
Theoretical and Applied Genetics 45, l - -6  0974) 
�9 by Springer-Verlag 1974 
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Summary. A c o m p o u n d  t h i rd  c h r o l n o s o m e  s t r a in  of D, melanogaster was e v a l u a t e d  for p o p u l a t i o n  con t ro l  po t en t i a l  
in the laboratory and field. In the laboratory, the compound strain can replace a wild-type strain at release ratios 
above 4 compounds: 1 wild-type, but the compound strain proved to be ineffective in the field because of an inability 
to utilize tomatoes for oviposition sites. 

The idea of using chromosomally altered strains to 
manipulate  insect pest populations was originally 
suggested by Serebrovskii in t940 and revived and 
extended by Curtis (1968); Whit ten (t971); and 
Waterhouse etal. (1973). In addition to the pest 
control potential,  the introduction of a genetically 
altered strain into a field population can also provide 
worthwhile information concerning the dynamics of 
a field population. 

The organism of choice for testing possible genetic 
mechanisms for .population control is Drosophila 
mdanogaster because years of s tudy have provided 
a number  of systems suitable for field testing this 
species, which is the major  pest of the processing 
tomato  industry (Mason and Dorst, 1962; Stoner 
and Mason, 1969). The subject of this paper  is the 
behaviour of a compound chromosome strain in the 
laboratory  and the field. Foster et al. (1972) sug- 
gested tha t  compound chromosomes have potential  
for suppressing or manipulat ing native poImlations. 

A compound chromosome has two homologous 
arms at tached to a single centromere (Fig. I a). If  
disjunction of the compounds is regular at meiosis in 
both  the male and female, the max imum fertility of 
the strain is 5(1% (half the zygotes formed are aneu- 
ploid and therefore lethal). Segregation in female 
i). melanogaster is fairly regular; the left and right 
compounds move to opposite poles. However, non- 
disjunctional gametes are frequently produced in the 
male (Fig. l b; Baldwin and Chovniek, 1967) so the 
fertility of a strain of this type should be between 25 
and o, 50/o, depending on the frequency of this non- 
disjunction. Since a mating between a compound 
adult and a chromnsomally normal adult is sterile 
(due to aneuploidy), there is complete selection 
against the heterozygote in a population consisting of 
a mixture of the two types. The population will thus 
move away from an unstable equilibrium point 

1 M e n t i o n  of cominerc ia l  p r o d u c t  does no t  c o n s t i t u t e  
r e c o m m e n d a t i o n  or e n d o r s e m e n t  by  t he  USI)A,  

towards fixation of one type or the other, and, theo- 
retically, a single release of compound flies should be 
sufficient to completely replace the native population. 
Such population replacement has two possible ad- 
vantages:  (1) the lower biotic potential  of the com- 
pound strain might prevent the population from ex- 
panding to pest status in a single season, and (2) the 
compound strain can be used to introduce new con- 
ditional lethal genes such as susceptibility to an in- 
secticide or to a temperature  (Foster et al. 1972). 
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lqg. I a.- Formation of compoulld chromosomes from~llormal 

chromosomes 
Fig. I b. Zygotes produced from a compound chroluosome 

strain of D. melanogaster 

The location of the unstable equilibrium point 
depends on the fitness of the compound strain rela- 
tive to the normal strain. At a fitness of 0.25 relative 
to normal, the compound strain should replace the 
normal strain at any release ratio above t normal : 
4 compounds. Competition experiments at various 
release ratios of the Tokyo wild-type strain of D. 
~nelanogasfer and a compound second chromosome 
strain indicated that  theoretical expectations were 
closely approximated (Childress, t972). 

We were therefore encouraged to a t tempt  labora- 
tory  and field releases of D. mela~wgaster with a com- 
pound third chromosome strain against wild-type and 
native populations. 
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Materials and Methods 

Strains. The  c o m p o u n d  t h i r d  c h r o m o s o m e  s t r a i n  used 
in t h e  s tud ies  was  m a r k e d  w i t h  sepia (se), a m u t a n t  t h a t  
changes  t he  eye color  f rom clear  red  to  d a r k  b rown .  This  
s t r a in  was  checked  for t he  p resence  of c o m p o u n d s  b y  
ou tc ross ing  to o t h e r  c o m p o u n d  s t r a in s  a n d  b y  e x a m i n a t i o n  
of t h e  mi to t i c  c h r o m o s o m e s  found  in  n e u r a l  gangl ia .  
T h e  l a b o r a t o r y  re leases  of sepia were  m a d e  a g a i n s t  t w o  
w i l d t y p e  s t ra ins ,  Tokyo,  col lec ted  in Tokyo,  J a p a n ,  a n d  
m a i n t a i n e d  in t h e  l a b o r a t o r y  for m a n y  yea r s ;  a n d  a New 
Je r sey  s t r a in  co l lec ted  in a New Je r sey  t o m a t o  f ield in  
t 969. 

Laboratory Studies 
The  f i tness  of t he  sepia c o m p o u n d  s t r a i n  was  f i rs t  

e v a l u a t e d  b y  p lac ing  t h e  flies in  c o m p e t i t i o n  w i t h  t he  
T o k y o  s t r a i n  (rat ios  of 1: 1, I :3, 1 : 5, a n d  t :9) or w i t h  
t he  New Je r sey  s t r a in  ( ra t ios  of t : t ,  1 : 5, 1:9 ,  1 : 15, a n d  
1:30).  All flies were i so la ted  as vi rgins ,  he ld  severa l  
days  to  insure  sexua l  m a t u r i t y ,  a n d  t r a n s f e r r e d  to  t he  
cages w i t h o u t  e the r i za t ion .  Samples  of t he  l a rva l  d ie t  
m e d i u m  were t h e n  w i t h d r a w n  e v e r y  g e n e r a t i o n  (10 days  
a t  25 ~ f rom cages s tocked  w i t h  t h e  T o k y o  a n d  sepia 
s t r a i n s  or e v e r y  week  f rom cages s tocked  w i t h  t he  New 
Je r sey  a n d  sepia s t ra ins ,  a n d  t he  emerg ing  flies were 
scored.  

Also, t he  New Je r sey  s t r a i n  a n d  t he  sepia c o m p o u n d  
s t r a i n  were c o m p a r e d  for  egg p r oduc t i on ,  v i ab i l i ty ,  a n d  
a d u l t  su rv iva l  b y  h o l d i n g  25 pa i r s  of e ach  s t r a i n  in  
s epa ra t e  cages, a n d  i n t r o d u c i n g  f resh m e d i u m  twice  a 
d a y  for f ive weeks.  T he  n u m b e r  of eggs la id  a n d  a d u l t s  
emerg ing  were recorded,  a n d  t h e  da i ly  m o r t a l i t y  was  
obse rved  u n t i l  al l  a d u l t s  in  b o t h  g roups  h a d  died.  

I t  is h i g h l y  p r o b a b l e  t h a t  m o s t  n a t i v e  females  in  a 
wi ld  p o p u l a t i o n  are m a t e d .  To d e t e r m i n e  w h a t  effect  
th i s  wou ld  h a v e  on  t he  c a p a b i l i t y  of a c o m p o u n d  s t r a i n  
to  rep lace  a n a t i v e  s t r a in  in  t he  field, t h e  effect  of 
r e m a t i n g  w i t h  a c o m p o u n d  ma le  on  t he  f e r t i l i t y  of a wi ld  
s t r a in  was  e v a l u a t e d  in t he  t h i r d  l a b o r a t o r y  tes t .  One  
group  of New Je r sey  females  was m a t e d  twice  w i t h  New 
Je r sey  ma les  a n d  a second  group  m a t e d  f i rs t  w i t h  New 
Je r sey  ma les  a n d  t h e n  a d a y  l a t e r  w i t h  sepia c o m p o u n d  
males .  All ma le s  were r e m o v e d  i m m e d i a t e l y  a f t e r  m a t -  
ing, a n d  t he  females  were b r o o d e d  da i ly  so we could  
d e t e r m i n e  t he  p r o d u c t i o n  of fer t i l ized eggs over  t ime.  

A f o u r t h  l a b o r a t o r y  t e s t  was  m a d e  to  d e t e r m i n e  if t he  
female  flies of each  s t r a in  m a t e d  more  f r e q u e n t l y  w i t h  
one  s t ra in .  Severa l  j a r s  c o n t a i n i n g  t se or N J  female  
a n d  I se a n d  I N J  ma le  were  used a n d  t he  t y p e  of off- 
sp r ing  no ted .  

Field Studies 
The  f i rs t  f ield t e s t s  were m a d e  in four  q u a r t e r - a c r e  

p lo t s  in a woods  a n d  f a r m l a n d  a rea  a t  t he  U S D A  Agri-  
cu l tu ra l  R e s e a r c h  Cente r  in Bel tsvi l le ,  M a r y l a n d .  The  
four  p lo ts ,  a t  Woods ,  B e a v e r  Dam,  Te legraph ,  a n d  Air- 
por t ,  were s e p a r a t e d  b y  a t  l eas t  one  mi le  a n d  were also 
i so la ted  f r c m  t h e  s u r r o u n d i n g  u r b a n  c o m m u n i t y .  All  
four  were p l a n t e d  w i t h  t o m a t o e s  of t he  He inz  1409 
c u l t i v a r  (ca. 1170 pe r  plot )  to  serve as hos t s  to  popu-  
l a t i ons  of Drosophila. T he  b u i l d u p  of p o p u l a t i o n s  of 
D. ncelanogaster in  t h e  Be l t sv i l l e  a rea  is co r re l a t ed  w i t h  
t he  r i pen ing  of t h e  t o m a t o  crop (Wave,  1962). D e n s i t y  
is low whi le  t h e  f ru i t s  are developing ,  b u t  a two-  to  e ight -  
fold increase  oucurs  week ly  as t he  f ru i t  r ipens.  The  
decl ine  t h e n  coincides  w i t h  t h e  decay  of t he  f ru i t  a n d  
a decrease  in t e m p e r a t u r e  so p o p u l a t i o n s  are genera l ly  
m a x i m u m  in m i d - S e p t e m b e r .  O t h e r  species of Drosophila 
such  as i). tripunctala a n d / ) ,  busekii a n d  m e m b e r s  of t h e  
affinis group  are also found  in  t h e  area,  b u t  _/). melano- 
gaster c o n s t i t u t e s  over  97~o of t he  f ly p o p u l a t i o n  a t  t h e  
t i m e  of p e a k  p o p u l a t i o n  F r o m  Sept.  3, 1972 for 10 (lays 
(a pe r iod  of r e l a t i ve ly  low d e n s i t y  of t he  n a t i v e  flies), 

re leases  of sepia c o m p o u n d  s t r a i n  were m a d e  a t  t he  
W o o d s  a n d  B e a v e r  l ) a m  si tes ; t h e  Te leg raph  and  A i rpo r t  
s i tes  se rved  as c o n t r o l s w h e r e  we could measu re  the  re la t ive  
size of t he  n a t i v e  p o p u l a t i o n  a n d  a n y  m i g r a t i o n  of t he  
re leased  flies. Since we wished  to  m a i n t a i n  a r a t io  in 
t he  p lo t s  of 100 se c o m p o u n d  to  I n a t i v e  for one  gener-  
a t i on  (I0 days),  we assessed t he  p o p u l a t i o n s  a t  t he  two  
release s i tes  b y  t r a p p i n g  a n d  a d j u s t e d  t he  size of t he  
re leases  acco rd ing ly  a t  t h e  two  sites. Some 140,000 of 
these  flies were m a r k e d  w i t h  f luorescen t  dye so we couht  
d e t e r m i n e  t h e  e x t e n t  of d ispers ion  a n d  l o n g e v i t y  of t he  
re leased flies b y  e x a m i n i n g  r e c a p t u r e d  flies u n d e r  UV 
l igh t ;  in  add i t i on ,  575,000 s imi la r ly  m a r k e d  flies were 
re leased a t  a s i te  b e t w e e n  t he  four  p lo ts .  

The  t r a p p i n g  to assess t he  da i ly  r a t io  of re leased to 
n a t i v e  flies in  each  t e s t  p lo t  was  done  w i th  six p i n t - j a r  
ba i t  t r a p s  c o n t a i n i n g  sugar,  yeas t ,  v inega r  and  l i n d a n e  
(Mason, 1963; Mason  et al., t963).  Af te r  the  re leases  
were ended,  files in  t he  t r a p s  were m o n i t o r e d  on ly  th ree  
t imes  a week.  All  c a p t u r e d  flies were r e m o v e d  a n d  
r e t u r n e d  to  t he  l a b o r a t o r y  for  scoring.  Previous ly ,  t he  
re la t ive  a t t r a c t i o n  to  b a i t  t r a p s  of the  two  s t r a i n s  was 
d e t e r m i n e d  f rom a series of con t ro l l ed  releases of New 
Je r sey  a n d  sepia in  smal l  greenhouses .  T h e  t r a p s  c a u g h t  
a b o u t  25~o more  New Je r sey  t h a n  sepia s t ra in .  The  
col lec t ion  d a t a  were no t  a d j u s t e d  for th i s  difference.  

A check  on  t h e  t r a p  d a t a  was  p r o v i d e d  b y  s l i t t i ng  
I0  r ipe  t o m a t o e s  a n d  p lac ing  t h e m  in t he  release p lo t s  
for  24 hou r s  twice  a week.  T h e n  t he  t o m a t o e s  were he ld  
for  two  weeks,  a n d  t h e  n u m b e r  a n d  p h e n o t y p e  of t he  
el l lerging flies were recorded .  

In  the  second  tes t ,  we e l i m i n a t e d  t he  compl i ca t i ng  
fac to r  of i m m i g r a t i o n  of large  n u m b e r s  of n a t i v e  flies b y  
us ing  t h r ee  o u t d o o r  cages (4 X 4 • 2 m). Ten  t h o u s a n d  se 
c o m p o u n d  a n d  100 New Je r sey  wi ld  flies were i n t r o d u c e d  
i n to  cage t ; cages 2 a n d  3 were p o p u l a t e d  w i t h  10o0 se 
c o m p o u n d  a n d  1000 New Je r sey  wi ld  flies, respec t ive ly .  
Al l  cages were p r o v i d e d  w i t h  t o m a t o e s  in  excess  of t h e  
a m o u n t  r e q u i r e d  to  s u p p o r t  t h e  popu la t i on .  Since t he  
pu rpose  of t h e  t e s t  was  to  measu re  t he  increase  in popu-  
l a t i on  of t h e  i n d i v i d u a l  s t r a in s  w h e n  t h e y  were a n d  were 
n o t  in c o m p e t i t i o n  w i t h  t he  o the r  s t ra in ,  t he  p o p u l a t i o n  
b u i l d u p  was  m o n i t o r e d  t h r ee  t i m e s  a week  over  a 10-week 
per iod  b y  us ing  b a i t  t r a p s  w i t h o u t  l indane .  The  t r a p p e d  
flies were r e t u r n e d  to  t h e  cages a f te r  scoring.  

The  se c o m p o u n d  s t r a i n  for t he  field t e s t s  was  rea red  
in 0 . t0  X .35 • .50 nl  w o o d e n  boxes  l ined  w i t h  p las t i c  
shee t s  a n d  filled w i t h  t h e  s t a n d a r d  co rnmea l  Drosophila 
medium.  Af te r  eclosion,  t h e  flies were col lec ted  w i t h  a 
modi f ied  v a c u u m  cleaner ,  e ther ized ,  counted ,  a n d  t a k e n  
to  the  release si te  where  t h e y  were a l lowed to  leave  t he  
ca r ry ing  vessels  as t h e y  recovered  f rom t h e  e ther .  The  
New Jersey" wild s t r a in  was  h a n d l e d  in  a s imi lar  m a n n e r  
b u t  was  r ea red  in f lasks.  

Results and Discuss ion 

Laboratory Tests 

T a b l e  1 r e p o r t s  t h e  r e s u l t s  of t h e  t e s t s  of t h e  sepia 
c o m p o u n d  a n d  t h e  T o k y o  s t r a i n s  m a d e  t o  d e t e r m i n e  
r e l a t i v e  f i t n e s s e s .  T h e  d a t a  i n d i c a t e  t h a t  t h e  u n -  
s t a b l e  e q u i l i b r i u m  p o i n t  fo r  a m i x e d  p o p u l a t i o n  of 
T o k y o  w i l d  a n d  sepia c o m p o u n d  fl ies is p r o b a b l y  n e a r  
r a t i o s  of t : 3 - - 1 : 5 .  W e  c a l c u l a t e d  t h e  a p p r o x i m a t e  
f i t n e s s  of t h e  c o m p o u n d  s t r a i n  t o  be  a b o u t  0.25 r e l a -  
t i v e  t o  t h e  T o k y o  s t r a i n  f r o m  t h e  r a t e  of r e p l a c e m e n t  
of t h e  w i l d  s t r a i n  b y  t h e  c o m p o u n d  s t r a i n .  

T h e  r e s u l t s  of t h e  f i r s t  l a b o r a t o r y  t e s t  t h u s  m e t  t h e  
t h e o r e t i c a l  e x p e c t a t i o n s  fo r  t h e  r e p l a c e m e n t  of a w i ld -  
t y p e  s t r a i n  b y  a c o m p o u n d  s t r a i n  a n d  w e r e  s i m i l a r  t o  
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resul ts  o b t a i n e d  ear l ier  w i th  a c o m p o u n d  second chro-  
lnosome s t ra in  (Childress, 1972). However ,  the  con- 
cu r ren t  t e s t s  w i th  the  more  r e c e n t l y  col lec ted  wi ld-  
t y p e  s t r a in  f rom New Je r sey  i n d i c a t e d  t h a t  b o t h  the  
T o k y o  and  sepia s t ra ins  had  been changed  b y  be ing  
m a i n t a i n e d  in the  l a b o r a t o r y  for m a n y  yea r s  (Table 
2). F o r  example ,  the  New Je r sey  s t r a in  was n o t i c e a b l y  

Table t. Compelilion between lhe sepia com- 
poumt slrain (st) and the Tohyo wiht strain 
(Toh) in lhe laboratory, (Samples of. e,,,*s,~, were 

removed every generation, i.e. *o days) 

"/, o Tokyo :~: s.c. in replicates 
Generation . . . . . . . . . . . . .  

t 2 

I : 1 --2O pr Tok:  20 pr s e  

1 87 • 1.7 57 • 3.1 
2 8! -• 3.o 93 • 2.3 
3 93 • 2.4 94 • 1.4 
4 94 • 1.5 81 • 2.5 

t : 3 - - l O p r T o k :  3 0 p r s e  
1 25 • 2.9 t6 • 2.8 
2 3O • 2.4 45 ! 4.4 
3 51 • 3.4 7 • O.7 
4 28 • 2.3 4 • 1.6 

l : 5 - - T p r T o k :  3 5 p r s e  
t 23 _+ 2.9 t6 • 2.9 
2 t I + 1.8 6 + 2.t 
3 5 + 1.9 6 • t .8 
4 4 ___ 1.5 6 • 1.5 

! :9 - -4  pr  Tok: 36pr  se 
1 I • 0.8 3 • t .9  
2 0 9 + 2 . 1  
3 7 • 1.9 3 _+ 1.2 
4 1 + O.6 3 ! 1.1 

more  v igorous  t han  the  T o k y o  s t ra in .  Even  at  the  
h igher  release ra t ios ,  New Je r sey  r a p i d l y  r ep laced  the  
sepia s t ra in ,  and  the  f i tness  of the  sepia s t ra in  w i th  
respec t  to  the  New J e r s e y  s t r a in  was rough ly  0.03. In  
o the r  words,  the  r ep l acemen t  of the  New J e r s e y  s t r a in  
b y  the  s@ia s t r a in  should  occur  at  release ra t ios  
g rea t e r  t h a n  33 st: t +.  Since the  f i tness  of the  New 
J e r s e y  s t r a in  u n d o u b t e d l y  a p p r o x i m a t e s  t h a t  of 
a n a t i v e  p o p u l a t i o n  more  closely t h a n  the  T o k y o  
s t ra in ,  the  New J e r s e y  s t r a in  was used in all  o the r  
eva lua t i ons  of the  c o m p o u n d  s t ra in .  

Tab le  3 r epo r t s  t he  d a t a  for egg p rodu c t i on  and  
r ecove ry  of adu l t s  f rom 25 pa i r s  of sepia and  New 
J e r s e y  s t ra ins .  Over  a 5-week per iod,  the  sepia s t ra in  
p r o d u c e d  abou t  half  as m a n y  eggs and  a t e n t h  as 
m a n y  adu l t s  as t he  New J e r s e y  s t ra in .  Also the  
average  and  m a x i m u m  su rv iva l  t imes  of the  p a r e n t s  
of the  sepia s t ra in  were 8 days  less (27.9 days  for 
se vs. 35.9 days  for N J) and  3t days  less (37 days  for 
se vs. 68 days  for N J), respec t ive ly .  Clearly,  fac tors  
o the r  t h a n  s imple  zygo t i c  l e t h a l i t y  (due to  a b e r r a n t  
segrega t ion  of the  c o m p o u n d  chromosomes)  were re- 
duc ing  the  f i tness  of the  c o m p o u n d  s t ra in .  

In  the  t h i r d  l a b o r a t o r y  tes t ,  sepia females  t h a t  
m a t e d  or ig ina l ly  wi th  sepia males  m a t e d  a second 

Table 2. Competition between the sepia compound strain 
(se) and the New Jersey wild strain (N  J)  held at various 
ratios in the laboratory (Egg samples were removed every 

week) 

o,.o NJ _+ s.e. in replicates 
\Veek . . . . . . . . . . . . . . . . . . . . . .  

1 2 3 4 

1:1 t o p r N J :  l o p r s e  
1 98 • o.9 98 • o,9 99 4 1.o 98 • o.7 
2 99 • O.7 95 _+ 1.2 t00 • 0.2 100 
3 100 100 + 0.3 100 96 ~ 1.7 
4 I oo t 00 100 1 oo 

l : 5 . - 1 0 p r N J :  5 0 p r s e  
1 63 4- 5.5 53 • 2.9 71 • 2.6 62 + 2.5 
2 80 • 2.3 81 • 2.2 72 _+ 4.2 75 • 5.3 
3 I00 89 • 2.9 79 4- 2.6 60 ~ 3.5 
4 97 • 1.o 93 • ~.4 97 • o.9 86 i 1.9 
5 94 • 1.6 94 • 2.3 loo 95 • 1.6 
6 lOO ll)o ! 0.5 lOO lOO 
7 IO0 IO0 100 100 

1:9 1() pr  NJ :  90 pr se 
1 22 • 2.3 7 • 1.7 0 55 + 3.0 
2 43 • 2.1 57 • 3.6 29 • 2.9 58 • 4.3 
3 72 • 4.8 50 ~ 4.0 45 • 5.9 25 • 3.5 
4 55 • 3.6 24 • 2.4 33 • 2.7 69 • 3.0 
5 81 • 2.3 74 + 2.3 46 • 1.8 99 • 0.5 
6 94 • 1.5 99 • 0.4 82 • 1.9 96 • 2.8 
7 loo 98 • t.1 86 • 3.5 99 • 1.2 
S lol~ 99 • t . t  t0o 99 • 0.6 
9 1 oo 1 oo 1 oo 

1 : 1 5 - - 5 p r  NJ :  75prse  
l 28 ! 6.0 3 ~ 2.3 65 ~ 8.2 () 
2 57 • 5.0 55 + 6.8 44 • 6.7 24 q-- 5.7 
3 71 -- 2.8 61 • 2.8 6 • 1.8 3 • 1.2 
4 91 _+ 1.5 67 --+- 2.4 22 ~ 2.7 41 + 2.3 
5 99 • 1.0 92 _+ 2.2 55 • 2.7 50 • 2.5 
6 100 98 • 0.7 56 • 2.4 64 + 2.2 
7 1o0 t00 47 + 2.6 86 • 2.0 
8 1o0 99 • o.6 95 • 0.9 90 • 1.3 
9 10() 97 • 0.7 90 • 1.6 

1o I0o t00 • 0.4 1o0 
11 I O0 1 O0 1 O0 

1:3o 5 p r N J :  1 5 o p r s e  
t3 • 2.5 o 

2 42 • 6.2 (} 
3 30 • 2.4 (I 
4 79 • t .9 o 
5 95 + 1.3 () 
6 t oo 

t ime  wi th  sepia males  46. 3 hr  a f te r  the  in i t i a l  m a t i n g  
(average of 10 females) and  m a t e d  a second t ime  wi th  
New Je r sey  males  52.4 hr  a f te r  the  in i t i a l  m a t i n g  
(average of t l  females) .  New Je r sey  females  t h a t  
had  p rev ious ly  m a t e d  wi th  New Je r sey  males  m a t e d  
a second t ime  wi th  New Je r sey  males  45.3 hr  a f te r  
the  in i t i a l  m a t i n g  (average of 9 females) and  wi th  
sepia males  35.3 hr  a f te r  the  in i t ia l  m a t i n g  (average 
of 10 females).  These differences in t imes  were no t  
s ignif icant .  Resu l t s  were s imi lar  when the  first  m a t -  
ing was wi th  the  d i f ferent  s t r a in  and  the  second wi th  
the  same s t ra in .  

When  females of the  two s t ra ins  were given a choice 
of mates ,  25 of 45 sepia females (56~"o) m a t e d  wi th  

Theoret. ,qppL Genetics, I'ol. 45, No. 1 
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Tab le  3. Eggs and adult progeny fi, om New Jersey wild and sepia compound chromosome sh'ains 
(2 5 pairs parents were used.) 

N e w  Jersey wild Scpia compou~zd 
Week 

]';ggs Adults % Recovery dE s.e. Eggs Adults % Recovery -b s.e. 

t 2,861 2,556 89.3 • .58 2,029 346 
2 4,279 3,473 8 / .2  4- .6O 2,497 347 
3 2,386 2,216 92.9 -b .53 95o 165 
4 t ,754 1,593 90.8 -}- .69 492 79 
5 t80  166 92.2 q- 2.0(} 39 {} 

T o t a l  t l , 4 6 0  10,004 87.3 :tz .31 6,O07 937 15.6 q- .47 

17.~ • .84 
1 3 . 9  J z  .69 
1 7 . 4 - b  1 . 2 3  

16.1 7~ 1.66 
o 

sepia males and 24 of 4t NJ females (59%) mated 
with NJ males. These differences are not significant, 
so there appeared to be no preferential mating. 

Fig.  2 s h o w s  t h e  f e r t i l i t y  of N e w  J e r s e y  f e m a l e s  
a f t e r  m a t i n g  o n c e  w i t h  N e w  J e r s e y  m a l e s  ( c o n t r o l ;  

100 o,o ! 
80 

r I NI** NIo ' /T-4 .  

S \~'xT /VJg• ~176 \ 
_~ 4c~--  .... ~ ............... 

20 kx 

Z 4 6 8 1~ 12 
Days after meting 

Fig. 2. Percent  recovery of adults from daily broods of New 
Jersey females • New Jersey males (upper line) and New 
Jersey females • New Jersey males x sepia males (lower line). 

Vertical bars represent 2 • s.c. 

upper line) or after mating once with New .Jersey 
males and a second time with sepia males (lower line). 
The percent emergence of adults is plotted against 
t i m e  (days)  a f t e r  t h e  m a t i n g s .  T h e  v e r t i c a l  l i ne s  a t  
e a c h  p o i n t  r e p r e s e n t  t w i c e  t h e  s t a n d a r d  e r ro r .  A se-  
c o n d  m a t i n g  w i t h  a c o m p o u n d  m a l e  d e c r e a s e d  f e r t i -  
l i t y  m a r k e d l y  w i t h i n  one  d a y ,  e v e n  t h o u g h  t h e  fe- 
m a l e s  w e r e  p r e v i o u s l y f e r t i l i z e d  w i t h  w i l d - t y p e  s p e r m .  
T h e s e  r e s u l t s  a re  c o n s i s t e n t  w i t h  t h e  w o r k  of L e f e v r e  
a n d  J o n s s o n  ( t962) ,  w h i c h  i n d i c a t e s  t h a t  s p e r m  f r o m  
a s e c o n d  m a t i n g  wi l l  l a r g e l y  d i s p l a c e  s p e r m  f r o m  t h e  
i n i t i a l  m a t i n g .  T h e s e  i n v e s t i g a t o r s  a lso  f o u n d  t h a t  
f e r t i l i t y  d e c r e a s e s  w i t h  t i m e ,  as  in  o u r  t e s t ,  w h i c h  
t h e y  a t t r i b u t e d  to  a n  i n c r e a s i n g  i n e f f i c i e n c y  of f e r t i l i -  
z a t i o n  as  t h e  s p e r m  s u p p l y  w a s  d e p l e t e d .  

Field Tests 
From the laboratory cage studies, the initial con- 

centration of the sepia strain must be greater than 
97% to displace the native population. We decided, 
t h e r e f o r e ,  t o  a i m  a t  a r e l e a se  r a t i o  of 100 se : 1 +  
( 9 9 %  se) fo r  t h e  f i e ld  r e l e a se  p r o g r a m .  A l t h o u g h  t h e  
r e l e a s e s  w e r e  m a d e  w h i l e  t h e  d e n s i t y  of n a t i v e  f l ies  

Tab le  4. Native ( + )  and released sepia compound (se) flies recovered from h, aps and tomatoes placed 
in 4 field plots. Releases were made at the Woods and Beaver Dana sites only (period indicated by the 

vertical li~ze). A total of 1 222,5oo flies were released at the two sites 

No. recovered at No. recovered at Woods sites 
Beaver Dam site 

Week Traps Frui t  Traps 

7 se I se + sc 

I * ( I  2 - -  - -  1 3 - -  

2 13 58 -- --  5 5 -- 
3 3 6 -- -- 2 6 -- - 
4 73 5679 (7) 1 3 3 -- -- 
5 317 20118 t7  2 1(7)5 5648 21 3 
6 181 8387 49 4 78 8283 75 4 
7 264 553 t o i  2 215 2930 101 1 
8 605 230 t 2  I 356 166 31 5 
9 797 194 59 3 296 69 122 1 

t0  251 35 107 0 124 S 26 o 
t I 206 25 -- --  29 8 -- - -  

1 2  28 f - -  - -  3 7  2 - -  

1 3  4 1  2 - -  - -  6 0 - -  - -  

* Week ending Aug. 12, 1972. 

Frui t  

t "  Sd 

No. recovered No. recovered 
at Airport at  Telegraph 
site site 
Traps Traps 

k se F so: 

o 7 2 8 
5 5 1 8 
0 11 2 51 
3 8 8 5 

53 6 15 14 
24 25 28 1o 

I t 4  78 51 8 
219 63 2o3 I 1 
214 48 157 22 

54 2 12 12 
31 t 2  36 2 
21 0 I I 0 

6 I 5 I 
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was still fairly low, the ratios actually achieved by 
the end of the release period were 62 : t at the Woods 
release site and 91 : 1 at the Beaver Dam release site. 

From the trap collections (Table 4), the sepia strain 
was obviously unable to replace the native popula- 
tion. The preliminary tests indicated that  the traps 
caught 25% fewer sepia than wild type flies, but even 
when this difference is taken into account, the sepia 
population clearly decreased in both the release and 
control plots after the initial period of release. (The 
presence of some sepia flies before the first releases, 
that  is weeks 1--3, resulted from migration from an 
additional nearby release site.) 

Only about 4% sepia were recovered from the slit 
tomatoes placed on the release sites though the trap 
data indicated that  the percentage of sepia was con- 
siderably higher during the release period (Table 4), 
This failure of the sepia strain to oviposit on tomatoes 
is probably the major factor contributing to its de- 
cline after the releases. In the laboratory, the sepia 
strain had no difficulty ovipositing and completing 
development on tomatoes. 

Dispersion of flies from the release plots was not 
a major factor in the lack of effectiveness. About 2~ 
of the t40,000 flies marked with fluorescent dye and 
released in the plots were recaptured, and 99.7~ of 
those were recaptured at the sites of release. The 
longevity of the sepia strain in the field was competi- 
tive with the longevity of the native population: 753'o 
of the recaptures were made within the first three 
days after release, but marked flies were recaptured 
for t8 days. Also, marked flies were recaptured in 
traps more than 3.4 km from the release sites. The 
recaptures at the different distances indicated ran- 
dora dispersal. 

The role of migration of native flies into the release 
sites was subsequently evaluated by monitoring the 
population of t0,000 se: 100 New Jersey in the out- 
door cage (Table 5). Again, sepia strain was reduced 
by the presence of the second strain, indicating that 
the poor showing of sepia in the field was not necessa- 

Table 5. Number of Drosophila trapped in outdoor cages 

Weeks after Cage 1 * Cage 2* Cage 3" 
original release se + se 

1"* 651 17 77 154 
2 141 15 t7 398 
3 t27 157 1o 412 
4 26 103 5 1306 
5 4 244 3 3253 
6 o 1259 7 26,111 
7 o 1200 5 14,494 
8 32 15,577 
9 o 26 

1() 0 12 

* 10,000 se and IO0 q- released in Cage 1 ; 1,000 se released 
in cage 2; t,000 -ff released in Cage 3. 

** Week ending Aug. 30, 1972. 

rily the result of heavy migration of native flies from 
neighboring areas. The two other outdoor cages were 
populated with only sepia and only New Jersey flies. 
The population in the New Jersey cage increased 
rapidly; the sepia population dwindled to almost 
nothing in a few generations. 

Our results did indicate that  if the dynamics of 
a mixed population are known and the characteristics 
of the native strain and the strain to be released are 
thoroughly understood, then it should be possible to 
duplicate the results of the laboratory studies in the 
field. In the present case, we did not anticipate that  
the sepia strain would greatly reduce its oviposition 
on tomatoes in field conditions because it utilizes 
tomatoes efficiently in the laboratory. To make our 
future field studies more successful, we plan to replace 
the genetic background of a compound chromosome 
strain with that of a recently collected native strain, 
also to rear the flies at variable conditions (Long, 
1970), and to incorporate tomatoes into the diet me- 
dium. These steps should overcome some of the 
major differences in viability between the two strains 
and will hopefully adapt the compound strain to field 
conditions. 
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