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   Humoral Control of  Pupaa Coloration in the Cabbage White

                 Butterfly, .Pieris  rmpae  cruci'vora

                           Teesuya OHTALKI

               Saitamth institttte of  Peebtic Ebalth, Om'ikf-, .]tzpmn

                     <Cbntmunicmted by K.  TAKEWAKI)

   In the cabbage  white  butterfly, Pieris rapae  cnicivora,  it is well  known  that,

under  varying  conditions,  pttpae  of  different colors, viz.  Iight green, dark green,
light brown, dark brown  and  black, are  produeed.

   Poulton (1892) was  the first to carry  out  exp2rimental  studies  on  the mecha-

nism  concerning  the development of  pupal coloration  in pierid species.  He  ob-

served  that Iarvae which  underwent  pupation  in boxes  lined with  either  black

or  red-colored  paper became darkened pupae, whereas  those which  pupated  in

boxes lined with  yellow  or  orange-colored  paper tran$formed  into green  pupae.
Afterward, DUrken (1916) and  Brecher (l917) a!so  reported  that greenish pupae
were  produced if pupation took place on  either  yellow or  orange-colored  back-

ground.  From  these observations,  it seerns  likely that background color  is the

main  factor involved in the deterrnination of  pupal coloration.

   A  little later, Brecher (1919, 1924) carried  out  experiments  of  blinding

pierid larvae either  by covering  the eyes  with  an  opaque  paint or  by cauter-

izing the eyes  electrically  and  concluded  thateffectsof colored  lights on  pupal
coloration  were  exerted  on  the  larvae through  the  eyes.  Similar conclusion  was

also  reached  by  Przibtam  (1922) who  showed  that decapitated Iarvae failed to

adapt  to background color  at  the  time  pf pupation.
   Recently, Hidaka  (1956) has shown  that pupal coloration  in tlie swallowtails,
PZiPilio xuthzfs  and  .P.  Protenor dentetribls, is controlledi  by a  substance  or  sub-

stances  secreted  by the  prothoracic ganglion. It is of  great -interest that Ohni-
shi  aRd  Hidaka (1956) have demonstrated that, in these papilionid species,

environmental  stimulus  determining pupal color  is not  background color. Hi-

daka (1957) has suggested  that sorne  volatile substance  in green leaves of  food

plant may  play a  role  in the production  of  the green  color  of  pupae.
   The  present paper deals with  the results  of  experirnents  carried  out  to dis-
close  the  effect  of  colored  lights on  pupai coloration  in the cabbage  white

butterfiy, Pieris rcipae  crucivora,  and  of  those designed to elucidate  a  possible
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humoral  mechanism  involved in the determination of  coloration  in pupae  of  the

same  specles.

   The  author  wishes  to express  his hearty thanks  to Prof. K. Takewaki of  Tokyo  Univer-
sity  for his interest and  encouragement  and  to  Prof. T. Hidaka  of  the  University oE  Agricul-

ture  and  Technology fer his invaluable advice.

                          MATERIAL AND  METHOD

    Materials used  were  larvae of  the cabbage  white  butterfiy, Pieris TaPae  crtt-

civora,  mainly  collected  from  cabbage  fields and  reared  in breeding cages  in
the laboratory until they had become fully grewn.  A  few of  them  were  obtained

from eggs  laid in the cages  and  reared  throughout  the whole  larval period  un-

til maturation.

   In order  to use  non-diapausal  type larvae as  experimental  materials,  larvae
were  collected  between April and  September in 1956, 1958 and  l959.

   Larvae  kept in breeding  cages  made  from wire  gauze  painted gray  were

fed with  fresh cabbage  leaves. They  developed in good health, and  pupated
normally,  the resultant  pupae  being invariably of  the  brown  type  (vicie infra),

   For the sake  of  convenience  of  description, the period from the cessation

of  feeding of  the  fully grown  larvae to actual  pupation  is divided into three

stages.

   In Stage I, the fully grown  larva ceases  feeding and  wanders  about  in search
of  a  suitable  site  for pupation. Then  it crouches  in the selected  site,  and  even-

tuatly  makes  a  scaffold  for pupation with  silk.  The  body beconies shortened,

the last brownish excrement  being discharged (Stage II). A'Eter a  while,  it

begins spinning  a  silken  girdle and  makes  a  small  pad  of  silk  beneath  the caudul

extremity  Now  it enters  the so-called  prepttpal Stage (Stage III). Several heurs
later, the larva molts  to pupate  using  the  girdle as  a  support.

   If larvae were  transferred  to complete  darkness as  soon  as  they  reached  Stage
I and  kept in the dark until  pupation, the  resultant  pupae  were  invariably dark
brown  in color  (Table 1). In the  following experiments,  when  the  larvae at-

tained Stage II, a  few hours after  transference  to  the  dark, they  were  taken

out,  subjected  to various  operations  (vide ii･aflp･a) and  returned  to  darkness  again.

   All operations  were  performed  under  ether  anesthesia.  To  ligate the body
of  larvae at  desired Ievels, 80#  nylon  thread  was  used.  Removal  of  ganglion
and  severing  of  nervous  commissures  were  done  by  means  of  sharpened  pincet-
tes.

                    OBSERVATIeNS  ON  PUPAL COLORATION

   Pupae  encountered  in the field may  be divided into 5 types according  to

their coloration.  (I) The  Iight .crreen  type  pupae  have integument which  is

green in ground  color.  In this type, there are  no  black spots  on  the back  df
the abdomen,  although  a few brown  spots  may  be present. (II) The  dark  green
type pupae  show  less than 60 yellow  or  brown  spots  on  eaeh  abdominal  segment-

The  integuments  is green in ground  colQr  although  in some  parts of  the body
it is white.  (III) Pupae of  the intermediate type exhibit  niore  than  60 brown
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spots  on  the dorsal side  of  the second  or  the third abdominal  segment,  the spots

being mainlydistributed  in the Iatero-dorsal parts of the segment.  Ground

color  of  the integument is whiti$h  green.  (IV) The  brown  type pupae  are  pro-

vided  with  brown  and  black spots  approximately  equal  in number,  scattered  on

the whole  surface  of the clorsal integument. Ground color  is light brown  al-

though  the intersegmental parts  are  green.  (V) The  dark brown  or black type

pupae  have  blackish spots  on  the whole  dorsa! surface,  ground  color  of  the

integument being brownish gray.
   More  than  250 pupae  collectedi  on  cabbage  leaves in the field were  invariably

of  the green  type, except  for2  individuals showing  a  darker tint (the dark green
type). Twenty-two  pupae  which  had undergone  pupution  on  a  white  wall  of

the laboratory were  of  the brown  or  blaelc type, no  pupae of  the green  type

beiTig found, while  all ef  17 pupae  produced  on  a  dark brown  desk of  the  labor-

atory  were  of  the brown  type.

                        ExpEItlMENTAL REsuLTS

   1) op'ect of environmental  cogor  on  PuPal coloration

   Dyes  used  to stain  filter paper  linjng$ for the  vessels  were  as  follow: O.1%

naphthol  yellow-S  for yellow, O,1% a-naphthol  orange  ior orange,  O.05% amarance

for red,  O.02% guinea  green for green, O.05%  indigo carmine  for blue and  O.03%

chlorophyllin  potassium  salt  for grayish  green, all disso]ved in distilled water.

   Sheets of  fiIter paper soaked  in these  dye solutions  were  dried at  room

temperature.  These sheets  of  colored  filter parer were  applied  closely  to the

                              Table 1

          Color types  of  pupae  produeed  in glass vessels  lined with  sheets

                          of  colored  filter paper
                                                  -p-M ansu

                                                            l
                           Number  of  pupae  showing  color  type

                                                              Total        Lining
                        I II III IV  V

Yellew paper
Orange paper
Red  paper

Green paper

Blue  paper
Grayish  green  paper

Pelyethylene  film

white  paper(g/agrhkt

None { lightdark
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Color type  I: light green; II: dark  .crreen;

                     V  dark  brewn

  ..ttrm Fpt"#..
 M:intermecliate; IV: brown;

or  black.
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inner side  wall  and  the bottom  o'E glass vessels  as  well  a$  the underside  of

glass  covers.  For  control  vessels,  unstaified  filter paper  was  used.

   Several larvae at  Stage II were  transferred from darkness into each  vessel

with  colored  fi]ter paper  linings. The  vessels  were  placed by the window  on

the north  side  of  the room.  In addition  to such  vessels  with  colored  paper
linings, those lined with  colorless  polyethylene  sheets  as  well  as  those without

any  linings were  also  used.

    Color types of  pupae  produced  in these vessels  are  shown  in Table  1.

    It is seen  from Table 1 that pupae  obtained  on  the yellow or  orange  back-

ground, were  mainly  of  the  green type, while  color  types of  pupae  on  the green
or  blue background, varied  from green to brown. On  both red  and  chlorophyr-

lin-K paper pupae  of the green  type were  somewhat  few. On white  paper and

polyethylene sheet  in the light, varying  color  types were  produced, whereas  in

glass vessels  without  lining a  large majority  of pupae  were  of  the green type.

   2) ELffLgct of ligation of larval body at  dderent levels on  PuPag colovation

    Under light anesthesia,  a ligature was  appliedeither  between  the  head and

the  thorax  or  between  the thorax and  the abdomen  of  larvae which  1iad been

kept  in the  dark and  which  were  at  Stage II. After ligation, the larvae were

again  returned  to complete  darkness.

   In one  series  ef  experiments,  ligature was  appljed  between the head  and

the  thorax  jn such  a  way  that it interfered with  the blood circulation  but al-

lowed  nervous  impulse to pass. In the  individuals operatecl  on,  the head  either

became dried up  or  retained  larval characteristics  indefinitely, whereas  the rest

of  the  body developed pupal  characteristics,  although  many  of  the  larvae failed

to molt.  The  resultant  pupal trunks  were  mostly  brown  in color  (Table 2).
    In the other  series  of  experiments,  lafyae were  decapitated after  tightly

Iigating at  the  neck  region.  The  majority  o'f these larvae produced  pupal
trunks of the green  type (Table 2).

                                Table  2

          Coloration of  pupal  trunks  yielded  by  Iarvae ligated at  the neck

/'mttlamum.tmm'  ' t. mp' .p t pmrmtn'ma.  .monttwhwn' mumm  tpmst

Operation

Blood  circulatier] mterfered
with,  passage ot  nervouF

impulse  not  affected

Decapitation

Number  
ef

 pupa{ trunks  
show2?g.

 
color

 
type
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   If a  ligature was  applied  between the thorax and  the abdomen  in larvae at

Stage II in such  a  way  that it affected  the blood circulation  but allowed  ner-

vous  impulses to pass, cuticle  of  the parts both anterior  and  posterior  to the

ligature exhibited  pupal characteristics.

   As  shown  in Table 3, the anterior  part, in the  majority  of  cases,  was  of

the brown  type and  the pesterior part, of  the green  type. In these animals,
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each  of  the  anterior  and  posterior parts was  homogeneously  colored,

showing  two  or  more  types of  coloration  admixed.

                              Table  3

         Coloration of pupal anterior  and  posterior parts yielded by larvae

                    ligated between  therax  and  abdomen

 Anterior  and  posterior
                         IIIIII IIIVIII IVIIV  IIIIII' VIII
 color  type combination*

J/IVIilv

  101

never

Number  of  individuals 1 1 2 1 12 4

V,,III

2

,-

   *Other  combinations  were  not  encountered.

   If larvae were  ligatured between the thorax  and  the  abdemen  at  Stage III,
fnost  of  the individuals showed  the brewnlbrown color  type combination.  This
appears  to indicate that pupal coloration  has already  been determined at  this

stage.  Therefore, in the follewing experiments,  larvae at  Stage II only  were

used  as  materials.

   3) Elfflact of removal  of gairglion on  PzaPal ceJoration

   In larvae at  Stage II, one  of  the following five ganglia, i.e, the supra-oe-

sophageal,  suboesophageal,  prothoracic, mesothoracic  and  metathoracic,  was

removed  under  ether  anesthesia.  After operation  the larvae were  returned  to

complete  darkness.

   Cuticle of  these animals  transformed  normally  into pupai cuticle. All o'f

the larvae deprived of  the  brain and  the majority  of  those  without  the suboesoph-

ageal  or  the prothoracic ganglion transforrned into green  type  pupae, while

most  of  the larvae without  the meso-  or  the  metathoracic  ganglion, transformed
into brown  ones  (Table 4).

                              Table  4

                   Coloration of  pupae  without  ganglia
                                            pmpt  mp

Ganglion rernoved

e-

BrainSuboesophageal

 ganglion

Prothoracic ganglion

Mesethoracic  ganglion
            fftupt-wninsu
Metathoracic  ganglion:･

Wound  enly  (blank operation)

Nurnber  of  individuals showing  color  type

I165152ae IIl8sIo()
1[

 IIIo3224e IVo4215zo vooo165

lt

   4) Severing of nervous  commissures

   In this series  of  experiments,  the nervou$  commissures  were  cut  at  different

levels, i.e. betweeR the brain and  the suboesophageal  ganglion, between the

suboesophageal  and  the prothoracic ganglia or between  the prothoracic and  the

mesothoracic  ganglia.

NII-Electronic  Mbrary  
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  Table 5

with  nervous  commissures  servered

Level  of  severing

Brain-suboesophageal
ganglion

Suboesophageal  gangrion-
prothoracic ganglion

Prethoracic ganglion-
mesothoracic  ganglion

            Mt.- sm"

Number  ei  individuals showing  color  type

I IItIII

7

4

1

'13

6

4

1

4

4

IV

3

o

9

V

1

o

1

    As  shown  in Table  5 summarizing  the results,  severing  of  commissttres  bet-
ween  the brain and  suboesophageal  or  between the suboesophageal  ana  protho-
racic  ganglia inhibited the production of  brown  pupae, while  that between the
prothoracic and  metathoracic  ganglia did not.

                                DIscussloN

    In the experiments  on  the  development of  pupal coloration  in response  to
colored  paper bacl<ground, it was  shown  that, in accordance  with  the results  of

observations  by Pourton, Dttrken and  Brecher, yellow or orange  background in-
duced green type  pupae, while  in complete  darkness  brown  type  pupae  were

produced  irrespective of  background color,  From  this, it seems  probable  that

environmental  color  acts  on  mature  larvae of  the  cabbage  white  butterfiy at  least
as  a  factor determining  future pupal coloration.  However, the experiments  with

colored  paper yielded  much  less uniform  results  than  the observations  conducted

in the field where  pupae  produced  on  cabbage  leaves were  invariably fresh green
in color.  The  problem  may  be settled  by future experiments  with  monochroma-

tic Iights.

    From  the  ligation experiments,  it appears  likely that brownish coloration  of

ptipal cuticle  is caused  by a  humoral factor originating  in the endocrine  organ

situated  at  the thoracic region,  and  that the head plays an  important  role  in
releasing  the humoral  substance.  Furthermore,  it may  be conjectured  from the

results  of  removal  of  a  certain  ganglion that the endocrine  organ  producing  the
above-rrrentioned  factor is, as  demonstrated by  Hidaka  (1956) in thPillio, the

prothoracic ganglion,  and  that  the organ  is stimulated  by the  brain, via  the
nervous  commissures,  to secrete  the factor. This hypothesis was  supported  by
the nerve  severing  experiments.  Following  severance  of  the  nerves  between
the brain and  the protheracic ganglion, green type  pupae  were  produced. This
seems  to show  that the operation  inhibited the  release  of  the factor. But be-
fore drawing a  definite conclusion  further experiments  need  be carried  out.

                                SUMMARY

    I. Development of  cororation  in the  pupae  of  the cabbage  white  butterfiy,
Pieris raPae  crucivora,  on  various  colored  backgrounds was  studied.  Yellowand

:
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orange  backgrounds produced  in the  main  green type  pupae, while  recl  and

grayish  green  baekgrounds mainly  dark green pupae. In complete  darkness,
pupae  were  invariably colored  dark  brown.

   2. If a  loose ligature was  applied  between the head and  the thorax, the

parts posterior te the ligature became pupal trunks of  the brown  type, and,  if
laryae were  decapitated after  a  similar  but tight  ligation, headless pupae of  the

green type  were  produced  even  in complete  darkness. The  ligation between  the

thorax and  the abdomen  resulted  in pupae  with  the  anterior  part of  the  brown
type and  the posterior part of  the  green type.

   3. Larvae  deprived of  either  the brain, the suboesophagea!  ganglion or  the

prothoracic  ganglion  became  green type  pupae. Most  of  the  pupae  without  the
mesothoracic  or  the metathoracic  ganglion  were  of  the brown  type.

   4. These results  seem  to show  that  the  brownish  coloration  of pupal cuti-

cle  is brought about  by a  hurnoral factor which  is relea$ed  from an  endocrine

organ  in the prothoracic  region.  Experiments  in severing  nerves  between  the

brain and  the prothoracic ganglion  suggested  that  the  release  of  the factor is
stimurated  by the brain through  the oesophageal  commissures.
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