (MURPHY '22) and Dytiscus marginalis (BLUNCK '23). 

In the winged insects, especially Lepidoptera, the number of 
molts is dependent upon the climate. \VENIGER noticed an interest­
ing instance; the larvae of Al1theraea mylitta and CcratocamJJa 
imfJerialis have six stages under normal conditions, but have five 
stages, i.e., molt four times only when reared in a warmer, 
moister atomosphere. As to the number of molts of JlttaC1I8 

cecroj,ia, RILEY recorded five and WAILLY six stages. As pointed 
out by DIMMOCK (,88), the above mentioned facts may be due to 
climatic inliuences. The larva of Callosamia prmnethca molts but 
three tinles in warmer climate, as stated by ED\VARDS, it has four 
times according to LINTNER, who reared it in a northern province 
of America (DIMMOCK '88). 

l'J<ZII3RAM (in SjJhodromatltis) and H. H. and C. H. SEVElIINS 

('13) (in Diaphcmmera jenlOraia) have stated that temperature plays 
an important rble in changing the number of molts; a low tempera­
ture decreases and a high temperature increases the number of molts. 
BAR)!ES and G ROVE also called attention to the fact that some larvae 
of TYogoderrna reared In the arid season molt but four or tl-ve times, 
while those rcared in the rainy season molt iive to seven times. 

Tn the silkworm, the larvae molt generally four times. Kot a 
few among them have three or five molts, being designated by 
the name of a thrcc- or five-InoIteI'. These variations are by no 
mEans found simultaneously under the same conditions. 

As to the occurrence of the five-molter, some results have 
been obtained by NnVA ('11), KATO (,11), YOKOTA ('12), KAWi\SE 

and KAliASAWA ('14), SAKAI ('26), and '\fAGAMORI ('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· moIlers. ISHIWATA ('00), IKEDA ('11) and 
TANAKA ('17) conceived the idea that the larvae bred under warm 
and moist conditions with good nutrition, tend to be three· molters. 
Recently MATSU:VIUHA (,29), and OKUSIII and JIBIKI ('2S) 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 etfect of light and tern· 
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 role in changing the number of the 
molts of the silkworm. 

Materials and Methods 

The races used in these experiments were Showa, Nisshin, 
Okusa, Chinese No.1 05, Chinese No.4, and Shil1ano·ohaku, a Euro­
pean race bred in the Nagano- ken Sericultural Experiment Station. 
and hybrids between some of them. They had not been studied 
in particular as regards the molting character, but I-hey were all 
four molting breeds. The eggs of each batch of the 'same race 
\vcrc divided into a nmnber of approxilnatcJy equal parts, as in 
Part l. 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 experi· 
Inents. The temperatures were not varied over 0.5e 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 IXT cent during the course of experilnents . 
An effort was made to give an equal quantity and simila,- quality 
of food for a ll lots of the same experiment. The leaves were 
mostly gathered from two · mulberry races, Kairyonezumigaeshi and 
Kanmso. 

Experimental Results 

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

A. Effects of Light 

a) Light and darkness As a preliminary to more extensive 
experiments numerous trials were made of light and darkness. The 
experiment was done on six different occasions, with fa idy constant. 
results which arc shown in Table 41. ::VIore than 13 per cent or 
three -llloiters 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 

Light conditions 

light 

dar k 

NU111}~r ('If t. he 
three· molter 

220 

5€6 

Number of the 
four-molter 

401:3 

3567 

Percent. of the 
three-molter 

5.20 

13.69 

b) Length of day Since, in the foregoing experiment, light 
appeared to he 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. T he 
eggs, after being divided into five parts, were incubated. These 
par ts were alloted to lots having the alternation of 18 hours of 
light and 6 hours of darkness, 12 hours of light and 12 hou rs 
of darkness, 6 hours of light and 18 hours of darkness, and two 
lots of contiuuous light and continuous darkness. The same 
exper iments 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 

Length of day 

continuous darkness 

6 hours light 

12 hours light 

18 hours light 

continuous light 

-------- ----
-.-.-----.-------~--------.-------- -----

, 

Number of the )lumber of t11e Percent. of the 
three·molter four-molter three· molter 

238 

215 

220 

11:") 

97 

130.3 

1275 

1397 

117G 

1072 

15.42 

14.43 

13.61 

8.91 

8.30 

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

Another detailed experilnent, to ascertain photoperioc1is111 iil 

the occurrence of the three· molter, 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 will 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 

Length of d.:lY 

continuous darkness 

12 hours light 

15 hours light 

18 hours light 

21 hours light 

contiuuous light 

the incubation period 

Number of the i Number of the 
three-molter : four-molter 

I .•• 

3·1 7'16 

44 812 

3 723 

o 725 

1 771 

1 640 

---~ -- ~ --- --

Percent. of the 
three-molter 

4.36 

5.14 

0.41 

o 

0.13 

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, 

c) '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 rdatively equalize the total 
radiation energy through 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, 
orange-yellow 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 3500 lA, which the orange-yellow glass plate 
permits, act similarly to darkness, while those below that limitation 
inhibit the appearance of the three-molter. 

Table ,1,1 

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

--- -- ---------

R3Y filt~_~~__ N:~~~:_~~~t~:~TN~~:~~~~~ltc~le 1~~'~~~~~t;'~:lt~I:C 
222 -- 3692---1 5.67 

dark 

red 

urange-yellow 

violet 

white 

.154 

197 

83 

48 

3263 

3434 

3555 

3688 

4.51 

2,33 

1.28 

d) Period of the embryo to be affected by light The eggs, 
after passing into the next year of 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 lut was 
brought to the light on the first day, the second on the fourth day, 
the third on the eighth day, the fourth on the twelfth day and 
the last was drawn out on the sixteenth day, w hen 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, 
'befo'rc the blastokinesis of the embryo, were able to produce less 
numbers of three -molters than the others undergoing less exposure, 
as shown in Table 45, 

Table 45 

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

Date on which I 

lots were brought' 
to the light-

1st 

4th 

8th 

12th 

16th 
------~---

Number of 
days in the 

light 

16 

12 

8 

4 

0 

Nnmbe~ ~fl-K~mber Of--I p~~~~ 
the 'the the 

three-molter I four-molter , three-molter 

3 298 LOO 

412 0.24 

19 529 3.47 

28 521 3.10 

27 .\49 5.67 

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 lOoe in order to suppress hatch­
ing, 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 described, we assume that light acts 
in the period subsequent to the completion of the embryo, con­
trary to its effect during the proceding period of incubation, 

B- Effects of Temperature 

a) Incubation temperature Four degrees of temperature, 30", 
25", 20° and l5"e were used, The eggs in the hibernating state, 
were divided into four lots and were refrigerated at Que 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 earlier 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 

Incubation temp. Kumber of the 
in C. three·molter 

30 ~,~ 

2519 

20 294 

i 

___ 10_) ___ .1 80 

Number of the 
four·molter 

2567 

2035 

2006 

Percent. of the 
three· molter 

1.14 

1.87 

12.62 

3.84 

At 20°, more than i2 per cent turned into three-molters, and 
at 15°, about 4 per cent resulted. At the temperatures above 2::;', 
the number of three-molters decreased exceedingly. 

b) Period o[ the emhiyo to be affected by temperature To 
know what stages of the embryo 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 lirst 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 
\vere treated to make the eggs hatch out on ihe same day, and 
the experiment was carried out under the condition of darkness. 
The results obtained will be seen in the following table. 

Table ,17 

Results of the experiment in which each lot was removed 
from 25° into ISoC. 
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Date on w hieh 
Jots were 

moved into 15~ 

1st 

3rcl 

6th 

9th 

11th 

~fakit~ KOGURE 

NlImbc~~i~ I -Numhcr off' Number of I Percent. of 
days at ' the the the 

15" three-molter four-molter three-molter 

30 

22 

16 

[I 

: - 8 1836 [. 

15 

42 

38 

26 

1383 

18O!J 

1716 

2035 

0.4:1 

1.07 

2.27 

2.17 

1.26 

The lots which were moved on th~ sixth and ninth days re­
sulted in higher percentages of three· molters, while in other lots 
they were very scanty. l\amely, the low temperature of 15° from 
the beginning of incubation, as well as the high temperature of 25' 
throughout the time of incubation, exerted li ttle 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 arc both favorable for the production of 
three· molters. 

According to the data above given, it is possible to r ecognize 
three developmental stages responding differently to light ap.d ttll1-
perature. The fi rst stage ranges from the beginning up to the 
blastokincsis 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 Antagonistic Actum o/Ught and 
Temperature during the Incubation Perwd 

Four different temperatures, 30°, 25°, 20° and 15cC., were used. 
The eggs 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 

__ • _ _______ ' .' __ .0 ____ _ 

Conditions of incubati:-n I Numb::-:~-;~~· '( ~lImber of thf: 

temp_ in c.! light conditio~~-I three-molter (our-molter 

--~:-I ·· llg~t--- ---1-3---

dark 11 

25 

20 

light 
dark 

light 
dark 

21 
28 

!Ii) 

204 

I liRhr 22 

_ . ___ ~~~ __ .L __ d_a_r_k _ _____ 08_ 

1018 
1065 

1261 
Dafi 

lJ.16 
889 

938 
1068 

Percent. of the 
three -molter 

1.26 
1.02 

1.£4 
2.10 

7.28 
18.(m 

2.29 
5.15 

The. difference between light and darkness was negligible at 
30°, while it was considerable at the other three temperatures, es· 

" 20. 

15.0 

10.0 

~l 
Fig. 1. Variation of three-molter pcrcentag-es in case of incubation. The broken 

line represents \'3I ucs 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 ;1\'erage, 
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 28°C. They resulted in 0.36 per cent of 
three -molters in the light, and 1.06 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 
30cC. , 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 dail y 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 t hree · 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 alit in the same manner, except 
that the first and second instars were reared below 28°C. (Table 50). 
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Table 49 

Effects of the length of day upon the occurrence of the 
three-molter, when the earlier larval stad ia were 

reared above 30°C. 

Lengt h of da)' 

continuous darkness 

:l hours light 

6 hours light 

9 hours light 

12 hours light 

15 hours light 

18 hours tight 

21 hours light 

continuoU!1 light 

Number of the I :::-.rumher of tht' Percent. of t he 
three-mol ter four-molter three-molter 

------
I 

47 89~5 0.52 

47 8419 0.5G 

70 9035 0.77 

"9 8897 0.77 

1.05 9381 LI I 

172 9156 L84 

217 8E85 2,44 

467 7611 5.78 

623 St>16 7.l9 

-----'------ ----- ----

Table 50 

Effects of the length of day upon the occurrence of the three­
molter, when the earl ier larval stadia were kept below 28"C. 

Length o f d:\y 

con tinuous da rkne:;s 

3 hours Iig:ut 

(-) hours light. 

9 hours light 

]2 hou rs ligh t 

15 hours light 

] 8 hours light 

:n hol1!',; light 

continuous lig ht 

-------- = = ----------------- - - ------
Number of tlw i 

three-molter 

:1 
:; 

a 
4 

0 

0 

() 

(I 

I\umber of the i Pt.-feent. of tbe 
four -molter t hree-moltc ," 

.. _----- .-----~- .-- .. _-
R72 0.3<1-

9iXi 0.55 

793 0,38 

SOO 0.50 

822 0.12 

799 0 

8 12 0 

RRi) 0 

8% 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 year than the proceeding trials. The first 
and second instars were reared below 28"C. and then separated 
into nine lots, one of which was kept in continuous darkness, 
seven in more than 12 hours light exposure increasing hour by 
hour up to ] S 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 earlier larval stadia upon 
the occurrence of the three· molter, in the case of more than 

12 hours exposure, the temperature being kept below 28°C. 
--------------------------- - -- --- ---------

I 
Number of the Kumber of the Percent. of the I 

Len~~~~ day ____ I three-molter four-molter 
--'-

three-molter 

I 
---------

I 

continuous darkness I 19 1178 1.59 

12 hours light EO 1121 5.08 

13 hours light 32 1079 2.88 

14 hours light 18 I1S2 1.50 

15 hours light Ii 1050 0.85 

16 hours light 7 1227 0.67 

17 hours light 9 1251 0.71 

18 hours light 9 1200 0.74 

19 hours light 15 1208 1.23 

continuous light 6 1195 0.50 

----------

The very great excess of the three-molter was recognized in 
less than 13 hours ligbt 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 bours 
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 clark, the 
second in red rays, the third in orange-yellow, the fourth in violet, 
and the fifth in white. The temperatu re 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 JO°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 red , orange -yellow and darkened 
conditions. On the other hand, at the temperature below 2RO 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. 
[n short the rays longer than 5500 A which is transmissible by 
the orange-yellow plate, seem to favor the production of the three­
molter below 28°, while the rays of shorter wave-lengths conduce 
to it above 30°. 

Table 52 . 
Effects of light rays of different tilters upon the occurrence of 

the three -molter during the earlier larval stadia 

. .. _ -
I 

Number of the I Hearing Ra}' filters 
I 

Number of the i Percent. of the 
temp in C. I three-molter four-molter ; three-molter 

! I 
! 

dark 67 2566 2.54 

red 
I 146 2727 5.08 

Above 30' orange-yellow H 3 2568 5.27 

violet 391 2357 14.23 

i white 368 2588 12.45 

dark 1 564 0.18 

red 2 6:l8 0.31 

Below 28' orange-yellow (47 0.15 

violet 0 504 0 

white 0 501 0 
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d) Changes of light conditions and the lm'va! stadia, The 
rates of t he appearance of the three -molter seem to vary ",;th 
different larval stadia. At 30"C., six lots of larv~.c were subjected 
to light during different s tadia. The other larval stadia than those 
subjected to light, were reared under a dark condition. 

Table 53 

Results of the experiment to determine 
the larval stadia upon the occurrence 

, 

the effect of light and 
of the three -molter 

- .. ':.;..-=~-:---====-:-:-:---.. - .. ": 

S t:3dia ex po!">f'd to lig ht ! Number of t he Number of the . Percent. of the 
t hree-molter four-moltl!f lhree-molter 

s tadium t light 19 8)2 2,31 

stadium 2 light 2:) 812 2 .75 

stadium :l lig ht 11 820 1.32 

stad ia 1 + 2 light ·e 695 5.70 

stadia ::!+ :,~ light :13 776 ·1.08 

stadia 1 + 2+ 3 light ! 72 (.15 10-"8 
__ I ____ --- ._ .. •. . --- ~. -.--- --

Light exerted a greater effect in the first and second stadia 
than in the third. If subjected to light for any two successive 
stadia, the effect was more prominent than for anyone stad ium. 
The lots kept light from the first to third stadia displayed the highest 
percentages of the three· molter. 

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

B. Effects uf Tempemtu re 

a) Different temperatures Since, lower temperatures than 
28°C., in the foregoing experiments, appeared to be unfavorable 
to the production of the three-molter, while higher temperatures 
than ~Oo resulted in higher percentages of it, fou r different tem­
peratures, 35", 30", 25" and 20cC., were used, for the first and 
second instal'S 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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III 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 
earlier 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 those 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 kCI>t :.it Number of the ~lImber of the Percent_ of the 
high temp_ tllree-rnolter four · molter three-molter 

. __ ._-----

stildium 1 high 82 1251 G.l:) 

st.::tdium 2 high 71 1327 5.08 

stadium 3 high 14 1122 1.23 

stadium ·1 high 0 1084 0 

The results arc 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 A lItagonistic A ctwn of Light and 
Temperature during the Larval Period 

Four lots of larvae in the ear lier larval stadia from the first 
to third, were placed at temperatures of 35°, :n 0 , 27" and 2:"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 (0 their production 
at the higher temperatures. 
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Table 55 

Effects of light and temperature combined during the larval 
period upon the occurrence of the three· molter 

':- COI-u:liti-ons 'of -rcari~g tIle-
earlier instars 

--- .. _----- ---_ .. -

temp. in c.! lig11t conditions 
---['----

35 light 
dark 

31 light 
dark 

27 light 
dark 

23 light 
dark 

Number of the 
three-molter 

115 
39 

17 
-; 

1 
3 

0 
0 

--_._----- .-._-----.-

% 

8.0 

6.0 

4.0 

2.0 

Number of the 
four-molter 

I 
I 

132:) 
1158 

1298 
15&1 

1197 
1427 

IH7 
1290 

Percent. of the 
three-molter 

8.00 
326 

1.29 
0.45 

0.08 
0.21 

() 

0 

/ 

Fig. 2. The effects 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 
is 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 by such authors as KLATT (,08), RILEY, HEKLLIN 
(DIM:vrocK /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 (,261, 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 S16 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 sex-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. It 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 
due to the fact that the races used were not inbred with regard 
to the genetical constitution for the three -molting character. 

It seems that the three-molters occur a little oftener in Chinese 
races than in Japanese and European races. The Fl 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. 



86 Makito KOGtJRE 

On the Cause of the Molting 

It has been believed that the ecdysis of insects has relation to 
their growth. P~ZlBRAM ('12) advocated that in SpllOdromantis the 
doubling of the body weight induced molting, and later, in Camu­
sius morosus, a similar idea was advocated by TITSCHACK ('24) and 
EID~·fANI' ('24). Later T!TSCHACK ('26) observed cases of ecdyses 
of the larva in T ineoia bisel/iela without any growth. E!m1ANN 
also denied any definite connection between growth and molting, 
ascertaining that the inner pressure of the body has no relation 
to the ecdysis. 

TlTSCHACK 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 is more frequent in thc 
female than in the male. He ascertained that the intervals between 
molts arc unusually extended in case of bad nutrition, by virtue 
of the prolongation of counteraction. T!TSCHACK'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 is calculated by 
KAWASE ('1 4) as 0.7 or thereabouts, throughout the entire life 
history. If carbohydrates are chiefly burned, as stated by HIRA· 
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 certa in oxides other than carbon dioxide 
within the body. The molting fluid contains a large amollnt of 
oxalates as well as proteins (PLOTN!KOW '04, SCHl;LZE '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 NAGAMOHI insists that dryness causes an excessi\'c 
number of molts, I am inclined to attribute his results to lowered 
nutrition due to the withering of mulberry leaves. According to 
KAWASE, 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 

-_. ~-== 

T ime of st:~~ - ! N~I1~~-r of ! Body weighlO~-'~;onsumed' CO~-~-u tPul Re5pira~~~~~ 
v3tion in hours ' larvae in g r. in em. in em. quotient 
-------- ------ ---1- --·- - - -

15 100 22.47 42.35 30.56 O.72:l 

30 100 22.23 32.70 19.41 0.594 

63 100 21.17 25.77 14.83 0.575 
_-----L __ . 

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. 

SAKAI believes the third stadium most conducive to the pro­
duction of five-molters in lack of food. NAGAMOR[ 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 molts. 

In the respiratory quotient little difference is found in the 
earlier and later instars. According to HIRATSUKA, less quantitr 
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 
quotient 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 occurrence 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 30cC. light favors 
the appearance of the three -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 blastokinesis 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 varying the number of mults of Tineola, and 
that this may be amplified to some insects, for instance, SPhod1'O' 
mantis, Trogaderma, etc" although several -authors insisted on its 
effectiveness, However TlTSCHACK may deny a change in the 
number of molts caused by the climate, one must consider the 
facts pointed out by DIMMOCK 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, I 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 II 

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 30OC, 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 reo 
suIts 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 embryo, hiRh 
temperature and light arc morc conducive to the three-molter 
than low temperature and darkness. In the intermediate period 
from the blastokinesis to the completion of the embryo, 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 A, and above 
30°, the rays sinaIIer than that favor the production of the three-
molter. cJ 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. In the hybrids between any 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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