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20 to  40 k R  of 7- rays  would  be  necessa ry  to  i nduce  a suffi-  
c i en t ly  h i g h  r a t e  of l e t h a l  f ac to r s  or  s t e r i l i ty  of t h e  males .  
I n  o rde r  to  r educe  a n a t u r a l  p o p u l a t i o n  of Z. diniana 
not iceab ly ,  t h e  re leased ma le s  would  h a v e  to  o u t n u m b e r  
t h e  n a t u r a l  ma le s  cons iderab ly .  T h u s  t h e  t e c h n i q u e  could  
on ly  be  app l i ed  w h e n  t h e  n a t u r a l  p o p u l a t i o n s  r e a c h  a p o i n t  
of m i n i m u m  dens i ty .  However ,  u n p u b l i s h e d  resu l t s  of m a l e  
c a p t u r e s  in  sex t r a p s  b y  vow SALIS ind ica t e  t h a t  even  a t  
a n  e x t r e m e l y  low p o p u l a t i o n  d e n s i t y  (1 l a r v a  p e r  400 kilos 
of l a r c h  twigs  s) t h e  m o t h  p o p u l a t i o n s  are  h i g h e r  t h a n  
one would  e x c e p t  f rom t h e  d a t a  of t h e  l a r v a l  census.  W i t h -  
o u t  f u r t h e r  c o n t r o l  measu re s  i t  wou ld  t he r e fo re  be  v e r y  
d i f f icu l t  t o  p r o d u c e  a n d  re lease  such  a n u m b e r  of i r r ad i a t -  
ed ma les  as would  b e  necessa ry  for  t h e  con t ro l  of a ] a r g e  
area.  The  a p p l i c a t i o n  of c o n v e n t i o n a l  insec t ic ides  be ing  
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Fig. 2. Histogram of mated females with percentage of insemination 
(abscissa) of their eggs. Each column represents a class of 5%; the 
height indicates the number of females per class. Dark columns, fe- 
males caged with 2 to 7 normal males. White columns, females caged 
with a normal plus 1 to 6 irradiated males. 

o u t  of ques t ion ,  a f u r t h e r  r e d u c t i o n  of t h e  m i n i m a l  popu-  
l a t i ons  d u r i n g  t h e  l a r v a l  s tage  m i g h t  b e  necessary .  T h i s  
coud  be  a c h i e v e d  b y  microb io log ica l  con t ro l  m e t h o d s L  
U n p u b l i s h e d  field e x p e r i m e n t s  b y  BENZ a n d  AVER in-  
d i ca t e  t h a t  a b o u t  90% l a r v a l  m o r t a l i t y  c an  be  ach i eved  
b y  t h e  a p p l i c a t i o n  of  a p r e p a r a t i o n  of Bacillus thurin- 
giensis in  c o m b i n a t i o n  w i t h  i t s  exo tox in .  However ,  t h i s  
m e t h o d  would  be  expens ive .  W h e t h e r  or  n o t  a r e d u c t i o n  
of t h e  n a t u r a l  m a l e  p o p u l a t i o n s  b y  p r e c a p t u r e  in  m a l e  
t r a p s  b a i t e d  w i t h  v i rg in  females  or t h e  sex p h e r o m o n e  
would  be  p r a c t i c a b l e  in  t h e  field h a s  to  be  inves t iga t ed .  

Zusammenfassung. B e s t r a h l u n g  y o n  M ~ n n c h e n p u p p e n  
des L~rchenwick le r s  m i t  40 k R  induz ie r t e  in  den  S p e r m i e n  
so vie le  L e t a l f a k t o r e n ,  dass  n u t  e ine sehr  k le ine  N a c h k o m -  
m e n g e n e r a t i o n  h e r a n w a c h s e n  konn t e .  B e s t r a h l u n g  m i t  
20 k R  e rgab  eine r e l a t i v  grosse m ~ n n l i c h e  u n d  eine pro-  
z e n t u a l  ger inge weib l i che  F I. L e t z t e r e  u n t e r  s ich gek reuz t  
e r g a b  p r a k t i s c h  ke ine  N a c h k o m m e n .  Zwei  lde ine  Vorve r -  
suche  l i e fe r ten  Sch~ tzwer t e  t iber  d e n  p o p u l a t i o n s d y n a m i -  
schen  E f f e k t  ve r sch i eden  h o h e r  P r o p o r t i o n e n  y o n  b e s t r a h l -  
t e n  zu u n b e s t r a h l t e n  M ~ n n c h e n  s. 
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S e x - P h e r o m o n e s  i n  Bradysia tritici 

T h e  s e x - p h e r o m o n e s  h a d  been  desc r ibed  in m a n y  orders  
of insects ,  m a i n l y  in o r t h o p t e r a ,  l ep idop te ra ,  co leop te ra ,  
h y m e n o p t e r a  a n d  some d i p t e r a  1-s. Chemica l ly  t h e y  were  
desc r ibed  m a i n l y  as u n s a t u r a t e d  a lcohols  a n d  t h e i r  es thers ,  
a l i pha t i c  acids  a n d  t e rpene - l ike  c o m p o u n d s L  A n u m b e r  
of p h e r o m o n e s  h a v e  b e e n  f o u n d  to  be  l ip ids  5. I n  al l  t h e  
cases, t h e  s u b s t a n c e s  m u s t  be  votat i les .  I n  t h e  m a j o r i t y  
of t h e  cases, p h e r o m o n e s  are  p r o d u c e d  as l iqu ids  a n d  
t h e y  e v a p o r a t e  i n to  t h e  a i r  a n d  fo rm a c loud  of  v a p o r  
ove r  t h e  a n i m a l  s . 

I n  some insects ,  t h e  p r o d u c t i o n  a n d  t h e  r e sponse  to  
sex  a t t r a c t a n t s  a re  u n d e r  h o r m o n a l  con t r o l  a n d  are  regu-  
l a t ed  b y  t h e  co rpo ra  a l l a t a ;  t h e y  el ici t  a ler tness ,  s exua l  
exc i t emen t ,  a n t e n n a l  wav ing ,  a n d  wing  rais ing,  as wel l  
as cou r t sh ip" ,  ~,10-1~. Our  pu r pos e  was  to  i n v e s t i g a t e  
w h e t h e r  p h e r o m o n e s  also occur  in  t h e  f a m i l y  Sc ia r idae  
and,  if so, in  w h i c h  sex. 

I n  o rde r  to  ver i fy  t h e  poss ib i l i t y  of ex is tence  of a 
p h e r o m o n e  of s exua l  a t t r a c t i o n  in  Bradysia tritici (Sciara 
ocellaris), p u p a e  were  i n d i v i d u a l l y  i so la ted  in cu l tu re  glass 
t u b e s  to  o b t a i n  v i rg in  flies. W h e n  t he  flies h a t c h e d ,  ma les  
a n d  females  were  s epa ra t ed .  W e  also used  n o n - v i r g i n a l  
flies to  ve r i fy  w h e t h e r  or  n o t  t h e r e  were  d i f ferences  in  
b e h a v i o r  b e t w e e n  the se  flies a n d  t h e  v i rg in  ones. 

The  female  flies were  p l aced  in  l i t t l e  glass  t u b e s  for  11/, h ,  
whi le  t h e  ma le  flies were  p l aced  in o t h e r  t u b e s  for  t h e  
same  t ime ,  a n d  o t h e r  glass t u b e s  w i t h o u t  a n i m a l s  were 
used  as controls .  

W e  used  r e c t a n g u l a r  boxes  m a d e  of t r a n s p a r e n t  p la s t i c  
c o n t a i n i n g  food;  t h e  boxes  h a d  l a t e r a l  holes,  in  w h i c h  
t h e  glass  t u b e s  could  be  i n t r o d u c e d  (Figure) .  

Males or females  were  p l aced  in to  t h e  boxes .  The  glass 
tubes ,  in  w h i c h  t h e  flies r e m a i n e d  for  lX], h,  were  in t ro -  
d u c e d  i n t o  one  of t h e  box  holes,  i m m e d i a t e l y  a f t e r  re-  
m o v a l  of t h e  flies. I n  t h e  o t h e r  hole,  we i n t r o d u c e d  t h e  
con t ro l  glass t u b e  w h i c h  h a d  n o t  h a d  flies in  it. W h e n  
t h e  flies in  t h e  b o x  were  males ,  t hose  wh ich  r e m a i n e d  
in t h e  glass t u b e s  were  females,  a n d  v ice-versa .  W e  m a d e  
5 t y p e s  of e x p e r i m e n t s :  

Glass  t u b e  
v i rg in  ma les  
v i rg in  males  
n o n  v i rg in  ma le s  
v i r g i n  f emales  
n o n  v i rg in  females  

P l a s t i c  box  
v i r g i n  females  
n o n  v i rg in  females  
n o n  v i r g i n  f emales  
v i r g i n  ma les  
v i rg in  males .  

D u r i n g  10 ra in  we c o u n t e d  t h e  n u m b e r  of flies w h i c h  
e n t e r e d  t h e  glass  t u b e  ( e x p e r i m e n t a l  a n d  control ) .  As 
t h e  flies were  n o t  ma rked ,  t h e  c o u n t i n g  inc luded  also 
cases in  w h i c h  t he  s ame  f ly e n t e r e d  more  t h a n  once.  
T h e  re su l t s  o b t a i n e d  for  Bradysia tritici a re  s h o w n  ~n 
T a b l e s  I a n d  I I .  

These  resu l t s  show t h a t  v i rg in  females  of Bradysia 
tritici p r o d u c e  some a r o m a t i c  s u b s t a n c e  to  a t t r a c t  t h e  
males .  T h e  o d o u r  seems t o  d i s a p p e a r  as  a r e s u l t  of t h e  
copu la t ion .  W e  r e p e a t e d  t h e  e x p e r i m e n t  u s ing  females  
(v i rgins  or  non-v i rg ins )  in  t h e  p l a s t i c  b o x  a n d  glass  t u b e s  
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w i t h  ma les  o d o u r  (v i rgins  or  n o n  virgins) .  The  resu l t s  
were  s imi la r  in  t h e  e x p e r i m e n t a l  a n d  in t h e  con t ro l  glass  
t ubes ,  i n d i c a t i n g  t h a t  ma le s  do  n o t  p roduce  a s u b s t a n c e  
w i t h  t h i s  effect.  

I n  o rde r  to  d e t e r m i n e  t h e  p a r t  of t h e  a n i m a l  w h i c h  is 
r e spons ib l e  for  t h e  p r o d u c t i o n  of t h i s  subs t ance ,  t h e  h e a d  
of t h e  females  were  cu t  a n d  p l aced  in a glass t u b e  whi le  
t h e  bod ies  were  p u t  in  a n o t h e r  glass tube .  

As  can  b e  seen  in  T a b l e  I I ,  t h e  b o d y  is p r o b a b l y  re-  
spons ib le  for  t he  p r o d u c t i o n  of t h e  p h e r o m o n e  a n d  p r o b -  
ab ly  t h i s  s u b s t a n c e  is sp read  al l  ove r  t h e  a n i m a l ;  t h i s  

would  p e r h a p s  exp la in  t h e  smal ler ,  b u t  cons iderab le ,  
n u m b e r  of flies t h a t  en t e r ed  t h e  glass  t u b e s  w i t h  h e a d s  
of females .  

T h e  ma les  t h a t  en t e r ed  t h e  glass t u b e s  w i t h  t h e  bod ies  
of v i rg in  f emales  t r ied ,  s o m e t i m e s  successfully,  t o  copu-  
l a t e  w i t h  t h e  headless  females .  

I n  o rde r  to  ve r i fy  w h e t h e r  t h i s  p h e n o m e n o n  also occurs  
in  o t h e r  species  of t h e  f a m i l y  Sciar idae ,  we r e p e a t e d  t he se  
e x p e r i m e n t s  w i t h  Bmdysia hygida a n d  w i t h  Rhyncho- 
sciara angdae. So fa r  our  r e su l t s  show t h a t  t h e r e  is n o  
s e x - p h e r o m o n e  in  these  species. 

S e x - p h e r o m o n e s  h a v e  b e e n  f o u n d  in m a n y  orders  of 
insects .  I n  some  b a r k  bee t l e s  t h e r e  are  species w h i c h  
hyb r id i ze  in  t h e  l a b o r a t o r y  b u t  n o t  in  n a t u r a l  condi t ions .  
T h e  species  h a v e  d i f f e ren t  p h e r o m o n e s  s. LANIER s h a s  
s h o w n  t h a t  sex  a t t r a c t a n t s  t e n d  to  p r e v e n t  n a t u r a l  
h y b r i d i z a t i o n  b e t w e e n  these  species a n d  t h a t  speci f ic i ty  
is g r ea t e r  u n d e r  f ield cond i t ions .  I n  n a t u r e ,  p h e r o m o n e s  
p r o v i d i n g  e n c o u n t e r s  or  i den t i f i c a t i on  of ma les  a n d  
females  c e r t a i n l y  increase  t h e  p r o b a b i l i t y  of m a t i n g .  I n  
th i s  way,  in  t h e  i n t e r a c t i o n s  of some  species w i t h  t h e i r  
e n v i r o n m e n t ,  p r o b a b l y  t h e r e  is a d e p e n d e n c e  on  o l f ac to ry  
p e r c e p t i o n  for  s u r v i v a l  s. A l t h o u g h  a g rea t  n u m b e r  of 
e x p e r i m e n t s  w i t h  p h e r o m o n e s  h a v e  been  done  recen t ly ,  
one  h a s  no  idea  of t h e  e x t e n t  t o  w h i c h  t h e s e  s u b s t a n c e s  
occur  in  n a t u r e .  I t  seems  clear ,  however ,  t h a t  t h e y  con-  
t r i b u t e  t o  r e p r o d u c t i v e  i so la t ion  of species as well  as  to  
increase  t h e  r e p r o d u c t i v e  f i tness .  

Bradysia tritici be longs  t o  t h e  s a m e  f ami ly  as  Rhyn- 
chosciam angdae a n d  Bmdysia hygida, b e i n g  also f rom 
t h e  s a m e  genus  as t h e  l a t t e r .  I n  B. tritici, t h e  p r o d u c t i o n  
of  s e x - p h e r o m o n e s  p r o b a b l y  is one  of t h e  t r e n d s  fol lowed 
b y  n a t u r e  for  spec i a t i on  za. 

Box in which the animals were placed to test sex-pheromone. In 
one of the little glass tubes was the odour of the fly, and the other 
was control. 

R~sumd. L a  pr6sence  d ' u n  p h 6 r o m o n e  d ' a t t r a c t i o n  
sexuel le  d a n s  une  esp~ce de  d ip tbre ,  Bradysia tritici, 
avec  des  cons idd ra t ions  sur  l ' i m p o r t a n c e  de ce t t e  subs-  
t a n c e  d a n s  la  f o r m a t i o n  des  esp6ces es t  d6cr i t .  

Table I. Boxes with males, glass tubes with female odour 

C. CASARTELLI, L. R. SCHREIBER, 
L. A. TOLEDO, L. E.  DE MAGALH~-ES 
a n d  V. L.  BASILIO 

Number Number Number of 6 that 
of virgin of ~ used entered the glass 

used tube with female 
odour 
(10 mha) 

Number of C7 
that entered 
the control 
glass tube 
(10 rain) 

Departamento de Biologia, Instituto de Bioci¢ncias, 
Universidade de Sgo Paulo, C. postal ] 1230, 
S~o Paulo (Brasil), 25 March 1971. 

24 17 (virgins) 36 
17 20 (virgins) 33 
10 15 (virgins) 17 
9 12 (virgins) 54 

16 4 (virgins) 48 
10 10 (non virgins) 1 
10 26 (non virgins) 1 

Table 11 

Number of virgin Number of c~ that  Number of c~ that  
c~ placed in the entered the glass entered the glass 
plastic box tubes with 9 bodies tubes with 9 heads 

of virgin ~ of virgin 
(10 miD) (10 min) 

30 28 8 
30 27 7 
30 12 6 
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