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Steril isation of Males of the Larch Bud Moth Zeiraphera diniana by 7-rays  

Since  t h e  s t r i k i n g  success  of  t he  A m e r i c a n  e r ad i ca t i on  
p r o g r a m  for  t h e  screw w o r m  b y  t h e  release of s ter i l ized in-  
sec ts  on ly  a few f u r t h e r  pos i t i ve  r e su l t s  w i t h  t h i s  m e t h o d  
h a v e  b e e n  r epor t ed .  T h e  s ter i le  m a l e  t e c h n i q u e  seems  to  be  
useful  for  t h e  con t ro l  or  e r a d i c a t i o n  of a few se lec ted  spe- 
cies of insec t  pes t s  only.  A n  e x t r e m e l y  low p o p u l a t i o n  den-  
s i ty  is a p r e r equ i s i t e  of p a r a m o u n t  i m p o r t a n c e .  

T h e  l a r ch  b u d  m o t h  Zeiraphera diniana (Guen6e) is a 
pe s t  of t h e  a lp ine  l a r ch  fores ts  in  F rance ,  I t a ly ,  Switzer-  
l and  a n d  A u s t r i a  x w i t h  r egu la r  g r a d a t i o n  cycles of 8 to  9 
years2 ,L  The  h i g h  p o p u l a t i o n s  defo l ia te  t h e  l a rch  fores ts  
a n d  t h e n  fal l  b a c k  to  low dens i t y  levels.  Since t he  popu l a -  
t i ons  of t h e  d i f f e ren t  a lp ine  va l leys  a re  a u t o n o m o u s  to  a 
large  e x t e n t ,  a n d  s ince  low d e n s i t y  levels  of t h e  species 
occur  n a t u r a l l y ,  Z. diniana m i g h t  be  a c a n d i d a t e  for  t h e  
successful  app l i c a t i on  of t h e  s ter i le  m a l e  t echn ique .  How-  
ever,  t h e  d e n s i t y  of t h e  b u d  m o t h  p o p u l a t i o n s  is n e v e r  so 
low as in  t h e  case of t h e  A m e r i c a n  screw worm.  A d d i t i o n a l  
con t ro l  measu re s  m i g h t  the re fo re  be  necessary ,  before  t he  
s ter i le  ma les  are  re leased in t h e  field. 

The  fo l lowing e x p e r i m e n t s  were  m a d e  in  o rder  to  e s t ab -  
l i sh  t h e  dose of r a d i a t i o n  needed  for t he  s t e r i l i za t ion  of 
t h e  m a l e  m o t h s .  Male p u p a e  were i r r a d i a t e d  w i t h  d i f f e ren t  
doses of ~-rays  1 to  2 d a y s  before  eclosion of t h e  mo ths .  A 
source  of *°Co (10 k R / m i n )  was  used, as desc r ibed  in a n  
ear l ie r  paper* .  T a b l e  I shows  t h a t  i r r a d i a t i o n  w i t h  doses  
u p  t o  40 k R  d id  n o t  in t e r fe re  w i t h  eclosion a n d  morpho lo -  
gical  d i f f e r en t i a t i on  of t h e  m o t h s .  Doses  of 60 k R  reduced  
t h e  h a t c h a b i l i t y  a n d  t h e  s p r e a d i n g  of t h e  m o t h ' s  wings  
on ly  s l ight ly ,  whe reas  doses of  80 k R  h a d  a s t r o n g  a n d  
s t a t i s t i ca l ly  s ign i f i can t  n e g a t i v e . e f f e c t  A s imi la r  n e g a t i v e  
effect  of these  doses on  t h e  l ongev i ty  of ma le  m o t h s  ha s  
b e e n  r e p o r t e d  before4. 

F o r  f u r t h e r  s tud ies  on ly  t he  n o r m a l  look ing  ma le  m o t h s  
were  used.  T h e y  were pa i r ed  w i t h  u n t r e a t e d  females  of t h e  
s ame  age, e ach  couple  be ing  k e p t  i n d i v i d u a l l y  in  a r ea r ing  
box  as  descr ibed  in an  ear l ie r  p a p e r  s a n d  in  F igu re  1. T h e  
female  a b d o m i n a  were  d issec ted  a f t e r  d e a t h  a n d  in spec ted  
for  t h e  p resence  of  s p e r m a t o p h o r e s  in  t h e  b u r s a  copu la t r i x .  
10 to  14 days  l a t e r  t h e  eggs la id  b y  each  f ema le  were  coun-  
ted .  I n s e m i n a t e d  a n d  unfe r t i l i zed  eggs could be  d i s t ingu i sh -  
ed b y  t h e i r  colour.  

T h e  n u m b e r  of females  c o n t a i n i n g  one or more  spe rma-  
t o p h o r e s g i v e  a m e a s u r e  of t h e  m a t i n g  p e r f o r m a n c e  of t h e  
males ,  whe rea s  t h e  n u m b e r  of females  l a y i n g ' a t  l eas t  some 
i n s e m i n a t e d  eggs i n d i c a t e  t h e  n u m b e r  of ma les  w h i c h  were 
ab le  to  t r a n s f e r  a t  l eas t  some ac t ive  spe rma tozoa .  How-  
ever,  t h e  l a t t e r  n u m b e r s  give no  i n d i c a t i o n  of t h e  p ropor -  
t i on  of a c t i v e  s p e r m a t o z o a  t r ans fe r r ed .  I t  h a s  b e e n  de-  
m o n s t r a t e d  in a n  ear l ier  p a p e r  t h a t  m a t u r a t i o n  of eggs 
a n d  ov ipos i t ion  in  ZI diniana is l a rge ly  d e p e n d e n t  on  t h e  
p resence  of a c t i v e  s p e r m a t o z o a  in  t h e  r e c e p t a c u l u m  semi-  
nis  of t h e  f emale  5. T h e  n u m b e r  of eggs la id  p e r  female  a n d  
t h e  p e r c e n t a g e  of i n s e m i n a t e d  eggs m a y  the re fo re  be  re- 
ga rded  as t h e  bes t  p a r a m e t e r s  for  t he  e s t i m a t i o n  of s p e r m  
a c t i v i t y  in  i r r a d i a t e d  males .  

Tab le  I I  shows t h a t  the  p e r c e n t a g e  of males  t r a n s f e r r i n g  
a s p e r m a t o p h o r e  is s ign i f i can t ly  r educed  on ly  a f t e r  i r ra-  
d i a t i o n  w i t h  doses a b o v e  60 k R  .Up to  doses of 20 k R  al l  
ma le s  t r a n s f e r r i n g  a s p e r m a t o p h o r e  also t r a n s f e r  ac t ive  
spe rma tozoa .  Th i s  is n o t  t r u e  for  ma les  i r r a d i a t e d  w i t h  
40 k R  or  more .  Of t h e  females  m a t e d  w i t h  such  males  10% 
or  more  c o n t a i n e d  a s p e r m a t o p h o r e  b u t  l a id  on ly  unfer t i l i -  
zed eggs. T h u s  some  of t h e  i r r a d i a t e d  ma le s  were  ab le  to  
p r o d u c e  a n d  t r a n s f e r  s p e r m a t o p h o r e s  which ,  however ,  d id  
n o t  c o n t a i n  v i a b l e  spe rma t ozoa .  The  p e r c e n t a g e  of inse- 
m i n a t e d  eggs was  s ign i f i can t ly  r educed  w h e n  t h e  males  
were i r r a d i a t e d  w i t h  40 k R  a n d  b e c a m e  zero w i t h  80 kR.  

The  m e a n  n u m b e r  of eggs pe r  female,  on  t he  o t h e r  h a n d ,  
was  s ign i f i can t ly  r educed  on ly  w h e n  t h e  ma le s  h a d  been  
i r r a d i a t e d  w i t h  60 or  80 kR.  Th i s  r e su l t  con f i rms  t h e  
ear l ie r  o b s e r v a t i o n  t h a t  a sma l l  n u m b e r  of a c t i v e  s p e r m a -  
t ozoa  in  t h e  female  is suf f ic ient  for ful l  s t i m u l a t i o n  of 
oogenesis  a n d  ov ipos i t ion  5. 

T a b l e  I I I  shows t h a t  on ly  2/8 of the  i n s e m i n a t e d  eggs 
f rom con t ro l  pa i r s  gave  rise to  l a r v a e  a n d  s u b s e q u e n t  mor -  
t a l i t y  was  so h i g h  t h a t  on ly  a b o u t  13% of t he  i n s e m i n a t e d  
eggs deve loped  in to  a d u l t  insects .  The  sex r a t i o  in  t h e  
con t ro l  r ea r ings  was  no t  ful ly n o r m a l  e i ther ,  b u t  sh i f t ed  
s l igh t ly  in  f a v o u r  of t he  males.  The  fac to r  of mul t ip l i ca -  
t ion  of  t h e  males  ( n u m b e r  of sons  d iv ided  b y  n u m b e r  of 
fa thers )  was  5.7, t h a t  of females  4.3 only.  F a c t o r s  of po-  
p u l a t i o n  increase  as  low as t he se  a re  n o t  r a re  in  na tu re ,  b u t  
m u s t  be  r e g a r d e d  as  e x c e p t i o n a l l y  low in l a b o r a t o r y  
rear ings .  Two fac t s  m a y  a c c o u n t  for  t h e  b a d  b r eed ing  re- 
sul ts  of t h e  con t ro l s :  1. t h e  p a r e n t  insec t s  o r ig ina t ed  f rom 
a n a t u r a l  p o p u l a t i o n  of h i g h  dens i ty ,  2. t h e  eggs h a d  been  
k e p t  for longer  t h a n  t h e  o p t i m a l  t i m e  a t  2 °C (7 m o n t h s  in- 
s t ead  of 5 m o n t h s ) .  However ,  s ince t he  m o r t a l i t y  of era- 
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Fig. 1. a) Scheme of polystyrene rearing boxes (18 × 10 x 8 cm) used 
in experiments with single pairs, and in experiments with 1 female 
and 2 males, b} Example of rearing box for 1 female and 6 males. 
The branch with lichens offers the female oviposition sites. Ventila- 
tion of the boxes was assured by 5 screened air holes with diameters 
of 3 cm. 

Table I. Influence of different doses of ~'-rays on hatchability of 
pupae, and morphological differentiation of moths 

Dose in No. of Eclosed moths Normal looking moths 
kR pupae No. % No. % 

0 121 115 95 l t 0  91 
10 25 24 96 21 84 
20 77 71 92 68 88 
40 120 115 96 109 91 
60 115 95 83 85 74 
80 154 81" 53~ 46" 30" 

• Significantly different from control at 5% level. 

1 p. BovEv, Bull. Murithienne 83, 1 (1966), 
z W. BALTENSWEILER, Prec. l l t h in t .  Congr. Entomol. (Wien 1960), 

2, 185 (1962). 
8 C. AUER, Z. angew. Entomol. 62, 202 (1968), 
4 G. BE~Z, Experientia 26, 1252 (1970). 
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bryos  was s igni f icant ly  h igher  when  the  p a r e n t  males  had  
been  i r rad ia ted  wi th  20 k R  and  since t h e  pe rcen tage  of adu l t  
of fspr ing  was  sig~fificantly r educed  a f te r  40 kR,  i t  m a y  be 
safe to  conclude  t h a t  t hese  di f ferences  were  due  to  domi-  
n a n t  le tha l  fac tors  i nduced  in  t h e  i r r ad ia t ed  male  pa ren t s .  
The  resul ts  of Tab le  I I I  suggest  t h a t  i r rad ia t ion  of males  
w i t h  60 k R  induces  a t  least  one d o m i n a n t  le thal  fac tor  in 
each  sperm.  Thus  only  4% of t h e  i n s e m i n a t e d  eggs (i.e. 
0 .3% of t he  eggs laid) gave larvae,  and  none  of these  de-  
ve loped  to  the  5th instar .  The low rat io  of females  to  males  
shows fu r the r  t h a t  t he  i r rad ia t ion  of males  causes  h igher  
m o r t a l i t y  in t he  female  t h a n  in t he  male  progeny .  The  
h igher  m o r t a l i t y  m a y  be caused by  recessive le tha l  fac tors  
of t he  sex ch romosome  which  in t h e  he te rogamet i c  daugh t -  
ers would  be exposed  to  selection.  The d e t r i m e n t a l  ac t ion of 
recessive le tha l  fac tors  or o the r  sex  l imi t ed  fac tors  shows 
bes t  in  t he  p r o g e n y  of males  i r rad ia ted  w i t h  20 kR.  In  t h i s  
g roup  the  fac tor  of mul t ip l i ca t ion  of t he  males  was  no t  
m u c h  lower t h a n  t h a t  of the  controls ,  b u t  i t  was  dras t ica l ly  
r educed  to  0.9 for t he  females.  

I r r ad i a t i on  of males  w i t h  40 k R  reduced  p r o p a g a t i o n  of 
b o t h  sexes cons iderably .  Since 100 pai rs  mere ly  p roduced  
27 sons and  9 daugh te r s ,  i t  is p robab le  t h a t  th is  dose  would  
suf f ic ien t ly  steri l ize males  of Z. diniana for a s ter i le  male  
con t ro l  p rogram.  

A few b r o t h e r  X s is ter  crossings of t h e  F z Were m a d e  in 
order  to  ge t  some in fo rma t ion  on the  r ep roduc t i ve  capa-  
c i ty  of these  moths .  Table  I V  shows t h a t  a b o u t  2/3 of the  
sons of i r r ad ia ted  males  were able to  p roduce  and  t r ans fe r  
s p e r m a t o p h o r e s  (i.e. a s imi lar  pe rcen tage  as in t he  irra- 
d ia t ed  p a r e n t a l  generat ion) .  However ,  whereas  80% of 
t he  cont ro l  females  laid i n semina t ed  eggs, only  one of 28 
daugh te r s  of i r r ad ia t ed  males  laid 19 i n s e m i n a t e d  eggs and  

Table IL Reproductive capacity of maies, irradiated with different 
doses of y-rays, and mated with untreated females 

Dose in No. of Malcs Females Mean No. Eggs 
kR pairs transferring with insem- of eggs insem- 

spermato- inated eggs per female inated 
phores (%) (%) 
(%) 

0 110 78.2 78.2 92.4 84.2 
10 20 85.0 85.0 99.4 84.1 
20 51 70.6 70.6 95.2 64.4 
40 100 62.0 52.0 ~ 83.9 24.6 
60 85 60.0 12.9 • 30.8 • 7.5 ~ 
80 46 17.4 • 0 • 10.8~ 0 ~ 

, Significantly different from control at 5% level. 

none  of these  gave  larvae.  A l t h o u g h  the  n u m b e r  of F 1 
b r o t h e r  × sister  crossings was  too smal l  to  allow defini-  
t ive  conclusions,  t he  resul ts  sugges t  t h a t  in t he  field t he  
release of a h igh  n u m b e r  of males  i r rad ia ted  w i t h  20 k R  
m i g h t  a l ready  cause a s t rong  r educ t ion  of t he  n a t u r a l  po-  
pu la t ions  of Z. diniana. W h e t h e r  or no t  th is  is t rue  can be 
d e t e r m i n e d  only  in field exper iments .  

Two sets  of smal l  l abo ra to ry  assays  were  m a d e  in o rde r  
to  f ind ou t  how large the  p ropor t ion  of i r r ad ia ted  to  non-  
i r rad ia ted  males  m u s t  be to  ge t  a s igni f icant  r educ t ion  of a 
popula t ion .  In  t he  f i rs t  set  of exper iments ,  spacious po- 
pu la t ion  cages (30 x 44 x 50 cm) furn i shed  w i t h  f resh twigs  
of larch, b ranches  w i t h  l ichens for oviposi t ion,  and  a 
source of sugar  w a t e r  were popu la t ed  wi th  10 u n t r e a t e d  
females  and  10 males  per  cage. Di f fe ren t  p ropor t ions  of t he  
males  had  been  i r r ad ia ted  wi th  60 k R  (see Table  V). The 
resul ts  of t he  d i f ferent  rear ings  are p re sen ted  in Table  V. 
Compared  wi th  t he  cont ro ls  ( expe r imen t  1) t h e  n u m b e r  
of of fspr ing was  s igni f icant ly  r educed  in all cages con- 
t a in ing  a p ropo r t i on  of i r r ad ia ted  males.  However ,  t h e  
resul ts  show also t h a t ,  unde r  these  e x p e r i m e n t a l  condi-  
t ions,  a good cont ro l  effect  can  only  be  o b t a i n e d  b y  a h igh  
p ropo r t i on  of s ter i le  males.  VChen a b o u t  equal  n u m b e r s  of 
normal  and  i r rad ia ted  males  were  presen t ,  as in t h e  ex- 
p e r i m e n t s  Nr.  2 and  3, t he  female  popu la t ions  still  mul-  
t ip l ied by  an average  fac tor  of 3.5 {control, No. 1 = 8.8). 
E v e n  a t  t he  p ropo r t i on  of 9 i r r ad ia ted  males  to 1 n o r ma l  
male  (No. 6), 10 females  p roduced  7 daughte rs ,  i.e. the  
factor  of female  p ropaga t ion ,  t h o u g h  reduced  to  0.7, was  
still  re la t ive ly  high. In  addi t ion ,  the  f a c t  t h a t  in th i s  ex- 
p e r i m e n t  all i n semina ted  eggs gave L~ and  t h a t  5 0 % of t he  
L~ became  adul t s  suggests  t h a t  t he  l a t t e r  were  genet ica l ly  
normal .  

In  n a t u r e  one would  p r o b a b l y  f ind worse condi t ions .  
The n u m b e r  of na tu ra l  males  would  a b o u t  equal  t h e  n u m -  
be r  of females  and  released s ter i le  males  would  only  be  
a d d e d  to  these .  In  o rde r  to  f ind ou t  which  effect  the  f looding 
of a na tu ra l  popuIa t ion  w i t h  i r r ad ia ted  males  m i g h t  pro-  
duce,  an  add i t iona l  e x p e r i m e n t  was  made .  In  t h i s  case one 
mate  and  one female  were p u t  in each  rear ing  box  a n d  
d i f fe ren t  n u m b e r s  of i r rad ia ted  males  (1, 2, 4 or 6) were  
added.  Poss ible  c rowding  effects  were  avoided  by  ad-  
jus t ing  the  vo lumes  of the  rear ing  boxes  to  t he  n u m b e r  of 
indiv iduals  present ,  i.e. the  vo lume  of one un i t  was added  
for each couple of add i t iona l  males.  E n l a r g e m e n t  of t he  
rear ing  boxes  was m a d e  by  inser t ing  one or more  r ing like 
uni ts  (i.e. boxes  whose b o t t o m s  had  been  cut  out) b e t w e e n  
the  f irs t  box  and  the  lid (Figure 1). 4 smal l  cont ro l  exper i -  
m e n t s  were m a d e  in order  to  f ind ou t  w h e t h e r  or no t  t he  
presence  of d i f fe ren t  n u m b e r s  of males  per  female  m i g h t  
inf luence the  m a t i n g  and  ovipos i t ion  behav iou r  of females.  
E a c h  of these  e x p e r i m e n t s  compr i sed  only  5 pa i r s  to  each  
of which  were  given 1, 2, 4 or  6 s u p e r n u m e r a r y  n o r m a l  

Table III. Number of inseminated eggs and adult offspring (Fz) from rearings indicated in Table II. Hatched larvae (Lx} and last instar lar- 
vae (Ls) are given in % of inseminated eggs. The multiplication factors of the two sexes were calculated by dividing the numberof sons and 
doughters respectively by the number of parents (= number of pairs in Table II) 

Dose No. of eggs L 1 L 5 F 1 moths produced 
in kR inseminated (%) (%) 

No. d' No. <~! Sum % 

Ratio Factor of multiplication 

0 8564 66.1 19.6 631 471 1102 12.9 0.75 5.7 4.3 
20 3126 36.1 • 11.1 211 48 259 8.3 0.22 4.1 0.9 
40 2093 6.6 ~ 2.3 ~ 27 9 36 1.7 ~ 0.33 0.3 0.1 
60 196 4.1 • 0 ~ 0 0 0 0 • - -- 

• Significantly different from control at 5 % level, 
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Table IV. Brother x sister crossings of nonirradiated F 1 individuals recorded in Table III, and their offspring 
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Treatment Pairs Males Females No. of 
of father No. transferring spermatophore laying inseminated eggs eggs per female 

(%) (%) 

Eggs inseminated L~ 
(%) (%) 

Control 15 80 80 52.5 82.7 61.8 
20 kR 27 63 3.7 26.1 2.7 0 
40 kR 1 100 0 0 - - 

males.  The  4 con t ro l  e x p e r i m e n t s  gave  ve ry  s imi lar  re- 
sults ,  ind ica t ing  t h a t  u n d e r  condi t ions  of c o n s t a n t  male  
dens i ty  t h e  behav iou r  oI t h e  females  was  no t  inf luenced 
b y  the  n u m b e r  of s u p e r n u m e r a r y  males.  The  d a t a  of  t hese  
e x p e r i m e n t s  were  the re fore  c o m p u t e d  and  p r e s e n t e d  in 
Tab le  VI .  The  same tab le  p re sen t s  t h e  d a t a  of the  exper i -  
m e n t s  w i th  s u p e r n u m e r a r y  i r r ad ia ted  males.  

The  f igures of Table  VI  show t h a t  unde r  these  labora-  
t o r y  cond i t ions  a t  least  4 to  6 i r r ad ia t ed  males  per  normal  
couple  m u s t  be p re sen t  to  achieve  a s igni f icant ly  reduced  
ra te  of i n semina t ion  of t he  eggs a n d  of h a t c h e d  L 1. Since 
t h e  L 1 have  n o t  been  reared  fur ther ,  no th ing  can be said 
a b o u t  t he  end effect  of the  i r r ad ia ted  males.  However ,  i t  
is possible  to  c o m p a r e  the  mul t ip l i ca t ion  fac tors  of t he  
p a r e n t  genera t ions  (10 pairs  pe r  e x p e r i m e n t  and  20 pai rs  
in t he  control)  up  to  t he  LI. In  l abo ra to ry  rear ings  th is  
fac tor  had  usual ly  a va lue  of a b o u t  50 for controls ,  b u t  i t  
r eached  only  the  value  of 21 in t he  controls  of these  ex- 
pe r iments .  Compared  wi th  th is  va lue  the  mul t ip l i ca t ion  
fac tors  in t he  e x p e r i m e n t s  1 and  2 were  no t  reduced  a t  all  
(factor  24). Only  t h e  expe r imen t s  3 and  4 gave reduced  
fac tors  of 6.6 and  14.2 respect ively .  Thus  wi th  5 i r r ad ia ted  
males  per  no rma l  couple,  one m i g h t  expec t  an average  
r educ t ion  of t he  mul t ip l i ca t ion  fac tor  to half  t he  value of 
t h e  control .  Such an effect  would  p r o b a b l y  n o t  allow 
p rope r  cont ro l  of a popu la t ion  in t he  field. 

The exper iments ,  t h o u g h  small ,  furnish  also some indi-  
rec t  evidence t h a t  males  i r r ad ia ted  w i t h  40 k R  m i g h t  be  
s l ight ly  less compe t i t i ve  for ma t i ng  t h a n  the  u n t r e a t e d  
males.  W h e n  the  pe rcen tages  of insemina t ion  of the  eggs 
of each m a t e d  female  are  p lo t t ed  as in F igure  2, i t  can  be  
seen t h a t  more  t h a n  40% of t he  eggs of each  cont ro l  fe- 
male,  b a t  less t h a n  20% of  t he  eggs of some e x p e r i m e n t a l  
females,  were  insemina ted .  I f  all  m a t e d  females  wh ich  laid 
b a d l y  in semina ted  eggs are r ega rded  as hav ing  been  m a t e d  
b y  an  i r rad ia ted  rome, one f inds  in t h e  e x p e r i m e n t s  No. 1 
to  4 t h e  respec t ive  values  of 20%, 20%, 70% and  50% of 
such rant ings,  in s t ead  of 50%, 66%,  80% and  85%, which  
would  be  expec ted ,  if all  males  h a d  h a d  t h e  s ame  chances  
of ma t ing .  Because  of t h e  smal l  n u m b e r  of 10 females  per  
e x p e r i m e n t  t h e  di f ference be tween  t h e  real  and  the  ex- 
p e c t e d  value is s ta t i s t ica l ly  no t  s igni f icant  in t he  indivi-  
dual  expe r imen t .  However ,  the  real  values  show the  same  
t e n d e n c y  of dev ia t ion  in all  expe r imen t s .  Therefore ,  if the  
values  of t he  4 e x p e r i m e n t s  are  compu ted ,  t he  sum of 16 
m a t i n g s  of i r r ad ia ted  males  (against  24 no rma l  mat ings)  
is s igni f icant ly  smal le r  t h a n  the  expec ted  28 (Z z = 6.11; 
P < 0.02). 

I t  has  been  m e n t i o n e d  in an earl ier  pape r  5 t h a t  in t he  
l abo ra to ry  one s p e r m a t o p h o r e  per  female  is t he  rule  for 
single pa i r  b reed ings  and  t h a t  only  a b o u t  20% of t he  fe- 
males  car ry  2 or more  spe rma tophores .  I t  was  there fore  
in t e res t ing  to  see w h e t h e r  or no t  th is  was  also t rue  in these  
exper iments ,  where  each single female  was  caged toge the r  
w i t h  2 to  7 males  (mean = 4.25 per  female).  However ,  
no obvious  corre la t ion  was  found  be tween  the  n u m b e r  of 
females  ca r ry ing  2 or more  s p e r m a t o p h o r e s  and  the  num-  
ber  of males  per  female.  Of a to ta l  of 58 m a t e d  females  

27.6% carr ied 2 or  more  s p e r m a t o p h o r e s  (5 of 18 con t ro l  
females,  and  11 of 40 e x p e r i m e n t a l  females) which  is n o t  
s igni f icant ly  d i f fe ren t  f rom t h e  resul ts  of single pa i r  
breeding.  Thus  the  l imi ted  ra te  of copula t ion  depends  on 
the  behav iou r  of the  females  r a t h e r  t h a n  t h a t  of the  m a l e s .  
More t h a n  2/s of t he  females  seem no t  to  accep t  more  t h a n  
one ma le  for copulat ion.  W h e t h e r  or n o t  th i s  is also t rue  in 
the  field has  to  be verified.  

The  p r e l im ina ry  e x p e r i m e n t s  p re sen ted  in th is  paper  
show t h a t  t he  steri le male  t echn ique  m i g h t  be appl icable  
for the  con t ro l  of Z. d iniana.  I r r ad ia t ion  of t he  males  wi th  

Table V. Experiment with population cages (see text) 

Exp. No. of males No. of Eggs L 1 No. of 
No. normal irradiated eggs insem- (%) moths 

inated d ~ 
(%) 

1 10 0 806 90.8 72.7 103 88 
2 6 4 845 48.2 40.0 54 43 
3 4 6 873 32.8 28.1 35 28 
4 3 7 577 39.9 27.7 26 23 
5 2 8 406 14.5 0 - - 
6 1 9 506 7.3 7.3 10 7 
7 0 10 250 0 0 - - 

Reproductive capacity of females caged with males of which some 
had been irradiated with 60 kR; 10 females and 10 males per cage. 
The reproductive capacity of the females may be expressed by the 
factor of multiplication, which is found by dividing the nmnbers of the 
F 1 females by 10. Compared with the control cage (No. 1) the number 
of offspring in all cages with irradiated males is significantly reduced. 

"fable VI. Population experiment simulating flooding of a population 
with irradiated males 

Exp. Irradiated Females No. of eggs Inseminated L I 
No. males mated laid per eggs (%) 

added per (%) female (%) 
normal couple 

1 1 100 123.1 57.3 39.1 
2 2 100 113.5 62.7 41.8 
3 4 100 79.4 24.2 L 16.6 
4 6 100 112.4 43.3 L 25.4~ 
Control 90 77.9 79.7 53.1 

Each experiment comprises 10 identical sets, each with a non-irra- 
diated male and a female to which different numbers of irradiated 
males (40 kR) were added, Tile number of individuals per unit vo- 
lume of rearing box was the same in all sets (Figure 1). The control 
values are the computed data of 4 experiments with 20 females, as 
described in the text. ~Significantly different from control at 5% 
level, 
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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  

8 
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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  


