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Summar~r. A genetic technique for insect population control has been tested in cages under field con- 
ditions at two different locations in British Columbia. The method entails the population replacement 
of standard insects by those bearing compound autosomes using the principle of negative heterosis, 
thus permitting control or elimination through conditional mutations. Both native- and laboratory-de- 
rived compound strains of the fruitfly Drosophila melar~gaster were tested in population cages against 
standards in the laboratory and at the two field sites. Those compound-bearing insects originating from 
the wild were the most successful, both in the laboratory and the field, in displacing standards from the 
cages down to a minimum initial ratio of 5 compounds to 1 standard. The importance is stressed of col- 
lecting strains from the wild, and performing the necessary genetic manipulations as rapidly as pos- 
sible, prior to releasing the rearrangement in the field for control purposes. 

I n t r o d u c t i o n  

Following the successful application of the sterile insect 

technique to the control of the screwworm fly,Goohliomyia 

hominivorax, in the southern United States, considerable 

attention has been focussed upon more sophisticated ge- 

netic techniques for the suppression of pest insects. One 

such method involves the replacement of individuals in a 

population bearing standard chromosomal arrangements 

by those carrying chromosomal rearrangements termed 

compound autosomes, which may provide a transport me- 

chanism for various controlling factors such as conditi- 

onal mutations (Foster et al., 1972; Childress, 1972; 

Fitz-Earle et al., 1973). 

Compound autosomes differ from standard chromoso- 

mes in that their homologous arms are attached to com- 

mon centromeres rather than to different centromeres 

(Holm, 1974). The meiotic behaviour of a compound 

s t r a i n  of t h e  f r u i t f l y ,  Drosophila melanogaster, i s  s u c h  

that the zygotic frequency is one quarter that of stand- 

ards, though the surviving zygotes are quite competitive. 

However, there is complete genetic isolation between 

compounds and standards, suggesting that in a mixed po- 

pulationthere is an intra-fertilitybut inter-sterility of 

the two forms. An unstable genetic equilibrium (Li, 1955 ) 
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can be obtained in a mixed population by adjusting the 

relative frequencies of the rearrangements and stand- 

ards according to their fitnesses. By increasing the ini- 

tial frequency of the compounds beyond the equilibrium t 

point, the standards would be displaced from the popu- 

lation. The efficiency with which compounds could be 

fixed in this way would be dependent upon the initial fre- 

quencies and relative fitnesses of the strains. Compound 

autosome strains have been generated in D. melanogaster 

and are being actively sought in insects of both economic 

and hygienic importance. 

If a compound-bearing strain that also carried a fac- 

tor for eradicating the pest or rendering it innocuous 

were introduced into a target pest population, it would 

be possible to combine replacement with control. The in- 

troduction of mutants that would render pests less harm- 

ful to man, such as inability to transmit disease, may 

in some circumstances be more desirable than the intro- 

duction of factors that would completely eradicate the in- 

sect. However, for those pests that affect man's agricul- 

ture, complete eradication (through the agency of con- 

ditional lethal factors) may be quite acceptable. Tempe- 

rature-sensitive (ts) mutations that permit survival and 

fertility at a permissive temperature but lead to death 

or sterility at a high or low restrictive temperature, 

would seem to be ideally suited to schemes for popula- 

tion elimination. In D. m e l ~ g a s t e r ,  ts mutants have 

been detected throughout the genome and fall into three 

main groups: (i) ts lethals, in which, following a tem- 

perature shock during development, the insect dies at 

a later stage; (ii) ts paralytics, in which prolonged 
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e x p o s u r e  of adul t  i n d i v i d u a l s  to  r e s t r i c t i v e  t e m p e r a -  

t u r e s  s u f f i c i e n t  to  c a u s e  p a r a l y s i s ,  l e a d s  to  l e t h a l i t y ;  

( i i i )  t s  s t e r i l e s ,  in wh ich  a t e m p e r a t u r e  s t r e s s  d u r -  

ing d e v e l o p m e n t  c a u s e s  adul t  s t e r i l i t y  ( i . e . ,  g e n e t i c  

dea th )  (Suzuki ,  1970) .  A d d i t i o n a l l y ,  i t  s hou ld  be  n o t e d  

tha t  up to  one  t h i r d  of  all  t s  l e t h a l s  a r e  bo th  h e a t -  and 

c o l d - s e n s i t i v e  ( T a s a k a  and  Suzuk i ,  1973) .  The s t r a t e g y  

would  be  to  r e p l a c e ,  at  p e r m i s s i v e  t e m p e r a t u r e s ,  a n a -  

t i v e  p e s t  p o p u l a t i o n  by a c o m p o u n d  s t r a i n  c a r r y i n g  a t s  

l e t h a l ,  p a r a l y t i c  o r  s t e r i l i t y  m u t a t i o n .  G e n e t i c  l e t h a l i t y  

would  t h e n  o c c u r  when  the  t e m p e r a t u r e s  e i t h e r  r i s e  o r  

fal l  to  r e s t r i c t i v e  l e v e l s .  Lethal  t s  m u t a t i o n s  h a v e  b e e n  

d e t e c t e d  in t he  w a s p ,  Habrobracon serinopae ( S m i t h ,  

1971 ) and t h e  h o u s e f l y ,  Musca domestica ( McDona ld  and 

O v e r l a n d ,  1972) and a r e  b e i n g  sough t  in p e s t s  of v e t e r -  

i n a r y  and  a g r i c u l t u r a l  s i g n i f i c a n c e .  

In e a r l i e r  p a p e r s  ( F i t z - E a r l e  et  a l . ,  1973; F i t z -  

E a r l e ,  1974a) ,  l a b o r a t o r y  c a g e  p o p u l a t i o n s  of c o m p o u n d  

and  s t a n d a r d  c h r o m o s o m e  s t r a i n s  of Drosophila w e r e  u s e d  

to show tha t ,  ( a )  c o m p o u n d s  can  d i s p l a c e  s t a n d a r d s  in 

p o p u l a t i o n s  wi th  c o n t i n u o u s  r e p r o d u c t i o n ,  a l though  c o n -  

s i d e r a b l e  v a r i a t i o n  e x i s t s  in the  ab i l i t y  of  c o m p o u n d  

s t r a i n s  to a c h i e v e  r e p l a c e m e n t ;  (b)  t he  m i n i m u m  in i t ia l  

r a t i o  of c o m p o u n d s  to s t a n d a r d s  r e q u i r e d  to  s u b s e q u e n t -  

ly f ix c o m p o u n d s  in a p o p u l a t i o n  w a s  4: 1, a r a t i o  tha t  

c o m p a r e d  f a v o u r a b l y  wi th  da t a  f r o m  o t h e r  g e n e t i c  t e c h -  

n i q u e s ;  and (c )  it  i s  i m p o r t a n t  to  s e l e c t  s t r a i n s  p r i o r  to 

r e l e a s e  in c o m p e t i t i v e  s i t u a t i o n s ,  u s i n g  v a r i o u s  f i t n e s s  

c o m p o n e n t  c r i t e r i a .  

The p r e s e n t  s tudy  e x a m i n e s  n a t i v e -  and l a b o r a t o r y -  

d e r i v e d  c o m p o u n d  s t r a i n s  fo r  t h e i r  ab i l i ty  to  r e p l a c e  

s t a n d a r d s  in c a g e s  both  in t he  l a b o r a t o r y  and  at  two d i -  

s t i n c t  f ie ld  l o c a t i o n s .  S u b s e q u e n t  p a p e r s  will  e x a m i n e  

the  b e h a v i o u r  of c o m p o u n d s  c a r r y i n g  t e m p e r a t u r e - s e n -  

s i t i v e  m u t a t i o n s  to t e s t  t he  c o m b i n e d  p r i n c i p l e s  of  p o p u -  

l a t i on  replacement and elimination. 

M a t e r i a l s  and  M e t h o d s  

S t r a i n s  and t h e i r  D e r i v a t i o n  

The s t r a i n s  of Drosophila melanogaster u s e d  in the  e x -  
p e r i m e n t s  a r e  l i s t e d  in Table  1. All  c o m p o u n d  a u t o s o m e  
l i n e s  a r e  r e v e r s e d  m e t a c e n t r i c  and  a r e  d e s i g n a t e d b y  i n i -  
t i a l s  f o r  l o c a t i o n  of  d e r i v a t i o n  (P  - P a s a d e n a ;  S - S t o r r s ;  
V - V a n c o u v e r ) ,  d i s c o v e r e r  ( F E  - F i t z - E a r l e ;  H - Holm ; 
K - K icen iuk )  and  a n u m b e r .  

N a t i v e  s t a n d a r d  i n s e c t s  w e r e  c o l l e c t e d  f r o m  an i s o -  
l a t e d  f ru i t  dump  n e a r  S u m m e r l a n d ,  B r i t i s h  C o l u m b i a  and 
s e v e r a l  l i n e s  w e r e  e s t a b l i s h e d .  To g e n e r a t e  c o m p o u n d a u -  
t o s o m e s  in na t ive  l i n e s ,  v i r g i n  f e m a l e s  w e r e  t r e a t e d  wi th  
2000r  of 7 - r a d i a t i o n  and  c r o s s e d  e i t h e r  to  c o m p o u n d  s t o c k s  
b e a r i n g  m a r k e r s  r i  and e" ( c o m p o u n d  3) o r  It and  px 
( c o m p o u n d  2) ( F i g .  l a , b ) .  A c o m p l e t e  d e s c r i p t i o n  of t he  
m a r k e r s  i s  to be  found in L i n d s l ey  and G r e l l  ( 1968 ) .  Two 
g e n e r a t i o n s  l a t e r ,  u n m a r k e d  n a t i v e  c o m p o u n d s  of e i t h e r  
the  t h i r d  ( C ( 3 L ) V F E I , + ; C ( 3 R ) V F E I , + )  o r  s e c o n d  
(C(2L)VFES,+;C(2R)VFE5,+ andC(2L)VFE6,+;C(2R) 
VFE6, +) chromosomes were then derived. 

Table  1. The c o m p o u n d  and  s t a n d a r d  s t r a i n s  of Drosophila melanogaster u s e d  
in t he  e x p e r i m e n t s  

S t r a i n  O r i g i n  Muta t i ons  

C ( 2 L ) V F E 5 ,  + ;C ( 2 R ) V F E 5 ,  + 

C(2L)VFE6,+;C(2R)VFE6,+ 

C ( 3 L ) V F E I , + ; C ( 3 R ) V F E I , +  

C(2L)VFE1,H28;C(2R)VFES, + 

C (2L)VFEZ,H28 ;C (2R)P,px 

C (2L)VH2, It ;C (2R) P, px 

C (3L)VH2, ri;C (3R)VK1, e s 

para ts C(3L)SH2,+;C(3R)SHI9,+ 

b 

e 

bw 

Na t ive  

N a t i v e  

Na t ive  

Left a r m  : 
L a b o r a t o r y  
Righ t  a r m  : 
N a t i v e  

L a b o r a t o r y  

L a b o r a t o r y  

L a b o r a t o r y  

L a b o r a t o r y  

L a b o r a t o r y  

L a b o r a t o r y  

B a c k g r o u n d  
n a t i v e ~  

none 

none 

none 

H28 - h e a t - s e n s i t i v e  egg  
l e tha l  

H28 - h e a t - s e n s i t i v e  egg 
l e t h a l ;  p l e x u s  wing 

l ight  e y e ;  p l e x u s  wing 

r a d i u s  i n c o m p l e t u s  wing ;  
ebony  s o o t y  body 

t s  p a r a  - adul t  p a r a l y s i s  
at  29 ~ C 
n o r m a l  at  22~  

b lack  body 

ebony body 

b r o w n  e y e  

e i t h e r  C ( 2 L ) V F E 5 , + ; C ( 2 R ) V F E 5 , +  

or C (2L)VFE6, + ;C (2R)VFE6, + 
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F i g .  1. D e r i v a t i o n s  of t he  c o m p o u n d  and s t a n d a r d  s t r a i n s  of Orosophila melanogaster u s e d  in the  s t u d i e s .  
Sol id  l i n e s  - l a b o r a t o r y - d e r i v e d  c h r o m o s o m e s ;  b r o k e n  l i n e s  - n a t i v e - d e r i v e d  c h r o m o s o m e s  

M a l e s  of one  of t he  n a t i v e  c o m p o u n d  2 l i n e s  w e r e  
c r o s s e d  to  s i m i l a r l y  i r r a d i a t e d  v i r g i n  f e m a l e s  b e a r i n g  
an e thy l  m e t h a n e s u l f o n a t e - i n d u c e d h e a t - s e n s i t i v e  t s  l e tha l  
m u t a t i o n  tha t  d i e s  in  t he  egg s t a g e  ( d e s i g n a t e d  H28) on 
t h e  l e f t  a r m  of  c h r o m o s o m e  2 and  the  m a r k e r  en on t h e  
r i g h t  a r m .  The m a t i n g  t h u s  y i e l d e d  an u n m a r k e d  n a t i v e  
c o m p o u n d l i n e  c o n t a i n i n g a  t s  mu tan t  (C (YL)VFE1,  H28 ; 
C ( Y R ) V F E S , + )  ( F i g .  l c ) .  S i m i l a r l y ,  t r e a t e d  H28 cn 
f e m a l e s  w e r e  m a t e d  to  a c o m p o u n d  s t o c k  c a r r y i n g  It and 
px to  ob ta in  a m a r k e d  t s  c o m p o u n d  s t r a i n  (C(YL)VFEY,  
H 2 8 ; C ( 2 R ) P , p x )  ( F i g .  l d ) .  I r r a d i a t e d  v i r g i n s  of a s t r a i n  
c a r r y i n g  the  X - l i n k e d  t s  p a r a l y s i s  m u t a n t ,  p a r a  t ' ,  (Su-  
zuki  e t  a l . ,  1971) w e r e  c r o s s e d  to  c o m p o u n d  3 m a l e s  
m a r k e d  wi th  r i  and e ~ to p r o d u c e ,  two g e n e r a t i o n s  l a -  

ter, a line of compounds associated with an adult para- 
lysis gene (para tB;C(3L)SH2,+;C(31q)SH19,+) (Fig. le). 
All strains derived in these ways were tested for the pre- 
sence of compound autosomes by crossing to known com- 
pound stocks. In addition, those lines putatively carrying 
a ts mutation were tested at both 220C (permissive tem- 
perature) and 29 ~ (restrictive temperature) for the ex- 
pression of the ts phenotype. 

A marked standard chromosome in a native back- 
ground was derived in the following way. Virgin females 
heterozygous for the marked chromosome 2 and 3 balan- 
cers In(YLR)SM1, alYCy cn msp: and In(3LR)TM3, ri 
p~ s e p  bx s 4 '  e '  Sb S e r ,  r e s p e c t i v e l y ,  w e r e  c r o s s e d  to m a -  
l e s  h o m o z y g o u s  f o r  the  mu t an t  bw l i n k ed  to  c h r o m o s o m e  



28 M. Fitz-Earle et al. : Population Control of Caged Native Fruitflies in the Field 

2 (Fig. lf). Phenotypically Cy Sb Ser males were mated 
to virgin native females; their Sb Ser male progeny were 
recovered and again crossed to virgin native females. 
Non-Sb Ser progeny were then mated in single pairs in 
sufficient numbers to yield a homozygous bw line of flies 
having a background that was for the most part co-isoge- 
nic to either the C(2L)VFES, +;C(2R)VFE5,+ or C(2L) 
VFE6,+;C(2R)VFE6,+ strains. 

Cages and Growth Conditions 

The cages used in the laboratory studies were 46 cm 
Plexiglas| cubes, having air vents covered with nylon 
screening on the top and a sleeved port at the front to 
facilitate access to the food dishes and flies. Open food 
dishes containing 50 ml standard cornmeal-agar medi- 
um were introduced every three days until a maximum 
of seven were in the cage at any time. A covered dish 
of water was retained in the cage to ensure high humi- 
dity and the temperature was held at 24.5 -+ 0.5~ 

For the field experiments, the cages were construc- 
ted of a cubical wood framework of side 31 cm withnylon 
screening on all sides except the base, and a sleeve at 
the front. The construction thus permitted exposure of 
the contained flies to prevailing weather conditions. The 
food-changing regimen was identical to that of the labo- 
ratory situation, with the exception that the lids were 
kept on the dishes and small access holes were cut in 
the sides to reduce the desiccation rate of the medium. 

The field experiments were conducted in two loca- 
tions : 
1) Trout Creek in the Okanagan Valley of British Colum- 
bia; the area is a Ponderosa Pine Parkland and is semi- 
desert in nature. Precipitation is sparse throughout the 
year. Temperatures exceed 100 ~ F in the summer and 
there are appreciable diurnal temperature fluctuations 
during this period. 
2) South Campus of The University of British Columbia 
in a West Coast rainforest region. Precipitation is usu- 
ally heavy during spring and fall but is light in the sum- 
mer months. Temperatures rarely exceed 800 F and are 
not as extreme as at the Okanagan site. Temperature and 
precipitation records were obtained from the Meteoro- 
logical Office, The University of British Columbia (in re- 
lation to the South Campus site) and from the Canada De- 
partment of Agriculture, Summerland, British Columbia 
(for the Trout Creek location). 

Design of  Experiments 

Unmated compound and standard males and females were 
aged for 3-4 days and then released into cages in the ini- 
tial ratios given in Tables 2 and 3 for laboratory and field 
experiments, respectively. The flies were permitted to 
increase in abundance over continuous generations. 

Sampling Regime 

About two weeks after releasing flies into a cage, and 
every 3 days thereafter until fixation, a random sample 
of approximately 300 flies was extracted with an aspira- 
tor. The flies were anesthetized with CO~, scored for a 
marker and then returned to the cage. For the laboratory 
experiments, fixation was defined as being reached when 
three consecutive 3-day samples gave exclusively stand- 
ard or compound flies. In the case of the field trials, 
fixation was defined as being reached when one such sam- 
ple was obtained. The frequency of compound flies in each 
sample was calculated and recorded. The number of days 
to fixation was subsequently deduced. 

Results 

Laboratory experiments 

Three compound autosome stocks derived from native 

material, C(2L)VFES, +;C(2R)VFE5, +,C(2L)VFE6, +; 

C(2R)VFE6,+ and C(3L)VFEI,+;C(3R)VFEI,+ were 

extremely vigorous in {aboratory culture. As anticipated, 

they were successful, at almost all ratios tested, in dis- 

placing marked standards under continuous reproduction 

in laboratory cages (Table 2). In general, the higher the 

initial frequency of native compounds released into a la- 

boratory cage, the more rapid the replacement. Con- 

versely, for those laboratory cages in which compounds 

and standards were competed at near-equilibrium ratios 

(i.e, 6:1, 5:1 and 4:1), alonger time was required for 

fixation of the compounds. 

Two of the native compounds (C(2L)VFE5,+;C(2R) 

VFES,+ and C(2L)VFE6,+;C(2R)VFE6,+), were addi- 

tionally tested against non-compound flies marked with 

bw, but having the same genetic backgrounds as the na- 

tive insects from which the compounds were synthesized 

(Table 2). The compounds were successful in some in- 

stances in displacing from the cages bw flies of native 

background, but not at such low levels as when the same 

compounds had been competed against b standards of la- 

boratory origin. Indeed, C (2L)VFE5, + ;C (2R)VFE5, + 

compounds replaced b standards at all ratios testeddown 

to 4:1 but were unable to displace bw standards below 

5:1. Furthermore, C(2L)VFE6,+;C(2R)VFE6,+ com- 

pounds replaced b standards to a minimum initial ratio 

of 4: 1, but when competed against bw standards, they 

failed to go to fixation at ratios below 6:1. 

Field trails 

The native-derived compound line C (2L) VFE 5, + ; C (2R) 

VFES, + was competed against standards in field cages 

in the initial ratios of 5:1 at the Trout Creek field site 

and 9: I and 8:1 at the South Campus station (Table 3). 

For each ratio tested, the compounds were fixed and the 

standards were replaced. The time of fixation was quite 

long (70-120 days) compared to comparable laboratory 

experiments ; no doubt this was due to the fact that the 

compound and standard flies were competed during the 

cool fall months. 

A second compound strain derived from native ma- 

terial, C(3L)VFEI,+;C(3R)VFEI,+ was tested against 

standards in a field cage at the Trout Creek site in the 

initial ratio of 11:1 (Table 3). After about a month, the 

compounds had displaced a significant proportion of the 

standards; complete fixation of compounds was not, how- 
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Table 2. The results of competitions between compound and standard strains 
at various release ratios: laboratory cage experiments 

F i x a t i o n  
C o m p o u n d  S t a n d a r d  o f  D a y s  to  
s t r a i n  s t r a i n  R a t i o *  c o m p o u n d  + f i x a t i o n  

C (2L)VFES, + ;C(2R)VFE5, + b 10:1 S 32 
9 : 1  S 58 
7 : 1  S 76 
6 : 1  S 59 
5 : 1  S 86 
4 : 1  S 174 

C ( 2 L ) V F E 6 ,  + ;C  ( 2 R ) V F E 6 ,  + b 9 : 1  S 48 
7 : 1  S 68 
6 : 1  S 159 
5 : 1 S 107 
4 : 1  S 175 

C (3L)VFE1, + ;C (3R)VFEI, + e 14:1 S 40 
9 : 1  S 28 
7 : 1  S 27 
6 : 1  S 52 
5 : 1  S 90 
4 : 1  S 32 

C ( 2 L ) V F E S ,  + ;C  ( 2 R ) V F E S ,  + b w * *  1 0 : 1  S 80 
9 : 1  S 97 
6 : 1 S 102 
5 : 1  S 57 
4 : 1 F 100 

C ( 2 L ) V F E 6 ,  +; C ( 2 R ) V F E 6 ,  + b w * *  1 0 : 1  S 78 
9 : 1  S 86 
6 : 1  S 92 
5 : 1  F 118 
4 : 1  F 69  

* Compounds to standards 

** Has same background as standard from which competitor derived 

+ S - success; F - failure 
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ever, observed since the cage population was reduced in 

size by the low fall temperatures. 

Many of the populations of flies established during the 

early- or mid-summer months at the Trout Creek site 

were reduced in numbers by the intense heat. The insects 

clearly died of desiccation and the culture medium was 

completely dried up. Two cages that were affected by this 

problem contained the compounds C (2L)VFE1, H28 ; C (2R) 

VFES, + that were native-derived and also carried a ts 

lethal gene and the b standards, established in the initial 

ratios of 17:1 and 5:1 (Table 3). The same competitions 

were conducted later in the season at the South Campus 

station using the ratios 12 : 1 and 5 : 1 and showed con- 

vincing replacement of the standards by the compounds 

(Table 3). Again, due to the lower temperatures, the re- 

placement was prolonged (99-125 days) but fixation of 

compounds was ultimately observed. 

A compound strain originally synthesized in the la- 

boratory and bearing a ts lethal factor (C (2L) VFE2, H28 ; 

C (2R)P,px) was tested against an unmarked standard 

line in various ratios at both field locations. All flies 

died because of the summer heat in those cages establish- 

ed in the ratios of 7 : I and 6 : I at the Trout Creek station. 

However, cages set up later in the season at the same 

site in the ratios of 35:1, 30:1 and 12:1 were all fixed 

in favour of the compounds at the time of termination of 

the experiment (Table 3). Even after 34 days for the 

30:1 cage and 64 days for the 12:1, samples of 300 flies 

were found to contain only compound individuals. Two 

further competitions between C (2L) VFE 2, H28 ; C ( 2R ) P, 

px and + strains in the ratios 10:1 and 8: I, conducted 

at the South Campus location in early fall, were most 

successful (Table 3). Within 46 days the compounds had 

displaced the standards from the I0 : 1 cage, while for the 

8 : 1 test, fixation of compounds took 73 days. 

A laboratory compound strain marked with It and px 

(C (2L) VH2, It ; C (2R) P, px) was competed against stand- 

ards at the Trout Creek site. A cage established in the 

ratio of 8 : 1 compounds to standards in the fall was found 

to be fixed in favour of the compounds after 65 days 
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Table 3. The results of competitions between compound and standard 
strains at various release rations: field cage trials 

Compound Standard Initial *~ 
strain strain ratio Location 

F i x a t i o n  
o f  D a y s  to  

c o m p o u n d  f i x a t i o n  N o t e s  

C ( 2 L ) V F E 5 ,  + ;C  ( 2 1 R ) V F E 5 ,  + b 

C ( 2 L ) V F E 6 ,  + ;C  ( 2 R ) V F E 6 ,  + b 

C ( 2 L ) V F E 1  ; H 2 8  ; C  ( 2 R ) V F E S ,  + b 

C ( 2 L ) V F E 2 ,  H28  ;C  ( 2 R ) P , p x  + 

C ( 2 L ) V H 2 ,  i t  ;C  ( 2 R )  P , p x  + 

ts 
para C (3L)SH2, + ;C (3Ft)SH19, + b 

9 : 1  S . C .  S 116 
8 : 1  S . C .  S 71 
5 : 1  T . C .  S 91 

1 1 : 1  T . C .  P 36 

1 7 : 1  T . C .  - - 

1 2 : 1  S . C .  S 125 
5 : 1  T . C .  - - 
5 : 1  S . C .  S 99 

3 5 : 1  T . C .  S 111 
3 0 : 1  T . C .  S 34 
1 2 : 1  T . C .  S 64  
1 0 : 1  S . C .  S 46 

8 : 1  S.C. S 73 
7 : 1  T . C .  - - 
6 : 1  T . C .  - - 

8 : 1  T . C .  S 65 
5 : 1  T . C .  - 

1 2 : 1  S . C .  F 47 

L a t e  f a l l  e x p e r i m e n t  
L a t e  f a l l  e x p e r i m e n t  
L a t e  f a l l  e x p e r i m e n t  

L a t e  f a l l  e x p e r i m e n t  

S u m m e r  d e s i c c a t i o n  d e a t h  

L a t e  f a l l  e x p e r i m e n t  
S u m m e r  d e s i c c a t i o n  d e a t h  
L a t e  f a l l  e x p e r i m e n t  

L a t e  f a l l  e x p e r i m e n t  
L a t e  f a l l  e x p e r i m e n t  
Late fall experiment 
Early fall experiment 
Early fall experiment 
Summer desiccation death 
Summer desiccation death 

Late fall experiment 
Summer desiccation death 

~ C o m p o u n d s  t o  s t a n d a r d s  

S = S u c c e s s ,  F = F a i l u r e ,  P = P o t e n t i a l  

S . C .  = S o u t h  C a m p u s ,  T . C .  = T r o u t  C r e e k  

( T a b l e  3 ) .  A n o t h e r  c a g e  t h a t  h a d  b e e n  s e t  u p  i n  e a r l y  

s u m m e r  i n  t h e  r a t i o  o f  5 : 1  g a v e  n o  d a t a  d u e  to  t h e  d e -  

s i c c a t i o n  d e a t h  o f  t h e  f l i e s  ( T a b l e  3 ) .  

C o m p o u n d s  o f  t h e  g e n o t y p e  p a r a  t s ' ,  C ( 3 L )  SH 2 ,  * ; C ( 3 R )  

S H 1 9 ,  + ( c o n t a i n i n g  t h e  t s  p a r a l y s i  s f a c t o r )  f a i l e d  t o  d i s -  

p l a c e  b s t a n d a r d s  f r o m  a c a g e  e s t a b l i s h e d  i n  t h e  r a t i o  o f  

1 2 : 1  a t  t h e  S o u t h  C a m p u s  s t a t i o n ;  i n d e e d ,  w i t h i n  47 c l a y s ,  

t h e  f l i e s  b e a r i n g  s t a n d a r d  c h r o m o s o m e s  h a d  g o n e  t o  f i x -  

a t i o n  ( T a b l e  3 ) .  

Discussion 

Native compound flies were successful in displacing labo- 

ratory standards at ratios as low as 4:1~ The same de- 

gree of success was obtained when comparable experi- 

ments were conducted in the field. Indeed, throughout 

these and other laboratory and field tests, native com- 

pound strains were found to be far superior to laboratory 

compound strains. The time to fixation of compounds in 

the field situation was considerably longer than in the 

laboratory, however, no doubt due to the lower fall tem- 

peratures to which the flies were subjected. Two of the 

native compound strains, although extremely vigorous 

compared to laboratory material, when competed in the 

laboratory against essentially native standard lines car- 

rying the bw marker, were less successful in terms of 

the minimum ratio to achieve fixation, than when they 

were tested against laboratory standards carrying the b 

marker. These findings are supported by the experiments 

of Cantelo and Childress (1974), who observed that a 

laboratory compound line marked with se could replace 

laboratory standards in a cage when the initial ratio of 

compounds to standards was in the order of 5: I. How- 

ever, when the same compound strain was tested under 

cage conditions in the laboratory against native stand- 

ards, the ratio for success was appreciably increased 

and the necessary ratio was higher still when the same 

experiment was conducted under field conditions. 

It should be noted that the native compound strains 

used in the present experiments have entirely native 

second chromosomes, and backgrounds that are 50 % 

native and 50 g laboratory-derived, whereas the bw 

standards have primarily laboratory-derived second 

chromosomes and all native backgrounds. The ideal test 

would be to match unmarked compounds and standards 

whose genetic constitutions were completely of native 

origin but the mechanics of obtaining the compound 

stocks would be prohibitive. 
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As  an  e x t e n s i o n  of t he  f i e ld  c a g e  e x p e r i m e n t s ,  u n -  

s u c c e s s f u l  a t t e m p t s  w e r e  m a d e  to d e m o n s t r a t e  r e p l a -  

c e m e n t  u n d e r  open  f i e ld  c o n d i t i o n s .  S e v e r a l  p i l e s  of  

c u l l e d  a p r i c o t s  and  a p p l e s  t h a t  w e r e  f r e e  of Drosophila 

w e r e  s e e d e d  w i th  l a r g e  n u m b e r s  of c o m p o u n d  f l i e s  b e a r -  

ing  i n c o n s p i c u o u s  m a r k e r s ,  in  a n  a t t e m p t  to  e s t a b l i s h  

' c o l o n i e s  ' of c o m p o u n d s  t h a t  would  r e s i s t  ' i n v a s i o n s  ' 

by  n a t i v e  s t a n d a r d  f l i e s .  A l t h o u g h  c h i l l e d  f r u i t  w a s  u s e d  

to  m i n i m i z e  a d u l t  d i s p o s a l  a n d  c u l t u r e s  c o n t a i n i n g  a l l  

s t a g e s  of d e v e l o p m e n t  w e r e  u s e d  to i n o c u l a t e  t h e  f r u i t ,  

c o l o n i e s  w e r e  f o r m e d  in  n o n e  of t h e  p i l e s .  It w a s  s p e -  

c u l a t e d  t h a t  d i s p e r s a l  of t h e  r e l e a s e d  c o m p o u n d s ,  r a p i d  

d i s p l a c e m e n t  by  i n - m i g r a t i n g  n a t i v e  s t a n d a r d s  o r  m o r -  

t a l i t y  u n d e r  f i e l d  c o n d i t i o n s ,  a l l  c o n t r i b u t e d  to t h e  f a i -  

l u r e  of t h e s e  t r i a l s  ( F i t z - E a r l e ,  u n p u b l i s h e d .  ) C a n t e l o  

a n d  C h i l d r e s s  ( 1 9 7 4 )  r e l e a s e d  s e  c o m p o u n d s  in to  open  

t o m a t o  f i e l d s  a n d  m o n i t o r e d  t h e  p l o t s  f o r  t h e  p r e s e n c e  

of m a r k e d  f l i e s  o v e r  s e v e r a l  d a y s .  The  f r e q u e n c y  of t h e  

c o m p o u n d s  d e c r e a s e d  r a p i d l y  wi th  t i m e  a n d  w a s  l i k e -  

w i s e  a t t r i b u t e d  to  d i s p e r s a l  a n d  m o r t a l i t y  of t he  l a b o r a -  

t o r y - r e a r e d  f l i e s .  

Of t h o s e  c o m p e t i t i o n s  in  w h i c h  a l a b o r a t o r y - d e r i v e d  

c o m p o u n d  b e a r i n g  a t s  l e t h a l  g e n e  (H28 ;+ a n d  H28 ;px )  

w e n t  to  f i x a t i o n ,  n o n e  d id  s o  p r i o r  to  e x p o s u r e  of  t h e  

f l i e s  to  t e m p e r a t u r e  f l u c t u a t i o n s  t ha t  m e t  o r  e x c e e d e d  

t h e  r e s t r i c t i v e  t e m p e r a t u r e  of t h e  t s  m u t a n t  (29  ~ ) .  

Tha t  i s ,  t h e  e x p e r i m e n t s  c o n d u c t e d  a t  t he  T r o u t  C r e e k  

s i t e ,  t h a t  g a v e  r e p l a c e m e n t ,  w e r e  i n i t i a t e d  so  l a t e  in  t h e  

s u m m e r  t h a t  d a y t i m e  t e m p e r a t u r e s  w e r e  b e l o w  the  r e -  

s t r i c t i v e  l e v e l  and  t h o s e  t e s t s  a t  t h e  South  C a m p u s  l o c a -  

t i o n ,  e v e n  in  h i g h  s u m m e r ,  w e r e  n e v e r  s u b j e c t e d  to t h e  

2 9 ~  t e m p e r a t u r e  e x t r e m e .  T h u s ,  u n d e r  t he  s e p a r a t e  

s e t s  of f i e l d  c o n d i t i o n s ,  p o p u l a t i o n  r e p l a c e m e n t  of s t a n d -  

a r d s  by  t s - b e a r i n g  c o m p o u n d  i n d i v i d u a l s  w a s  p r o v e n ,  bu t  

( F i t z - E a r l e ,  1 9 7 4 b ) ,  p e r h a p s  due  to  i n t r i n s i c  p r o p e r t i e s  

of t he  c o m p o u n d  o r  to  v i a b i l i t y  e f f e c t s  a s s o c i a t e d  w i t h  t h e  

p a r a l y s i s  g e n e .  

It i s  a p p a r e n t  f r o m  t h e  p r e s e n t  and  a s s o c i a t e d  t e s t s  

of c o m p o u n d s ,  t h a t  c o m p o u n d  s t r a i n s  d e r i v e d  f r o m  l a b -  

o r a t o r y  s t o c k s  f a r e d  l e s s  we l l  t h a n  n a t i v e - d e r i v e d  c o m -  

p o u n d s  in t h e i r  a b i l i t y  to  d i s p l a c e  s t a n d a r d s ,  e s p e c i a l l y  

n a t i v e  o n e s .  In a c o n t r o l  p r o g r a m m e ,  t h e r e f o r e ,  i t  i s  

c l e a r l y  i m p o r t a n t  to  c o l l e c t  n a t i v e  m a t e r i a l  f r o m  t h e  

f i e l d  a n d  p e r f o r m  t h e  n e c e s s a r y  g e n e t i c  m a n i p u l a t i o n s  

w i th  a s  l i t t l e  e x p o s u r e  to  l a b o r a t o r y  c o n d i t i o n s  a s  i s  p o s -  

s i b l e  p r i o r  to  r e - i n t r o d u c i n g  t h e  i n s e c t s  i n to  t h e  wi ld .  
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