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    it has been verified by our previous experiments that the pupal diapause in
LuehdorfLa is eaused by the dormetnt state of the brain ancl that k is simply
interrupted by the intreductien of active 'nrains either frem the 5th iJ}star of thi$

species or frem the mature larvae oÅí Bonzbysc rnori (1951, 1955). In the natural
iife-cycle of this butterfly, the temperature-decarease is surmi$ed to be ene of the
factors that break tkis dormant slale of the brain. In hls excellent experiments
witk Cecropia-silkworm, Williams (1946) fognd that tlte pupal diapause of this
mot}a is also eonditioned by the inactive state of tlte brain, which is activated
by subject!ng tke pupae to lew temperatures. Aceording to Koidsumi and Shibata
(1953), iow temperature in ectober in S'ermosa is a}so necessary for breaking
the pgpal diapau3e of the tropical motl], Eriogyn•a pyret,ornm. A wea!tla of ]ite-
ratures are available for showing from the ecological point of view that expesure
to adequate low temperature is one of the surest ways ef bringing the insect
cliapause to an end.
    The present paper is concerned w!th the similar effect of low temperature
on the err}ergence of butterfiies frem Luehdopta-pupae.

                        Ivraterials aBd Methods

    Luehdor]ia•eggs were collected from the fields, and ]arvae hatcked from them
were reared in the !aboratory. As experimental materials, the pupae that had
passed more than 2 weeks after pupation were used. Irhey were chillea for
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   different clays according to the experiment either in the refrigerator or ice-chest

   or both of them, aiid kept at a room temperature of areund 220C all the while
   upto the day enottgh to discern the imaginal c!ifferenLiation. I?recise precedure
   will be given in each section.

                             Fjxpemimental Results

       In 1950, as a pre}imin.ctry exper!ment, 5 group$ containing 30-w4-0 (liapauslng
   pttpae each were chiiled in ice•che$t (60's'l20C> frem the rr}idcl]e of July for 25,

   35, 4-5, 55, and 65 days respectively. After ceoling, all pupae were held at a room
   temperatRre for about 45 days, and then dissected in orcler to ascertain how far
   the imaginal develepment proceeded. Di$section erevealed that the cooling treat-
   ment yielded in every group the pyecoeious metamorphosis. However, in that
   year some of pupae among the non-treatecl eer,trols were fotmd to start the
   imaginal clevelopment in late October, when ptzpae of 55- and 65-day gt'oups
   were clissected. Therefore, the dft,ta of these groups beeame unreliable.

       Taking the faet into account, the experiment$ were repeated again in l951
   i. e., 7 grozmts comprising tlO dia} ausing, pupae each were kept at 6eC fare}n the
   middle of June fer 7, I4a, 21, 28, 35, tiw2 and 6`l, clacys respectively. Being afraid

   of the ill-effect to expese the pupae saclclenly farom high temperatuxe of the labora-

   tory to low temperature just mentioned, we put them in the ice-ckest(L20 k30C)
   fer the first 5 days, and t}aen movecl them to the refrigerater (60C) for the remaining

   period ef experiment$. After ceo]intncr, {hey were placed in a room at 25CC fer
   about 41t5 days, anCt then dissected in orclex' to decicle their diff'erentiating state.

   It was founcl from this experiment that eooling t'or ltl, days xxTas sufficient te
   break the clormant state of the brain in seme specimens, and the effect of cooiing

   was more consplcueus in number when the pupae were chilled for more than
   35 days.
       In addition, irfiplantation ana extirpation of the chilled brain were carried
, eut in that year. Five brains from the chi]lecl pttpae ju$t taken out from the
   refriger-ator were implante{l into eaeh nen-tye.ated pu}}a through a little cut macle

   at the top of the head. The wouncl was co.ate(l xvith melted paraflEin. 'I]he
   donor6 of brain served as the matearial ef the extirp.ation experiments. Beyoncl
   expectation, oiily a feNv reeipients started the imaginal difl'erentiation, while many

   of clonors coul{l Tealize it in spite of lack oÅí brain.

       In l954,, the following series of experiments were undertaken : fir$t, continuoas

   treatment of low temperature was carried out, i. e., for tl}e first 5 days the pupae

   were cltiHed in ice-chess at 120Å}30C, and then kept in refrigerator at 7eÅ}20C for

   the rest of experimentat} periocl. (Series A). SeceBdly, al'ter 5 days chi!ling in

   ice-chcst, pupae were movec! every etl)er day from ice•chest to refrigerator or
   vice versa (Series B). Thirclly, after S days chil!ing in ice-chest, they were
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chilled altflrnately every third day in ice-chest and refrigerator

treated pupae kept in a room at 220C searved as control. After
were held in tke same room keeping the contrel specimens.
shown in Table 1.

(Series C). Nen-
cooling all pupae
  The results are

Table l. Exposure to low temperatures.

Periodi

 of
coeling

  SeTies
   of
expertment

         Series A
i5 daysi B      lc
20 days

25 days

i Series A
         B
         c

Series A
      B
      C

      i Series A

30 daysl B      Ic

  No. I Date ef
   of term]nation
Speeimens         of cooling

50
30
30

10/W[
le/wl
10/va[

  Doa?e

di$section i

Resnlt of disseetlon

non-differ-I          aclult
e.ntiation I formation

27/x]ff

26/wig

2T/Wl[

     i34        16
25         5
12        18

50
30
29

I ls/If[

i 15/N}-
      'i lr}/NG[

I
I
I

3/ tif

3/ IX

5/IX

l
l
l

I
'

l

3<1,

l8
7

I
[
I

]6
Z2
22

50
30
3e

I 2o/vf[
   20/Sl[
l o-o/li[

l
31.ly

5/.!X

3/iY

28
10

3

1
I
i
I

22
20
27

Percentage
 of adult
ferrr7,atien

32
].7

60

32
4,0

76

l

I
i
l

s

44•

67
90

I

50
27
29

Control non-treated 50

1

I

L,J' /w[. I
ig;x

      1

8/.ec

ts l XX

8/.LX

:
E
I
I

27
6
2

s,. [ 35

23
21
27

I5

4,6

78
93

30

    The table indicates that tlte contlnuous cooling for 15 dckys is effective in
32 percent for breaklng the diapause of Luehdiorfta, and longer cooling improves
geneeralSy the effectiveness to a certain degree. But, when pllpae em'e exposecl
alternate]y every otiner day te l20Å}30C and 7"rk20C in ice-chest and refrigeratox,
percentage of the imaginLal {iliffereRtiatien increases faiy]y higher than when the

pupae are exposed contintiously to 70:k20C, exceptinbcr 15-day grQup The in-
crease of thls percentage is more m. arked when the pupae are tyeated alternately
every third day in ice-chest and in refugerater. For instance, in 25-day group,
w'fien the pupae were subjected to contlnuotis cooling, 4i4, percellt of them
emerged, while when the pupae were chilled. alterriate]y every other day, 67
riercent of emergence was ebtained, and when the pupae were cooled altemateiy
every tkird day, they developed inso butterflies iB as l]iglt as 90 pereent. In every
series, the longer the treatment, the higher the frequency of emeygence, so far

a$ the present experimenti are con. cerned. '
    That the brain hormone is secreted from the brain some clays after eooling,
in Luehdorjia like in Cecropin, is Cloubtful in the ligl3t of transplantatien and ex-

tirpatlon of brain in l951. In order to ascertain thls point t}}e fo]iowing experi-

ments were earried out.
    The duratlen of contimious coelillg was l5, 20, 25 ancl 30 clays each. At
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the time when the cooling yvas finished, about two-thirds of the specimens in each
group were dissected to see their differentiating state, and one-third of them was
kept at 220C for 4i5 'N' 55 days to be dissected at the close of experiments. The
results are shown in Table 2.

Table 2. Exposuve to low temperatitre$

         No. of I Date ofPeriod
 ofcoo)ing ispecimens                dissection
      iL

Days after
cooting to
d}ssectiDn

15 days 92
50

      '10/vfl i
27/uii I

o
4•8

Result of dissection

non-diff.

20 days

78
34,

93
se

l
i
I

t5/wr[

3/IK

       i
2s days l

     '90 i 2{lxa[
5e l 3/ix

E

o
50

64,

34,

 o I 64+
45 wwl 28

difl'erenl'iation

AIBiC
      Percentage
     I of
l D•E ldiffei'entiation

l4, i -

-I-   I
':
1

29

       15
16       32

30 days

26

tnvt-mermttttt ltwwtt""  'ttIOI        25/Vl[
 50         8/IX

o
4,5

1 s7       i 4,0
l 27 i

1

2

-
l

---  I ls

20

31
32

29
44

_l ,, l-
-  - I 23 I

4,4

4,6

      As is shown in this table, soirt}e of the pupae clissected at the time the chilling

  was finishecl, !nclicatetl the iBeeption ef imagina} diff'erentiatEon iii 15, 3}, 29 aBd

  4,4, percent in respective groups, but they remalned a]1 in A grade of differentiation
  of our classification, i.e., the pupal brain was apparently larger and fat bodies

  were semewhat dissociable. In the case tliat the treated pupae were kept at
  220C for aforesaid periods, imaginal differentiation aclvanced to grade D or E, i• e•,

  nearly to perfeet adu}t. However, the percentages weere shown not so much
  inereased during the culturing period, except for those in l5- and 25-day groups.
  In the case of 15-day group we cannet reject a possibility tliat the brai'n liormone

  was secreted Åëcntinueusly after cooling was over. In 25-day grotip, l'iowever,
  the increase of percentage may be ascril]ed to the miss-classifying of pupae just
  after cooling, because the pupae that were cloubtfu} ill their differentiation were
  classed in the non-clifferentiating greup. At ariy xate, in other groups, it is ltighly

 probable that brain hormone was re}eased in the course of cooling•
      T.o afford data favourable to this conclusion from tke different aspect, follow-

  ing experiments were performed. The papae weere chilled as ahove for respective
 days and after cooling, brain alene was removed, aRd 3 brains thus removed were
' implanted into each non-treated intact pupa. Both of these clenors and reci})ients
  were lcept at 220C for tCFIL'v51 days. The data are arranged{ in Tables 3 ancl 4,.
      1]able 3 indicates the percentage of tlie adult-ferinat!on in the case of ex-
  tirpation of the brain. The pupae that had already differentiatecl to grade A
  on extirpation of brain could advance to the aclult form in as high as 81'vlOe
 percent of pupae. On tl]e ether hand, pupae that had shown no clear differenti-
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Table 3. Extix'pation oS })rain after coo}ing.

Period
  of
cooling

 No. of

speelmens

Differentialing $tate
  at the time of
extirpation of brain

        i
]o days I 84

}
;
1

i
non-differentiation 68
differentiation in grade A l6

15 days

20 days

25 days

3e days

90

93

90

96

non-differentiation
differentiation in grad

   76 i

eAl4
i
 non-differentiation
 differentiation in gracle

  66
A 27

 non-differentiatiQn
 differentiation in gx'ade
i

 64
A26

noR-differentiation
diff'erentlatien in grad

   57
eA 39

Result of dissection

non-diff'erentiat
lived l dead

39
o

8
o

28
3

68
2

adult
form

l
13

I

o
}2

'

?ercentage
   of
adult form

1

81

e
86

36
o

l
l
]

27
5

I
I
E
E

 3
22

i
l
l

5
81

30
o

28
o

6
26

'

 9
100

28
o

i

1
l

2].

7
8

32
I 14,

82

ation on extirpation ef brain developed to tlie adult form at most
    From these facts it seerr}s diflicult to avoicl the conclusion
homnene is secreted, as a rule, from the braln uaitil the cooling is

in 14 percent.
that the brain
 finished.

Tab}e 4. lmplantation of 3 chilied l)rains into each pllpa.

Period of
eooling of
 doner

le clays

l5 days

20 days

25 days

3e days

 No. of

   .speelmens

30

28

3i

30

30

  Date of 1
termination l
of eooling & i
implantatieni

  Date
   of
dissection

Resu]t of dlssectien

non-diffL l diflerentiation
I Lived[ dead lAl Bl el D• lÅí-

5/Iil[

]e/w[

15/},lr

2e/v•ff

25/lff

19/vlE

27/x{I

d/.tK

ecf'ec

4/ec

o

2

5

8

II

28

20

25

19

18

l
l

1

"
1

1

6ee

lee

2N
1

 Percentage
    of
differenl/iatlon

7

21

3

10

3

ac dead

    This table indicates the result of implantation of bTains. As mortality is
high beyond expeetation due to unknown factors anil moreever, as we cannoL tell
when death occurred, validity of tkis table may be decreased. Neverthe!ess, it
will be allowed to say tliat the percentage of imaginal differentiation is much
less than the tlieoretieal value,* if a possibility of seeretion from the implanteG
brain is admitted. In other words, the chilled brain wou}d release•its hormoBe
befere removal from cooling and the secretion wonld be finishec2 or at least not

ee 687e in the case
25-dqy$", 84,% in

oÅí 15-days' eooling, 70%o in the

t}ie case of 3e-days',
case of 20-day$', 82% irl the case Qf
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so active as is effective after implanting.

    Next, 'pupae were chilled after extircpation of their brains From the day
brains were extirpated, 5 greups containing 20 brainless pupae each were exposed
to continuous cooling at 70Å}20C fer 10, i5, 2e, 25 and '30 days respectively and
then movecl te a room at 220C. Then they were all dissected after 4,5'v50 days.
The resu}ts aye giveii as Table 5.

rrable 5. Cooling after extirpation ef brain.

}'erioa of
 cooling

IO days

l5 days

20 clays

25 days

30 days

 No. of
speclmens.

E

20

20

20

20

21

 Date of
termmatlon
of cooling

5/ll[

l 0 /},ff

iJr /I'l[

42 0/Xi[

25/l,][

Date of
<lissec{ion

l
i

Resuit of dissection

i non-
I differentiation

l ig•/i•n[ "'nv--K-k'"'L""'

i 2'7/im

I 3/,y
I 3/ ix

    8/iX

20

20

20

21

differeiitiation

      o
      o
      o
      o
      oI

    As
sign of

cannot

 Percenlage
    of"
differenliation

o

o

o

o

o

seen in the table, nene of the pupae deprivecl of their brains shewed any
imaginal clevelopmeRt. It is clear from tliis fact that the brainless pupae
differentiate towards adults, even if they are exposee to low temperature.

Discussion

    It has been reveaiecl that low temperatuve is one of the factors terminatlng
the pupal diapause of Luehaorfia. In adclit2en, alternative exposuye of pupae to
12e i 30C and 70 }:20C is more effective for breaking the cliapause than continltoils

coolillg at 70Å}20C, and fuurtlter the exposure alternative every third da.y is better

than that eveTy otker clay. Kew do these {lifferences axise?
    In this connection we remind of our ebservations ei} neuxoseeretory cells in the
barain oÅí l'htlosamia subjected !e low temperature of 30C. AIthouglt Philosarnia is

non-diapausing species, by exposing the p}Jpae to such'low temperatuxe, secretion
produets inerease extraordinarily in the neuroSecretory eells. These p}'oducts
are released from the cells premptly after pupae were moved to room temperatures.
We assume that in this case tlie secretio]i of secretory material from tlie ce}1 a}ene

wi]1 be checked by low temperature, although its production oceurs at low tem-
perature. ]f it is avai]able fox Luehaorfca, the neurosecretory cells ef Luehdhorfia
is ceitsiclerecl to gellerate active}y the neurosecretory material at areund 7eC, but

this temperature ls too colcl, if not entirely, to }ermit its secretion from the ceil

to occur in due eourse. However, not only it$ pre[luction btit its seeretion 'from

the cell would occuy at 12eC. This woLtld be {ihe reason why a}Sernative ex-
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 posure to 7eC and 120C is more effeetive than the continÅétous cooling ef 7eC.
 And the expesure alternating between the two temni eratures at 2ntervals ef 2 days

 may keep tl}e pupae in ste}) witk both plienemena of production and secretien
 of nearosecretery material better than that at interv.als of ene clay. Yurther
 histoieglcal investigation of the neurosecretory cells in .Lteelzclor:lia itself is reguired

 to authorize the assumption.
     Chiliing the brain at -30N-10C is also effective, but it is not suitable because
 of high mortality of pupae (unpub}ished dasa). rrhe tem})eratures a litLle higher
' thalt 1?.OC will be a'so effective, fer serne of the diapausing pRpae (levelep oc-

 easionally in the laboratery in Oceober. }<oidsumi aRd Shibata (1953) deinonstratecl
 that in Ertogyna pyretorunt a little decrease of tempsxature in October in Formesa
 is enetigh to cause the inception of emergence of this moth.
     As stated in our previous pa.pers, the brain liormone is not direct}y involved
 in the imaginal differentiation, but it stimulates tlie l?rethoracie gland so a$ to
 secrete a different herrr}one which is directly responsible for this cliff'erentiatien•

 When the }atter hermone is accumulated in the body fiuid above a certain amount,
 the !mag{nai rudiments can react upon lt, regardless of their previous cooling•
 Tke prothoracic gland 2s alse always capable for reacting upon the brain hormone
 even in the eourse of cooli,ng, But the imaglnal rudirr}ents do not neeessarily
 underge the development at .lovsr tem})erature. Mornt hoy.enesis ef tLz•ese rudiments

 oecltxs k] tocreneral when the puptfte are retuxned to the warmth.

                                Summary

     1) LztehcZotftas ja,ponica has a long pupal dia?ause clue to the clormant state
 ef the brain. [I'he cliapause is eoml)leted by virÅíue of the reactivation with
 tlteir exposure to lew ternperature.

     2) [l]he effect of !ow teinperature is more evldent when the ptipae are cbiS]ed
 alternate}y ett between 70C ancl 12aC t}]an when chillecl continuously at 70C.
 And the chil}ing alterflative ever>r third day is more effective thcan tliaL every
 osher day.
     3) The pnpae started the irnagina} clifferentiation immeclla•tely af'ter chilling,

 can C{evelop into adu}t forin ln more than 81 percent, even if Ihe brain is removed,

 while t"ne diapausing pupae th.at have receivecl 3 such chilled brains canllot resume

 the deve}opment. Therefere, the brain hermone i$ assumed to be secreted in the
 course of cooling at low terr)})ercrttures.
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