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Rearing Larvae  of  the Great Mormon  Butterfiy, fupilio

       memnon  L, (Lepidoptera: Papilionidae),

                  on  Artificial Diet
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                  Sakai, Osaka 593, Japan

 Abstract Larvae  ofthe  Great Mermon  butterfly, Pmpilio memnon  L., were  reared

on  5 types  of  artificial  diets containing  a small  amount  (7-9% by weight)  of  dried leaf

powder of  Citrus sp,  andlor  Zanthoaylum  ailanthoides  (Rutaceae). Percentage of  lst
instar larvae settling  on  the diets, mean  larval stage  and  pupal weight,  and  photo-

periodic response  of  the larvae reared  on  the 3 of  these  artificial  diets were  almost  the

same  as those of  the larvae reared  on  fresh citrus  leaves, and  adu]ts  ieared  from the

diets were  normal  and  fertile.

 Key  words  : Artificial diet; dried leaf powder;  photoperiodic response;  cliapause;

litpilio memnon.

                           Introduction

   Artificial diets are  useful  fbr mass  rearing  of  phytophageus insects in the
laboratory. For butterflies, several  artificial  diets for such  species  as  the swallow-

tail, Papilio xuthus  L, (KAMANo 1965), the large white,  Pieris brassicae L.

(DAvm  &  GARDINER  1965, 1966), the small  white,  A  rcrpae  crucivora  BoisD-

uvAL  (KoNo 1968), have been developed. These  diets may  be classified  into two

types with  respect  to the amount  of  dried leaf powder  contained,  larger (e.g.,
KAMANo,  1965) or  smaller  (e.g., DAvlD  &  GARDiNER  l965; KoNo  1968).

Development of  artifioial diets containing  less dried leaf powder  would  be

important for the rearing  of  the species  the food plant of  which  is Tare  or  the

larvae consume  a  large amount  of  leaves, However, most  of  such  diets were

developed for Pieris species  and  the  development  of  larvae reared  on  the diets

tended  to be delayed compared  with  those reared  on  fresh leaves. AIthough

MoRToN  (1981) reported  the rearing  of  50 butterfiy species  on  his artificial  diet

containing  only  1.5%  of  dried plant materials,  he showed  no  data on  the larval

survivorship  nor  development,

    On  the other  hand, the artificial diet fbr Pieris rapae  developed by SATo

(1974) was  satisfactory  for the larval development, although  it contained  dried

powder  of  chlorella,  a  kind of  algae, to save  the cabbage  leaf powder. He  showed

the possibility ef  butterfiy rearing  on  the diet with  a  smal}  amount  of  dried leaf
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powder. In 1994, we  developed artificial  diets for the Great Mormon  butterfly,
thpilio memnon  L., whose  larvae consume  large amounts  of  citrus  leaves, by
replacing  dried chlorella  powder  in the medium  of  SATo  (l974) with  other

substances,  and  examined  effects  of  these diets on  the larval development,
including photoperiodic induction of  pupal diapause.

                      Materials and  Methods

    Artificial diets: The  composition  of  our  artificial  diets is the one  modified

from SATo  (1974) (Table 1). Dried citrus  leaf powder  was  prepared by drying
leaves of  Citrus sp. in a  ventilated  oven  at  55-600C  and  grinding them  with  a ball
mill. Dried chlorella  powder  in SATo  (1974) was  replaced  by casein,  and

cellulose  powder  or  the powder  of  dried Zanthosylum  ailanthoides  (Rutaceae)
leaves in our  diets. Zl ailanthoides  is the host plant of  most  Japanese Ilapilio
species  but not  some  including A  memnon.  The  powder  was  prepared by drying
the leaves at  55 or  1100C  before grinding by the ball mill. The  preparing
procedures of  these artificiai  diets fundamentally fo11owed SATo (1974): Mixture
I was  disselved in distilled water  and  boiled. When  the mixture  boiled, all the rest
of  the constituents  were  added  and  the diet was  cooled.  The  diets thus made  up

were  stored  in a  refrigerator  until use.  In this experiment,  5 types of  diets were
tested. The  diets B, C, and  E  coRtain  the dried leaf powder of  Citrus sp.  and  Z.
ailanthoides,  while  diets A  and  D  only  that of  C  sp,
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Table 1, The composition  of  5 artificial  diets, A-E, tested in this experiment,

Constituents
Formula

A B C D E

DTied pewder
 Citrtts (dTied at  5SOC)

 ZL ailanthoides  (550C)
           (1100c)
 Cellulose

75g  60g
-

 15g
60g

15g

60g

15g

37.5g37.5g

CaseinMixture
 Ii)

Mixture II2)
Distilled water

 30g

 15g

 30g700ml

Iil,

･l,

l･
:i

i

ii
'>
 Mixture  I (ratio of  weight):  Gallic acid,  2S; Inositol, 25; Vitamin mixture*,  2.5;

 Streptomycin sulfate, 2,S; Sucrose, 100; Ascorbic  acid,  SO.
2>
 Mixture II (ratio of  weight):  Choline chloride,  6; Cellulose powder, 8; KH2P04, 50;

 K2HPO-  20; Sorbic acid,  16; Agar, 200.
*
 Vitamin mixture  (ratie of  weight):  Biotin, O,02; Folic acid, O.02; Bi-HCI, O.1; FMN-Na,

 O.1; B6-HCI, O.1; Nicot.inamide, O,2; Ca-Pantothenate, O.2; Ascorbic acid,  50; Lino"c  acid,

 50.
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    Animals: Eggs of  Papilio memnon  were  obtained  from  the progeny of

females cellected  in Kagoshima  Prefeeture on  May  i, i994. Larvae that hatched

were  divided into 6 groups and  reared  on  these diets (greup A-E)  or  fresh leaves
of  Citrus sp. (group F: control)  at  200C  under  2 photoperiodic conditions  of  13.5

L-10.5D  and  12.5L-11.5D, which  are  slightly  longer or  shorter  than  the  critical

photoperiod  for induction of  pupal diapause at 200C  in the Kagoshima  popula-
tion of  this species  (YosHio &  IsHIi unpublished).  Three to 5 larvae were  reared

in a clear  plastic petri dish (5cm in diameter and  1 cm  in depth) during the  lst

to 2nd  instar. The  3rd to 4th, and  5th (final) instar larvae were  reared

individually in 200ml  and  500ml  clear  plastic cups,  respectively.  Larval stage

and  suryivorship  were  recorded,  and  pupae were  weighed  4 days  after  pupatien.
Individuals whose  pupal stage  lasted more  than 25 days were  regarded  as

diapausing ones.

Results and  Discussion

    There was  a marked  difference in the larval survivorship  among  the groups
reared  on  the 5 diets: Most  lst instar larvae died from not  settling  on  the diet in

the greups C and  E, while  the percentage  of  lst instar larvae settling  on  the diet

in the groups A,  B, and  D  was  not  significantly  differeRt from that in group F

(control group) (P>O.05 by FisHER's exact  probability test, Table 2). The
results  shew  that the diets C  and  E  were  not  suitable  for larvae of  this species.  It

is interesting that the diet C  was  less available  for the larvae than  the  diet B,

though their compesition  was  the same  except  for the higher temperature

treatment of  Z. ailanthoides  leaves. Most  larVae that settled  on  the diet survived

to fbrm pupae in the  groups A, B, and  D  as  well  as  F.

    Although there was  no  significant  difference in the mean  pupal weight

among  the groups A, B, D, and  F, the mean  larval stage  ef  group F  was  slightly

longer than  that  of  groups A, B, and  D  (Table 2). It is probable that since  the

experiment  was  made  in the height of  summer,  the citrus  leaves was  not  in geod
condition.

    All the  individuals that pupated under  12.5L-11.5D entered  diapause, while

some  made  adult  eclosion  within  20 days after  pupation under  l3.5L-10.5D, The

incidence of  diapause was  not  significantly  diffbrent arnong  the groups A, B, D,

and  F  under  13.5hr  photoperiod (P>O.05 by FisHER's exact  probability test),

The  results  show  that the artificial diets A, B, and  D  do not  change  the critical

photoperiod  for induction of  pupal diapause.

    Healthy-looking adults  emerged  from  diapausing pupae  after  cooling  for 2

months  at 1OOC as  well  as  frorn non-diapausing  ones,  unlike  the rearing  of  KoNo

(1968) where  adults  with  crippled  wings  were  obtained.  Hand-pairing was  done

between males  and  females reared  on  the diet D, and  fertilized eggs  were



The Entomological Society of Japan

NII-Electronic Library Service

The 　Entomologioal 　Sooiety 　of 　Japan

ヨ

｛

33Rearing 　Papilio　memnon 　on 　Artificial　Die赱

。

・。

震
旨

。回

量
霞

竃

募“
z
＜
Q

否
Q

台

基
妻
筍

含
謹
Q

響
信

b、

窃

掃
O
昌

O
』
億

ぎ
遷

智
8
。

弓
。

瑟
畠

20

且
。

田
靄

。

壱
目嘱

芭
滋
O

罎
鳥
の

o

壱
　

　

　．（
8．
o

〈

山
）

栃
2

言
唱
。

き［
護
の

讙
。

芝
〔鬥

（
8一
）
° 。

（

OO

ご

寸

（

09

）

臼

ε
9
）

N

（

09

）

°。

（

8一
）

9

鳴

讒．
O

刊
ひ ．
一

邸

卜

寸 ．
O
判冂
［，
N

爵【、．
O
制
翰．
N

儲

＄．
O
刊
い ．
N

訂

卜

N 、
O
刊
m ．
N

蝿

α。
【 ，
O

剰
N ，
N

ρ
ひ ．
一
刊
O．
O【、

£，
n

屑
め ．
讒

凋．
N

料
α。．
一

n

　

磁

寸

制
　
繋

邸

寸．
寸
判凵
O．
O
翰

8．
N

爿
ト ．
O
σ 、

．　蒹　@

19D ° Pt 認 寸

°

（
8

O

囲

（

寸
）

ゆ

09
）三°

。州

）
N

言

゜
。

）

iま29寸
州三

＝
【

駑

 

　　

　

　

　 　
口
自

　
　く

Q 姶 ， ＝ − 貞

．

N

一

ノ

uoP（

軌　（
0j（

　
）

O 　 ） （

N
）

（
α　
）

HNO

一

一

一

N
．O
判

り
．佃

　

　　
　

り
，N

ﾗ
寸

． O
刊

Q
。 ．
N

雨
＝ ．
O

剥
Ψ ．
N

邸卜
N．

O
刊O．
d

8
寸
．
O
料

頃
．

N

三．
°

、
刊゜
3

零

　
　 　
　

　

n寸

馮 ．
輪

軌，
調

禽
．

刊
．

め
≦d刊

．

ヨ

．

m

の

．
調

州べ

り

＝

ioo

ご

（ 震 ） 【 ・（ 8 一）虫

iON8頃
卜

）（

ｱ
日Pto

寸

一肖
一
H
圃 H

]
舘
繍

　

　

　
　
U

　
m

　
　

＜

毎
喟

Q

∩り．

一
− 日
り

．
鍛

　

O
面
q5

像

。

量
哨

も （ 訳

．。Z

　

　
　　（』
。

）

．
Q．
のH

国
邸

O
目

亀鳥
属
婁且

孟

瓜

0

＜

∩

叫

．

囁

　

　

　

・

・

詮
巳
，

D9

っ
刊

霍
＄

霞

（

【

。

・
。

【

要

』
轟

ｩo

二
巴

営

隔
o
．

oZ

零
bo

鎖
ヨ
磊

質
悪
旨

＝
。
。
一

も
（

駅
）
．
。

z

　

口

o

ぢ
画
鴇

拶旨
コ

望

』O
．

OZ

Oo

器
qo

ぢ
ま

　
　

　

　
　
　

　

　
　
　
　

　
　

　
　

　
　

　
　

　
　

　
　

．
Q
°
ON
髯
。
う 

〉

き
【

宥
滋

。

澱
。

。

 
‘
℃

壽
畧

嘱

函

り彎
羅
頃

口
o
　

　　
　

　

　

　
　

　
　　
　

℃

器
。
ζ蹇

§
ミ

§
§匙
。

磊
霍
亶
乙℃
自

。
・
。

妥

箏

莖

§
舅

で
§

．
。

籌
量

で

琶
。
惹

讃

哨彦。
婁
含官 制 ℃ 叩 一 邸 q 営公 雨石の｛ “ ξ 署 紹．料三 。 切 ・哨 ヨ



The Entomological Society of Japan

NII-Electronic Library Service

The  EntomologicalSociety  of  Japan

34 Masanobu  YosEio and  Minoru IsHIi

obtained.

   Thus the resuks  of  this experiment  show  the possibility of  rearing  the Great

Mormon,  Papilio memnon  L., satisfactorily on  the diets A, B, andi  D. Considering

the purpose of cutting  down  the amount  of  citrus  leaves, diet D  is the best among

these diets.
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