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Pyr ro l i z id ine  A l k a l o i d s  in Danaus plexippus L. and Danaus chrysippus L. 
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Summary .  Danaus  p lex ippus  L.  a n d  Danaus  chrys ippus  L.  h a v e  b e e n  f o u n d  to  s t o r e  p y r r o l i z i d i n e  a l k a l o i d s  o b t a i n e d  
f r o m  a d u l t  f ood  p l a n t s  a n d  i t  is s u g g e s t e d  t h a t  t h e  a l k a l o i d s  c o n t r i b u t e  to  t h e  u n p a l a t a b i l i t y  of  t h e  b u t t e r f l i e s  to  po -  
t e n t i a l  p r e d a t o r s .  

T h e  a s s o c i a t i o n  of  m a l e  d a n a i n e  b u t t e r f l i e s  w i t h  p l a n t s  
c o n t a i n i n g  p y r r o l i z i d i n e  a l k a l o i d s  h a s  r e c e n t l y  b e e n  t h e  
s u b j e c t  of  c o n s i d e r a b l e  s t u d y  e-la. B y  f e e d i n g  o n  t h e s e  
p l a n t s  t h e  a d u l t  m a l e s  of  m a n y  d a n a i n e  spec ies ,  i n c l u d i n g  
D. chrysippus,  a c q u i r e  t h e  a l k a l o i d  p r e c u r s o r s  of  d i h y d r o -  
p y r r o l i z i n e s  w h i c h  t h e y  s e c r e t e  o n  p h e r o m o n e - d i s s e m i n a t -  
i n g  b r u s h e s  (ha i rpenc i l s )  S, la. T h e  h a i r p e n c i l s  a r e  u s e d  
d u r i n g  c o u r t s h i p  ~4 a n d  d e f i c i e n c y  in  t h e  a p p r o p r i a t e  di -  
h y d r o p y r r o l i z i n e  k e t o n e  h a s  b e e n  s h o w n  in  one  spec i e s  
(Danaus gi l ippus  berenice iKramer )  to  m a r k e d l y  r e d u c e  
c o u r t s h i p  s u c c e s s  15. U n l i k e  m a n y  o t h e r  d a n a i n e s  m a l e  
D. p lex ippus  do n o t  a p p e a r  to  s e c r e t e  d i h y d r o p y r r o l i z i n e s ,  
o r  o t h e r  p y r r o l i z i d i n e  a l k a l o i d - d e r i v e d  s u b s t a n c e s ,  o n  
t h e i r  h a i r p e n c i l s .  N o r  does  ' h a i r p e n c i l l i n g '  p l a y  a n  i m -  
p o r t a n t  p a r t  in  D. p lex ippus  c o u r t s h i p  16, y e t  in  s o m e  
loca l i t i e s  8 m a l e  D. p lex ippus  a r e  s t r o n g l y  a t t r a c t e d  to  a n d  
a r e  a v i d  f e e d e r s  o n  p y r r o l i z i d i n e  a l k a l o i d - c o n t a i n i n g  
p l a n t s  s u g g e s t i n g  t h a t  t h e  p l a n t s '  c o n s t i t u e n t s  h a v e  
a n o t h e r  role  to  p l a y  in t h i s  spec ies .  

W e  r e p o r t  h e r e  t h e  f i n d i n g  t h a t  D. p lex ippus  a n d  D.  
chrysippus,  w h e n  c a p t u r e d  in  t h e  f ield,  c o n t a i n  u n m o d i -  
f ied  p y r r o l i z i d i n e  a l k a l o i d s  a n d  t h a t  D. p lex ippus  is 
c a p a b l e  of  r e t a i n i n g  a l k a l o i d s  fo r  e x t e n d e d  pe r i ods .  O n  
t h e  b a s i s  of  t h e s e  r e s u l t s  a n d  t h e  d e m o n s t r a t i o n  b y  
EISNER e t  al. 17 t h a t  p y r r o l i z i d i n e  a l k a l o i d s  a r e  d i s t a s t e f u l  
t o  s o m e  i n s e c t  p r e d a t o r s ,  we  s u g g e s t  t h a t  t h e s e  a l k a l o i d s  
m a y  c o n t r i b u t e  t o  t h e  u n p a l a t a b i l i t y  of  D. p lex ippus  a n d  
D. chrysippus.  

A p r e l i m i n a r y  a l k a l o i d  a n a l y s i s  w a s  c a r r i e d  o u t  on  
4 m a l e ,  2 0 - m o n t h - o l d  m u s e u m  s p e c i m e n s  of  D.  plex ippus  
c a p t u r e d  a t  B r o w n  Hi l l  C r e e k  (s i te  A) n e a r  A d e l a i d e ,  
S o u t h  A u s t r a l i a .  F r e s h l y  c a u g h t  b u t t e r f l i e s  f r o m  4 local i -  
t i e s  in  S o u t h  A u s t r a l i a  we re  s u b s e q u e n t l y  e x a m i n e d .  
T h r e e  of  t h e  co l l e c t i on  s i t e s  - A,  B ( 'Wate r fa l l  gul ly)  a n d  
C ( M o r i a l t a  Fal l s )  in  t h e  f o o t h i l l s  of  t h e  M o u n t  L o f t y  
r a n g e s  n e a r  A d e l a i d e  - a r e  w i t h i n  10 k m  of  e a c h  o t h e r  
w h i l e  t h e  4 th ,  D ( R a p i d  B a y ) ,  is 100 k m  s o u t h  of  A d e l a i d e .  

I n  e a c h  l o c a l i t y  l a r v a e  we re  f o u n d  f e e d i n g  on  Asclepias  
rotundifol ia Mill.  N o  o t h e r  l a r v a l  f ood  p l a n t  w a s  f o u n d .  
T h e  m a i n  s o u r c e s  of  p y r r o l i z i d i n e  a l k a l o i d s  a t  s i t e s  A, B 
a n d  C we re  Senecio pterophorus DC.  ( C o m p o s i t a e )  a n d  
E c h i u m  plantagineum L. ( B o r a g i n a c e a e )  18. N o  p y r r o l -  
i z id ine  a l k a l o i d - c o n t a i n i n g  p l a n t  w a s  o b s e r v e d  in  t h e  
v i c i n i t y  of  s i t e  D. 
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Table I. Pyrrolizidine alkaloids in D. plexippus and D. chrysippus 

Species Site ~ Number Sex Principal alkaloids identified b (v.g/butterfly) o 

D. plexippus A 4 
D. plexippus A 5 
D. plexippus B 5 
D. plexippus C 4 
D. plexippus D 7 
D. plexippus D 5 
D. chrysippus A 5 
D. chrysippus C 2 

Seneciphylline/senecionine a (40) Rosmarinine (20) 
Seneciphylline/senecionine a (40) Rosmarinine (30) 
Seneciphylline/senecionine a (30) Rosmarinine (10) 
Seneciphylline/senecionine a (40) Rosmarinine (40) 

Seneeiphylline/senecionine (40) Rosmarinine (50) 
Seneciphylline/senecionine (130) Rosmarinine (130) 

See text. b Identified by comparison of their gas chromatographic (GC) retention times, mass spectra (MS) and thin layer chromatographic 
(TLC) behaviour with those of authentic samples. GC/MS was performed on a Varian MAT 111 GC/MS using a 1.5 m • 3 mm glass lined 
stainless steel column packed with 2.7% SE 30 on Chromosorb P, mesh size 80 100 with temperature programming from 180 ~ to 230 ~ at 
6 ~ and carrier gas (helium) flowing at 15 inl/min. TLC plates (silica gel G made with N/IO NaOH) were run using chloroform, methanol, 
cone. aq. NH 3 (84.5:14.5:0.5) as solvent. Alkaloids were made visible with iodine vapour followed by Ehrlich's reagent to give characteris- 
tically eoloured spots, cEstimated from GC peak heights using the authentic alkaloids for calibration, aGC peaks unresolved. 
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B u t t e r f l i e s  c a p t u r e d  a t  s i t e s  A, B a n d  C c o n t a i n e d  p y r -  
ro l i z id ine  a l k a l o i d s  (T ab l e  I),  t h e  m a i n  a l k a l o i d s  i d e n t i f i e d  
b e i n g  t h o s e  p r e s e n t  in  S. pterophorus (see T a b l e  I I ) .  T h i s  
p l a n t  t h e r e f o r e  s e e m s  t o  be  a m a j o r  s o u r c e  of p y r r o l -  
i z id ine  a l k a l o i d s  for  b o t h  spec i e s  of  b u t t e r f l y ,  a l t h o u g h  
n o n e  we re  s e e n  a c t u a l l y  f e e d i n g  on  S. pterophorus w h i l e  
s p e c i m e n s  we re  b e i n g  c o l l e c t e d  for  t h e  p r e s e n t  i n v e s t i g a -  
t i on .  I n  f ac t ,  o n  o n l y  o n e  of  s e v e r a l  p r e v i o u s  v i s i t s  to  
t h e s e  s i t e s  h a v e  we  o b s e r v e d  D. plexippus (3 m a l e s )  a p -  
p a r e n t l y  f e e d i n g  o n  t h e  s u r f a c e  of a d e a d  b r a n c h  of  t h i s  
p l a n t .  I n  c o n t r a s t  h o w e v e r ,  a l l  b u t  one  of t h e  D. chrysip- 
pus e x a m i n e d  w e r e  c a p t u r e d  wh i l e  f e e d i n g  o n  d e a d  s t e m s  
of  E. plantagineum a n d  t r a c e s  of  e c h i m i d i n e  a n d  o t h e r  
a l k a l o i d s  of  E. plantagineum were  d e t e c t e d  (by  t h i n  l a y e r  
c h r o m a t o g r a p h y )  in  t h e i r  e x t r a c t s  as  wel l  a s  in  t h e  ex -  
t r a c t s  of  D. plexippus f r o m  s i t e s  A, B a n d  C. U n f o r t u -  
n a t e l y  t h e  q u a n t i t y  of  t h e s e  a l k a l o i d s  c o u l d  n o t  be  
d e t e r m i n e d  a c c u r a t e l y  b e c a u s e  of t h e i r  i n s t a b i l i t y  in  t h e  
g a s  c h r o m a t o g r a p h .  

T h e  a b i l i t y  of  D. plexippus to  r e t a i n  i n g e s t e d  a l k a I o i d s  
for  e x t e n d e d  p e r i o d s  w a s  d e m o n s t r a t e d  b y  f e e d i n g  4 
n e w l y  e m e r g e d ,  i n s e c t a r y - r e a r e d  b u t t e r f l i e s  (2 m a l e s  a n d  
2 f e m a l e s )  for  2 d a y s  on  a s u c r o s e  s o l u t i o n  c o n t a i n i n g  
2 p~g/t,l of  a p u r e  p y r r o l i z i d i n e  a l k a l o i d  ( r inde r ine )  w h i c h  
h a d  b e e n  n e u t r a l i z e d  w i t h  c a r b o n  d i ox i de .  T h e y  we re  
t h e n  fed  a s u c r o s e  s o l u t i o n  f ree  of  a l k a l o i d  for  7 d a y s  be -  

Table II. Identification of pyrrolizidine alkaloids in the larval food 
plant and the pyrrolizidine alkaloid-containing plants found at 
butterfly collection sites 

Species Alkaloids present ~ 

S. pterophorus b Seneciphylline, senecionine, rosmarinine o and 
acetylseneciphylline a 

E. plantagineum ~ Echiumine, echimidine 
A. rotundi/olia None 

~Identified as described under Table I (note b). bSe e ref. 1s for earlier 
analyses of these species, opreviously unknown from an Australian 
source and not found in earlier studies of this species is. a A new 
alkaloid; characterization to be described fully elsewhere. 

Table III. Analysis of four D. plexippus given access to the pyr- 
rolizidine alkaloid rinderine then maintained on a diet free of 
rinderine for 7 days 

Specimen Sex Rinderine content (~zg) 

1 c~ 80 
2 3 2O 
3 ~ 60 
4 ~ 70 

fore  b e i n g  a n a l y z e d .  T h e  r e s u l t s  o b t a i n e d  a r e  r e p o r t e d  
in  T a b l e  I I I .  C o n t r o l  b u t t e r f l i e s  (1 m a l e ,  2 f e m a l e ) ,  f ed  
for  t h e  s a m e  p e r i o d  a s u c r o s e  s o l u t i o n  on ly ,  w e r e  f o u n d  
to  be  free  of  a l ka lo id .  

I n  a s e c o n d  e x p e r i m e n t ,  D. plexippus were  a l l o w e d  t o  
f e ed  for  2 d a y s  on  a s u c r o s e  s o l u t i o n  c o n t a i n i n g  1 ~xg/tzl 
of  t h e  a l k a l o i d  m o n o c r o t a l i n e  a n d  a n  e q u a l  c o n c e n t r a t i o n  
of  t h e  a l k a l o i d  h e l i o t r i n e .  T h e y  we re  t h e n  k e p t  o n  a d i e t  
f ree  of  a l k a l o i d  for  e i t h e r  4 or  9 d a y s  be fo r e  b e i n g  a n a l -  
y z e d .  T h e  a n a l y s i s  r e s u l t s  (Tab le  IV) e s t a b l i s h  t h a t  t h e  
b u t t e r f l i e s  a r e  ab l e  t o  s t o r e  m o n o c r o t a l i n e  a n d  he l i o t r i ne .  
C o m p a r i s o n  o f  t h e  a l k a l o i d  c o n t e n t  of  t h e  m a l e  b u t t e r f l i e s  
a f t e r  4 a n d  9 d a y s  i n d i c a t e d  a t e n d e n c y  for  t h e m  to  lose 
m o n o c r o t a l i n e  m o r e  r e a d i l y  t h a n  he l i o t i ne .  T h i s  m a y  
r e f l e c t  t h e  f a c t  t h a t  m o n o c r o t a l i n e ,  a n  a l k a l o i d  of  t r o p i c a l  
Crotalaria spec ies ,  is n o t  n o r m a l l y  e n c o u n t e r e d  b y  b u t t e r -  
f l ies  of  s o u t h e r n  A u s t r a l i a  a n d  as  a r e s u l t  b i n d i n g  s i t e s  
for  m o n o c r o t a l i n e  m a y  n o t  be  we l l  d e v e l o p e d .  T h e  con-  
v e r s e  m a y  o c c u r  w i t h  D. plexippus i n h a b i t i n g  t r o p i c a l  
a r e a s  w h e r e  Crotalaria spec i e s  a r e  f o u n d .  

T h e  u n p a l a t a b i l i t y  of  D. plexippus, D. chrysippus a n d  
o t h e r  D a n a i n a e  is wel l  r e c o g n i z e d .  T h e i r  d i s t a s t e f u l n e s s  
to  p o t e n t i a l  p r e d a t o r s  h a s  p r e v i o u s l y  b e e n  a s c r i b e d  to  
e m e t i c  a n d  t o x i c  c a r d e n o l i d e s  o b t a i n e d  f r o m  t h e i r  l a r v a l  
f ood  p l a n t s  19,~~ H o w e v e r  s o m e  D. plexippus a n d  D.  
chrysippus l a r v a l  f ood  p l a n t s  a re  d e f i c i e n t  in  c a r d e n o l i d e s  
a n d  c o n s e q u e n t l y  t h e r e  a r e  b u t t e r f l i e s  w h i c h  l a c k  t h e s e  
p r o t e c t i v e  p h y t o c h e m i c a l s  21-2~. P r o t e c t i o n  of  b u t t e r f l i e s  
d e f i c i e n t  in  c a r d e n o l i d e s  is t h o u g h t  t o  d e p e n d  on  t h e i r  
b e i n g  v i s u a l l y  i n d i s t i n g u i s h a b l e  f r o m  t h o s e  c o n t a i n i n g  
h i g h e r  l eve l s  of  t h e s e  c o m p o u n d s  ~1 25 a n d  t h e  t e r m  
a u t o m i m i c r y  h a s  b e e n  u s e d  t o  d e s c r i b e  t h i s  p h e n o m e n o n  2a. 

T h e  p r e s e n c e  of  u n p a l a t a b l e ,  t o x i c  p y r r o l i z i d i n e  a l k a -  
lo ids  in  n a t u r a l  p o p u l a t i o n s  of  D. plexippus a n d  D. chry- 
sippus a n d  p r e s u m a b l y  in  o t h e r  D a n a i n a e ,  m a y  p r o v i d e  
a n  a l t e r n a t i v e  p r e d a t o r  d e t e r r e n t .  T h i s  c o u l d  e x p l a i n  
s o m e  f i n d i n g s  of  d a n a i n e  u n p a l a b i l i t y  t h a t  a r e  n o t  s a t i s -  
f a c t o r i l y  e x p l a i n e d  o n  t h e  b a s i s  of  c a r d e n o l i d e  s t o r a g e  
alone. I~OTHSCHILD e t  al. ~6 a n d  BROWER e t  al.  ~7 h a v e  

19 T. REICHSTEIN, J. voN Euw, J. A. PARSONS and M. ROTHSCHILD, 
Science 157, 861 (1968). 

20 L. P. BROWER, Scient. Am. 220, 22 (1969). 
21 L. P. BROWER, W. N. RYERSON, L. L. COPPINGER and S. C. GLA- 

ZIER, Science 761, 1349 (1968). 
22 L. P. BROWER, P. B. McEvoY, IK. L. WILLIAMSO>~ and M. A. 

FLA~NERY, Science 177, 426 (1972). 
23 F. H. POUGH, L. P. BROWER, H. R. MECK and S. R. K~SSELL, 

Proc. natn. Acad. Sci., USA 70, 2261 (1973). 
24 L. P. BROWER and C. M. MOFFITT, Nature, Lond. 249, 280 (1974). 
25 L. P. BROWER and S. C. GLAZIER, Science 188, 19 (1975). 
26 M. ROTHSCHILD, J. VON EUW, T. REICHSTEIN, D. A. S. SMITH and 

J. PIERRE, Proe. R. Soc. B 790, 1 (1975). 
~ L. P. BROWER, M. EDMUNDS and C. M. MOFFITT, J. Entomol. A 

dg, 183 (1975). 

Table IV. Analysis of D. plexippus fed for 2 days on a sucrose solutioi1 containing 1 txg/fxl of the pyrrolizidine alkaloid monoerotaline and an 
equal concentration of the alkaloid beliotrine, then given a diet free of alkaloid for a period before analysis 

No. of butterflies Sex Alkaloid-free period Alkaloids found a (~xg/butterfly) 

9. ~ 4 days Heliotrine (38) Monocrotaline b (34) 
3 ~ 4 days Heliotrine (44) Monoerotaline b (32) 
2 ~ 9 days Heliotrine (36) Monocrotaline b (18) 

Using GC/MS and TLC systems described under Table I. b GC/MS performed on butylboronate derivative. 
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shown  t h a t  W e s t  Af r ican  D. chrysippus are poor  s torers  
of cardenol ides  compared  w i t h  D. plexippus a n d  E a s t  
Af r i can  D. chrysippus. These  workers  d e m o n s t r a t e d  a 
genet ic  e l e m e n t  in  t he  re la t ive  fai lure  of D. chrysippus to  
s tore  cardenol ides  e s t ab l i sh ing  t h a t  th i s  was no t  mere ly  
a ref lec t ion of the  cardenol ide  c o n t e n t  of t h e i r  food p lants .  
In  v iew of t he  pa r t i cu l a r l y  poor  cardenol ide  s torage 
capac i t y  of "West Af r i can  D. chrysippus, ROTHSCHILD 
et  al. 26 were led to w o n d e r  how  these  bu t t e r f l i e s  r e t a i n  
t he i r  aposema t i c  l ife-style and  t h e y  suggested  t h a t  some 
o the r  d e t e r r e n t  factor ,  a p a r t  f rom cardenol ide  s torage  in 
the  a d u l t  bu t t e r f ly ,  is involved .  Th i s  o the r  d e t e r r e n t  m a y  
be t he  pyr ro l iz id ine  a lkaloids  s tored  p r imar i l y  b y  male  
but te r f l ies .  

Our  resu l t s  (Tables I I I  and  IV) indicate ,  a t  leas t  in t he  
case of D. plexippus, t h a t  female  dana ines  are capab le  of 
s to r ing  pyr ro l i z id ine  alkaloids.  H ow eve r  females  ra re ly  
feed on  pyr ro l iz id ine  a lka lo id -con ta in ing  p l a n t s  so t h a t ,  

in areas  where  t he  bu t t e r f l i e s  lack cardenol ides  and  
requi re  pyr ro l iz id ine  a lkaloids  for d is tas tefulness ,  t h e y  
m a y  depend  on t h e i r  s imi la r i ty  to  t he  males  for protec-  
t ion  f rom preda tors .  I n  these  areas  a scarc i ty  of Ba t e s i an  
mimics  m i g h t  be expec ted  since t he  u n p a l a t a b l e  males  
would  be  less able  to  s u p p o r t  a p o p u l a t i o n  of p a l a t a b l e  
mimics  as well  as conspecif ic  females.  This  m a y  help to 
exp la in  the  a p p a r e n t  scarc i ty  of D. chrysippus mimics  in 
W e s t  Afr ica  2~, 27. 

The  re la t ive  i m p o r t a n c e  of pyr ro l iz id ine  a lkaloids  and  
ca rdeno l ides  in confer r ing  d i s tas te fu lness  on the  D a n a i n a e  
r ema ins  to  be assessed. Genet ic  se lect ion favor ing  pyr-  
rol iz idine s torage (and pe rhaps  female  feeding) m a y  oc- 
cur  in  areas  where  a h i g h  p r o p o r t i o n  of l a rvae  feed on 
p l an t s  lacking cardenol ides .  In  these  regions the  a lkaloids  
m a y  c o n t r i b u t e  s ign i f i can t ly  to  t he  u n p a l a t a b i l i t y  of the  
bu t t e r f l i e s  while  in o the r s  t h e y  m a y  serve on ly  to a u g m e n t  
t h a t  confer red  b y  cardenol ides .  

I n v e s t i g a t i o n s  o n  the  T o x i c  E f f e c t s  of B a y e r  73 ( B a y l u s c i d  W P )  o n  E g g s  and  Y o l k - S a c  L a r v a e  of 
Tilapia leucosticta ( Cichlidae) 

~ .  1 D A F L I T S C H E K  1 

Institut Biologie I I I  der Universitdt, Lehrstuhl /i~r Zoophysiologie, A bteilung Physiologische (Jkologie, Au/  der Morgen- 
stelle 28, D 74 Ti~bingen (Federal Republic o~ Germany, BRD), 21 June 7976. 

Summary. The  toxic  effect  of B a y e r  73 on  l a rvae  of Tilapia leucosticta shows a s h a r p  increase f rom the  day  of h a t c h i n g  
to t he  end  of t he  yolk-sac stage.  Di f fe ren t  degrees  of d e f o r m i t y  a p p e a r  in t he  course  of deve lopmen t .  

I n  m a n y  t rop ica l  waters ,  B a y e r  73 is used to c o m b a t  
Bilharziosis .  I t  kills t he  i n t e r m e d i a t e  hos t s  (snails, snai l-  
spawn) a n d  also t he  pa ra s i t e  in i t s  d e v e l o p m e n t a l  stages.  
The  p r e p a r a t i o n  is i n t r o d u c e d  d i rec t ly  in to  t he  w a t e r  
( concen t r a t i on  1 p p m  ~, 3 and  4 -8  p p m .  h4). U n f o r t u n a t e l y  
i t  also effects t he  f ish popu la t ions ,  an  i m p o r t a n t  food 
supp ly  for t he  peopleS-L Since t he  effect  of molluscicides 
on f ry  is no t  ye t  known,  I h a v e  e x a m i n e d  the  toxic  effect  
of B a y e r  73 on  eggs and  va r ious  d e v e l o p m e n t a l  s tages  
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Fig. 1. LC-50 and LC-100 values of the dipping tests with eggs and 
yolk-sac larvae of Tilapia leucosticta. Arrow = hatching day. 

of Tilapia. For  th i s  purpose ,  t h e  fer t i l ized eggs were 
r e m o v e d  f rom the  m o u t h  of t h e  b rood ing  female  and  
ar t i f ic ia l ly  i n c u b a t e d  (25~ T h u s  t he  d e v e l o p m e n t  of 
more  t h a n  2000 eggs and  yolk-sac l a rvae  could be tes ted .  
As ear ly  as the  5th  d a y  af te r  t he  fer t i l izat ion,  t he  em- 
b ryos  ha t ch .  On the  14 th  day  the  yolk-sac l a rvae  become  
alevins.  Be tween  t he  3rd and  14th  day  ba t ches  of 20-40 
eggs or yolk-sac l a rvae  were d ipped  for 60 min  in to  well- 
o x y g e n a t e d  glass t u b e s  con ta in ing  d i f fe ren t  concen t ra -  
t ions  of Baye r  73 (0.5-15 ppm) ,  t h e n  r insed  w i t h  dist i l led 
w a t e r  and  p u t  b a c k  in to  t he  i ncuba to r .  There  the  f u r t h e r  
d e v e l o p m e n t  was  obse rved  for 15 days  and  the  dead  and  
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