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Genetic Instability in Mass-rearing Colonies of a Sex-linked 
Translocation Strain of Lucifia cuprina (Wiedemann) 
(Diptera: Calliphoridae) During a Field Trial of Genetic Control 

G.G. Foster, R.H. Maddern and A.T. Mills 
CSIRO Division of Entomology, Canberra City (Australia) 

Summary. Genetic breakdown occurred in a strain of  Lu- 

cilia cuprina constructed for the purpose o f  genetic control 
of  this pest. The strain incorporated autosomal recessive 
eye colour mutations linked in repulsion with a transloca- 
tion involving the Y chromosome (male-determining)and 
two autosomes. In the original strain females had white 
eyes and males were wild type. The spontaneous break- 
down involved a failure of  the sex-limited inheritance o f  
the eye colour mutations. Characteristically the frequency 
of  white-eyed males increased rapidly in the strain, where- 
as the frequencies o f  the three other phenotypicaUy recog- 
nizable breakdown products did not. This suggested that 
the white-eyed males had a selective advantage over both 
the wild type males and the other breakdown products. 

Genetic analysis revealed that recombination, which is 
normally rare in L. cupn'na males, is considerably more 
frequent in the presence of  a Y-autosome translocation, 
but that  recombination alone was insufficient to account 
for the rate o f  increase of  the white-eyed males in the col- 
ony. Genetic and cytological analysis o f  the breakdown 
products revealed that reversion o f  the multi-break trans- 
location also occurred, and that many of  the white-eyed 
males had either only a Y-single-autosome translocation or 
no translocation at all; thus these males were more fertile 
than the wild type multi-translocation males. In addition, 
under colony cage conditions the white-eyed males may 
have had a behavioural advantage in competition with the 
wild type males. 

Key-words: Genetic control - Y chromosome - Male re- 
combination - Lucilia cuprina - Population genetics - 
Mass rearing 

Introduction 

The use o f  Y-autosome translocations linked in repulsion 
with eye colour mutations for genetic control of  insect 
pests which lack meiotic recombination in males, has re- 

cently been proposed (Whitten et al. 1977). Semi-sterility 
of  the translocation plus the lethal effect in the field o f  
homozygosis for the eye colour mutations can in theory 
lead to rates o f  genetic death greater than 90% per genera- 
tion (Whitten et aL 1977; Whitten 1979). 

During two field seasons from the spring of  1976 to 
the autumn of  1978 a field trial o f  the translocation/eye- 
colour-mutation technique was conducted against a popu- 
lation o f  Lucilia cuprina (Wiedemann)nearCanberra(Foster 
et al. in prep.). The strain used for the bulk o f  this trial in- 
corporated an eye colour mutation on each of  chromo- 
somes 3 and 5 and a translocation involving the Y chromo- 
some and chromosome 3 and 5. Initially, females o f  this 
strain had white eyes and males wild-type eyes, but  it soon 
became apparent that the strain was unstable, as evidenced 
by the appearance o f  large numbers of  white-eyed males 
in the mass-rearing colonies. Since white-eyed flies are un- 
able to survive in the field (Whitten et al. 1977) this led to 
considerable wastage o f  effort during the trial, and necessi- 
tated several selections o f  the colonies for wild-type males. 
This paper describes this type of  strain breakdown and pre- 
sents a preliminary account o f  the mechanism of  break- 
down. 

Materials and Methods 

Mutations and Strains 

The symbols of mutations mentioned in this paper are as follows: 
ar (featherless aristae), ru (rusty body) and w (white eyes) on 
chromosome 3; and bz (bronze body), Rdl (Dieldrin resistance), 
mv (= mr) (missing M1 veins), to and to = (topaz eyes) on chromo- 
some 5. The eye colour mutations to and to: are allellc, and the 
phenotype of to2/to (orange eyes) is distinguishable from both 
to 2/to 2 (scarlet) and to/to (yellow). For descriptions of these mu- 
tations see Whitten et al. (1975). 

The sex-linked translocation T(Y;5 ;3)23-1 was derived by irra- 
diating adult males carrying the sex-linked translocation, T(Y;5)23 
(Foster et al. 1978), and selecting offspring for pseudolinkage of 
chromosome 3 markers with chromosome 5 markers and sex. Both 
rearrangements carry R d l  on the left arm of chromosome 5. 
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Strain T23-1 was const ructed by crossing homozygous  w;to fe- 
males to males carrying T(Y;5;3)23-1 and then crossing F,  male 
offspring to homozygous  w;to females.  The w;to stock used for this 
had been derived f rom an outcross  o f  a laboratory w;to strain to a 
culture established from flies collected f rom the field in the  a u t u m n  
of  1976. The ch romosomal  and genotypic  s t ructure  of  males of  
strain T23-1 is d iagrammed in Figure 1. 

Generally three lines o f  strain T23-1 were mainta ined  in the  
rearing colony at  any  one time, separated by one week from each 
other  on a three-week generat ion cycle. In 1976-7 each colony con- 
tained 12 cages, each with approximate ly  10,000 flies. The number  
o f  cages was increased to 64 during the  1977-8 season. 

On three occasions during the  two seasons the  colonies were se- 
lected by taking approx.  5 ,000 white-eyed females and 1,000 wild- 
type  males f rom a colony and  founding a new line f rom these indi- 
viduals. Fur ther  details are given in Results.  

Rearing Procedures 

Adult  flies in the  cages were provided with excess sugar and water, 
and  sufficient  protein  in the  form o f  a paste of  homogenized  sheep 
liver to permit  ovarian development .  

Eggs were collected on dishes containing liver strips or a small 
a m o u n t  o f  liver paste, and were incubated  overnight  to allow them 
to hatch.  

Larvae were reared on trays containing a med ium consisting of  
minced ovine or bovine liver, co t ton  linters, and water in the  ap- 
p rox imate  propor t ions  o f  10:1:3 by  weight. 

When fully fed, the  larvae left the  med i um over a period o f  2-3 
days and  were collected in vermiculi te or sawdust.  A port ion of  
the larvae were retained for colony main tenance  and the  remainder 
packaged for aerial release (Foster  et al. 1978). 

Sampling for Eye Colour and Sex Ratio 

Each generat ion,  samples o f  approximate ly  1,000 individuals f rom 
each colony were scored for eye colour and sex. Two me thods  o f  
sampling were used:  (1) mature  larvae were taken f rom the mass- 
rearing trays on the  first o f  the  two main days o f  larval drop-off,  
were allowed to develop to matur i ty ,  and scored; (2) first-instar lar- 
vae were collected f rom the egging dishes o f  each o f  12 colony 
cages, pooled and  reared on liver to the  pupal  stage, and then the 
sample o f  1,000 individuals was obtained.  

The collection-tray sampling procedure yielded significantly'  
fewer females than  the  egging-dish m e t h o d  (p < 0.0001),  because 
females develop more  slowly than males and leave the  med ium later. 
Within each sex, however,  the  two sampling me thods  yielded no 
significant differences with regard to eye m u t a n t  phenotypes  (for 
males 0.5 < p < 0.6, and for females 0.10 < p < 0.12). Thus  eye 
colour propor t ions  obtained by either procedure were used inter- 
changeably,  and where bo th  procedures  were used for a given rear- 
ing the results were pooled. 

Results 

Frequency of Eye Colour Mutants in the Mass-rearing 
Colonies 

The proportions of  mutant males in the mass-rearing 
colonies for 1976-7 are shown in Figure 2. Lines A and C 

1 Using a • test  for homogene i ty  on the pooled results for 20 
mass  rearings in 1976-7 in which bo th  sampling me thods  were used. 

were constructed separately by mating w;to99 to T(Y;5 ;3) 
23-1dd in the genetics laboratory before their introduction 
to mass rearing. Line B was established from offspring o f  
the week 7 culture of  line A. However, on two occasions 
flies from lines A and B were mixed with line C (Fig. 2). 
Approximately 52% of  the flies in the week 6 culture were 
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Fig. 1. Diagrammatic representat ion o f  chromosomes  3, 5 and 
the  sex chromosomes  in males o f  strain 'T23-1' .  The structure o f  
T(Y;5 ;3)23-1 is after Bedo (1980) 
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Fig. 2. Proport ions of  mu tan t  males in mass  rearing colonies dur- 
ing 1976-7. ~ line A, white eyed males: e -- line A, yellow- 
eyed males; e - - 4  line B, white-eyed males; o - - - o  line C, white 
eyed males; ~ addition o f  flies f rom lines A or B to line C 
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offspring of  line A, and 12% of the flies in the week 18 
culture came from line B. 

The proportion of  white-eyed males in lines A and B in- 
creased rapidly to 35.0% and 24.5%, respectively, in 9 gen- 
erations, after which these lines were terminated (Fig. 2). 

Line C differed from line A initially, both in having a 
lower proportion of mutant males and in showing a lower 
rate of  increase in this proportion. The proportion of white- 
eyed males increased more rapidly following the addition 
of  flies from line B in generation 6 (week 18), exceeding 
10% at the end of  the season. 

The frequency of  yellow-eyed individuals of either sex 
remained low in all lines, as shown in Figure 2 for line A 
males. For all 1976-7 samples the mean frequency of yel- 
low-eyed flies was 0.46% (range 0-0.9%) in males and 0.47% 
(range 0-1.2%) in females. 

New lines of strain T23-1 for the 1977-8 season were 
established by selecting wild type males and white-eyed 
females from line C at the beginning of the season, and 
twice later in the season. White-eyed males accumulated in 
these lines (Fig. 3) at rates similar to those experienced in 
lines A, B and C (Fig. 2). The proportion of white-eyed 
males reached high levels in lines J ,K and L, which were 
maintained without artificial selection over a longer period 
of time (Fig. 3). 

None of the 29,471 females examined during 1976-7 

had wild-type eyes. In the 1977-8 season no wild type fe- 
males (N = 29,628 for weeks 1-35) were detected until 
week 36. From then onward wild type females were recov- 
ered in line J at a constant rate (mean = 0.73%, N = 4250) 
each generation except the last one, when none were recov- 
ered (N = 496). After week 36 only 1 wild-type female was 
detected in line L, and none in line K (combined N = 7916). 
Two wild type females from line J were progeny-tested by 
mating them to w/w;to/to males, and both proved to be 
w/+;to/+. 

Genetic Recombination in Males 

The appearance of white and yellow-eyed males, and 
yellow-eyed and wild type females in T23-1 suggests that 
genetic recombination was occurring in the males of this 
strain. Until recently genetic recombination has not been 
observed in males ofL. cuprina (Foster and Whitten 1974; 
Whitten et al. 1975); however Konovalov (1977) reported 
that recombinant offspring are occasionally produced by 
males heterozygous for Y-autosome translocations. In 
strain T23-1 crossing over between the w locus and the 
Y;3 translocation break point (Fig. 1) would yield white- 
eyed male and yellow-eyed female offspring, and crossing 
over between the to locus and the Y;5 translocation break 
point would yield yellow-eyed males. 
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Fig. 3. Proportions of white-eyed males in mass rearing colonies during 1977-8 
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Table 1. Crossing over on chromosome 3L in males and females 

Number of progeny 
Chromosome 
31. Cross A a Cross B Cross C Cross D 
Markers 

d d  9 9  

w ru ar 2 724 3549 2971 245 
§ § + 1334 6 3582 3047 305 
w + +  9 0 5 0 76 
§ ru ar 0 4 2 1 54 
w ru § 4 1 b 5 0 129 
+ + ar 0 9 2 2 122 
w + ar 0 0 0 0 19b 
+ ru + 1 b 0 0 0 14 b 

To~ls 1350 744 7145 6021 964 
2094 

f r e q u e n c y  o f  

w - ~1" 

c r o s s i n g  o v e r  c 

2094 
1.38% 0.20% 0.05% 46.4% 

aCrosses: A w ru ar 99 X T(Y;5;3)23-1, R d l / w  ru ar dd 

B w ru ar 99 X w ru at/+ + +;T(Y;5)23, Rdl  c~d 
C w r u a r 9 9 X w r u a r / + + + d d  
D w r u a r / + + + 9 9  XwruarcJc~  

Crosses B, C and D were performed simultaneously; cross A was performed at a different time 
t~ Double crossovers 
c Chi-square values were calculated from 2x2 contingency tables using w-at crossover data from 
crosses A, B and C. The frequency of crossing over differed significantly in all pairwise comparisons: 
A:B and A:C with p < 10 -4, and B:C with 0.01 < p < 0.05 

To examine whether  crossing over in T(Y;5 ;3)23-1 het- 
erozygotes can account for the frequency of  mutant  males 
observed in the mass-rearing colonies, the progeny o f  
T(Y;5 ;3)23-1 , R d l / w  ru ar  males from a laboratory culture 
were scored for recombinat ion between the mutant  mar- 
kers and sex. The results are presented in Table 1 along 
with sample data for comparison from other experiments 

with w ru ar /+  + + females or males. The data clearly show 
that crossing over does occur in males, and moreover that  
while the frequency is much lower than in females, crossing 
over is significantly (see footnote ,  Table 1) more frequent 
in translocation-bearing males than in chromosomally nor- 
mal males. Moreover, this enhancement o f  crossing over is 
not  restricted to chromosomes involved in the translocation, 
as shown by  the results o f  cross B (Table 1). 

The apparent  difference in crossover frequency between 
T(Y;5;3)23-1/w ru  ar  and w ru ar /+  + +;T(Y;5)23 males 

(Table I) may be due to causes other  than their different 
chromosomal consti tutions,  since crosses A and B (Table 1) 
were performed at different times using different stocks. 
When recombinat ion between w and sex was examined in 
T(Y;5 ;3)23-1/w;to males taken from the mass rearing col- 
onies, the 0.28% frequency (Table 2) was much closer to 
the 0.20% between w and ar  observed for w ru ar /+  + +; 
T(Y;5)23 males (Table 1). 

I f  white-eyed males in the mass rearing colonies are as 
fit as T ( Y ' , 5 ; 3 ) 2 3 - 1 / w ; t o  males, and yellow-eyed females 
are unfit (as suggested by  their consistently low frequency), 
the observed crossover frequencies (Table 2) should result 
in the accumulation o f  white-eyed males at a rate of  ap- 
proximately  0.3% per generation. At  the time these males 
were taken from the mass rearing colony (week 45, line J) 
the frequency o f  white-eyed males in the colony was 10% 
and was virtually being doubled each generation (Fig. 3). 
Thus crossing over of  this type dea r ly  cannot account for 
such a rapid increase. It should be noted that  crossing over 
between t o  and sex was of  the same order as that  between 
w and sex (Table 2) yet  the proport ion of  yellow-eyed 
males remained constant at less than 1% in the colonies. 

R e v e r s i o n  o f  T ( Y ; 5 ; 3 ) 2 3 - 1  

In order to examine the mechanism of  strain breakdown, 
white-eyed males from the mass-rearing colony were ex- 
amined cytologically and genetically. Preliminary results 
indicated that three types o f  males were present: (1) males 
with the T(Y;5;3)23-1 karyotype,  (2) males carrying a 
T(Y;5) whose chromosome 5 breakpoint  was identical to 
that o f  the original T(Y;5)23, and (3) males with no detec- 
table chromosome rearrangements. In a later study, o f  27 



G.G. Foster et al.: Unstable Y-Autosome Translocation Strain in Lucilia cuprina 

Table 2. Genetic recombination in T(Y,'5;3)23-1, Rdl/w; to males from the mass rearing colony a 

173 

Generation 
Sex and eye colour phenotypes 

99 c~d 

Percent recombination 

White Yellow Wild White YeUow Wild w - -  sex b to - -  s e x  c 

1 1593 5 1 5 4 1771 0.30 0.23 
2 1695 5 1 5 7 2550 0.24 0.27 
3 1868 5 0 9 6 2605 0.31 0.23 

Total 5156 15 2 19 17 6926 0.280 0.244 

a 69 virgin white-eyed females from the week 45 culture of line J (Fig. 3) were each pair-mated with a wild 
type male from the same culture, and generation 1 progeny were scored for sex and eye eolour phenotype. For 
the second generation 20 white-eyed females and 20 wild type males from each pair were mass-mated (in a 
separate line for each original pair) and a sample of their offspring reared and scored for sex and eye eolour 
phenotype. For the third generation 20 flies of each sex from the second-generation cultures were mated in a 
repeat of the above procedure 
b U s i n g  data from both sexes 
c Using data from dd only 

white-eyed males from the week 25 culture of  line I (Fig. 
3), 15 were w/w;T(Y;5)/to, 12 were w/w; to~to and none 
carried T(Y ;5 ;3)23-1. 

Unlike the white-eyed males, most yellow-eyed males 
and all wild type males sampled from the rearing colonies 
still carried T(Y;5 ;3)23-1. Of 18 yellow-eyed males from 
weeks 25-30 of  lines G, H and I (Fig. 3), 16 were T(Y;5 ;3) 
23-1 ,to/w;to and 2 were w/+;to/to. The latter presumably 
arose originally from a w/+;to/to9 x w/w;to/tod mating, 
and the former from genetic recombination in T(Y;5;3) 
23-1/w;to males. 

In all o f  the 69 wild type males tested (Table 2) the 
chromosome 3 marker was linked to sex. To check for the 
presence o f  the chromosome 5 marker, to, and its linkage 
to sex, 20 wild type G2 males from each line were mass- 
mated to 20 virgin to2bz my females, and their progeny 
scored for sex and eye colour phenotype. All lines exhibited 
sex-linkage o f  to; i.e. each of  the 69 males sampled from 
the colony carried T(Y;5 ;3)23-1. The results indicated that 
68 o f  the original pairs had the genetic consitution w/w; 
to~to9 x T(Y;5 ;3)23-1/w;tod and one was either w/w;to/+9 
x T(Y;5 ;3)23-1 [w;to d or w/w;to/to9 x T(Y;5 ",3)23.1/w;+d. 

Discussion 

The results of  the cytogenetic examination of  white eyed 
males from strain T23-1 suggest that T(Y;5 ;3)23-1 is capa- 
ble of  reverting to chromosome arrangements closely simi- 
lar, if not  identical, to  the original T(Y;5)23 Conformation 
and a structurally normal conformation. Since these karyo- 
types can be expected to be more fertile than T(Y;5 ;3)23-1 
males, the frequency of  white-eyed males should accumu- 
late in the colonies, provided that their mating competiti- 

veness with wild type-eyed males is not  seriously impaired. 
Although the reversion process has not been studied 

directly, it can be postulated that the mechanism involves 
unequal exchange events, probably between the regions of  
Y chromosome on the various elements of  the translocation. 
Three different single-interchange events are possible (Fig. 
4a, c), each leading to phenotypically recognizable off- 
spring. 

Assuming that reciprocal exchange products segregate 
from one another, a type i event (Fig. 4a) would lead to a 
white-eyed T(Y;5) male carrying the structurally normal 
paternal chromosome 3, and a yellow-eyed female carrying 
the normal paternal chromosome 5 plus a reconstituted 
chromosome 3 carrying a w + allele. 

A type 2 event (Fig. 4a, c) would produce a white-eyed 
fly (presumably male) carrying the normalpaternal chromo- 
somes 3 and 5 plus a Y chromosome which must  lack the 
segment o f  Y chromosome material contained in the 5 ;3 
element o f  T(Y;5;3)23-1. The fertility o f  this male would 
depend on whether any essential fertility loci are contained 
in this Y segment. The reciprocal product would be a wild 
type fly which, if physiologically fertile, would contain a 
T(5 ;3) and thus should be semisterile. It is uncertain what 
effect the Y segment in the 5 ;3 element would have on the 
phenotypic sex of  this fly, or whether fertility would be 
affected. The cytogenetics o f  sex and fertility are not  fully 
understood, but it is known that not all o f  the Y chromo- 
some need be present for a fly to be phenotypically male 
and fertile (Konovalov 1977). If  the white-eyed non-trans- 
location-beating males arising from type 2 events (Fig. 4a, 
c) were sterile owing to the missing Y segment, the fertile 
males of  this type must have arisen either from a type 4 
event in a T(Y;5) male (Fig. 4b, c) or a double (type 1+3) 
event. 
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Fig. 4a-c. Breakdown of  T(Y;5;3)23-1. a Unequal exchange in 
T(Y;5 ;3)23-1[w;to males, b unequal exchange in w/w;T(Y;5)23[to 
males, c expected karyotypes of  sperm formed by unequal ex- 
change. The phenotypes of  flies resulting from union of  these ga- 
metes with eggs from w/w;to/to females are given in parentheses 

A type 3 event (Fig. 4a, c) would produce a yellow-eyed 
T(Y;3) male or a white-eyed dieldrin-resistant female. Out 
of the 18 yelloweyed males from the rearing colony tested 
none were T(Y;3), so if this type of exchange does occur 
it is much rarer than crossing over between to  and the Y;5 
translocation break point and its products are probably se- 
lectively eliminated. 

In conclusion, to account for the genotypes found, type 
1 exchanges must occur as well as either or both of ex- 
change types 2 and 4. There is no evidence, however, for 
the occurrence of  type 3 exchanges. 

White-eyed males are much less viable than wild type 
males in the field (Whitten et al. 1977), and it might there- 
fore appear counterintuitive to assume that they are com- 
petitive under cage conditions. Observations on their be- 
haviour suggest, however, that they may actually enjoy an 
advantage in mating competitiveness in the mass rearing 
cages. Laboratory experiments (P.H. Smith and C,A. Ko- 
novalov, unpublished data) have revealed that while wild 
type flies exhibit a strong positive phototaxis, white-eyed 
flies show neither a positive nor a negative phototaxis. In 

the mass rearing colony, wild type males tend to be distri- 
buted towards the tops of the cages (presumably attracted 
by the ceiling lights in the insectary), whereas white-eyed 
females and males tend to remain on or near the floor of 
the cages, near the water, food and oviposition sites (E. 
Reed and K.G. Fenley, unpublished observations). Thus 
the white-eyed males could have encountered females more 
frequently than the wild type males, and could therefore 
have had a mating advantage which offset any disadvantages 
accruing from their mutant phenotype. 

Unlike the white-eyed males, the yellow-eyed males ap- 
peared to be at a competitive disadvantage compared with 
wild type. If they had been equally competitive, their fre- 
quency would have been expected to rise gradually in the 
colonies simply by the addition each generation of new re- 
combinants to the yellow-eyed males descended from pre- 
vious recombinant individuals. This did not happen, the 
proportion of yellow-eyed males remaining low (Fig. 2), 
indicating that they were being eliminated from the cage 
populations at a rate which compensated for their forma- 
tion by crossing over. Similarly, the yellow-eyed female 
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products of crossing over between w and the Y;3 transloca- 
t ion break point appeared to be at a disadvantage in rela- 

t ion to the white-eyed females. 
Although crossing over in males is unusual in the higher 

Diptera, its existence has been documented in Musca do- 
mestica (Milani 1967; Kerr 1970), Drosophila melanogaster 
(Hiraizumi 1971) and D. ananassae (Moriwaki and Tobari 

1975). Unlike L. cuprina, enhanced crossing over in males 
of someDrosophila strains does not  appear to be associated 
with the presence of a Y-autosome translocation. In M. 
domestica males recombination has been observed in both 
standard (XI 0 and autosomal holandric strains (Milani 
1967; Kerr 1970). InD. melanogaster, it appears that both 
meiotic (Henderson et al. 1978) and premeiotic (Hiraizumi 

1979) systems of recombination can occur in males. Muta- 
tor activity, distorted transmission frequencies and chromo- 
some breakage also occur in strains exhibiting male recom- 
bination (KidweU 1973; Hirazami et al. 1973; Sved 1974; 
Voelker 1974; Hiraizumi 1977; Henderson er al. 1978 ). 

There is not  yet sufficient data in L. cuprina to indicate 
whether recombination in males is meiotic or premeiotic, 
and there is no evidence concerning mutator  activity or 
transmission distortion. However, chromosome breakage 
events must be involved in the reversion of T(Y;5 ;3)23-1. 

The occurrence of crossing over and structural reversion 
of rearrangements in L. cuprina males carrying Y-autosome 
translocations constitutes an unanticipated hurdle in their 
use in genetic control. Two possible approaches to the re- 
solution of this problem are being investigated: (1) the 
construction of  strains less prone to break down, and (2) 
the construction of strains in which breakdown does occur 
but in which products of breakdown are automatically 
eliminated. A study of the cytogenetics of sex determina- 
tion, fertility, and recombination in maleshasbeeninitiated, 
in order to discover whether the Y chromosome contains 

any loci which affect these characteristics. In addition, the 
use of  certain marker combinations to eliminate genetic 

breakdown products is currently being tested in population 

cages. 

Acknowledgements 

During the course of this investigation first G. Hall and later K.G. 
Fenley were in charge of the mass rearing operation. The data from 
cross A (Table 1) is from an experiment performed by C. Konova- 
lov. Valuable technical assistance was provided in the genetical stu- 
dies by T. Symonds and L. Lucas, and in mass rearing by T. Drury 
and S. Bakker. 

This research was supported by funds from the Australian Meat 
Research Committee (Project CS 13 S- 14S). 

Literature 

Bedo, D.G. (1980); (2, Q and H-banding in the analysis of Y-chro- 
mosome rearrangements in Lucilia cuprina (wiedemann) 
(Diptera: Calliphoridae). Chromosoma 11,299-308 

Foster, G.G.; Whitten, M.J. (1974): The developmentof genetic 
methods of controlling the Australian sheep blowfly, Lucilla 
cuprina. In: The use of genetics in insect control, (eds.: Pal, R; 
Whitten, M.J.), pp. 19-43. Amsterdam: Elsevier/North-Holland 

Foster, G.G.; Whitten, M.J.; Vogt, W.G.; Woodburn, T.L.; Arnold, 
J.T. (1978): Larval release method for genetic control of the 
Australian sheep blowfly, Lucilla cuprina (Wiedemann) (Diptera: 
CaUiphoridae). Bull. Ent. Res. 68, 75-83 

Henderson, S.A.; Woodruff, R.C.; Thompson, J.R. (1978): Spon- 
taneous chromosome breakage at male meiosis associated with 
male recombination in Drosophila melanogaster. Genetics 88, 
93-107 

Hiraizumi, Y. (1971): Spontaneous recombination in Drosophila 
melanogaster males. Proc. Nat. Acad. Sci. (Wash.) 68, 268-270 

Hiraizumi, Y. (1977): The relationship among transmission fre- 
quency, male recombination and progeny production in Droso- 
phila melanogaster. Genetics 87, 83-93 

Hiralzumi, Y. (1979): A new method to distinguish between meiotic 
and premeiotic recombinational events in Drosophila melano- 
faster. Genetics 92, 543-554 

Hiraizumi, Y.; Slotko, B.; Langley, C.; Nill, A. (1978): Recombina- 
tion in Drosophila melanogaster male. Genetics 73,439-444 

Kerr, R.W. (1970): Inheritance of DDT resistance in a laboratory 
colony of the housefly, Musca domestica. Austr. J. Biol. Sei. 
23, 377-400 

Kidwell, M.G. (1973): High frequencies of spontaneous lethal mu- 
tation and recombination in males of Drosophila melanogaster. 
Genetics 74, s138 (abstr.) 

Konovalov, C.A. (1977): Cytogenetic studies on the Australian 
sheep blowfly Lucilia cuprina. M.Sc. Thesis, Australian National 
University, Canberra 

Milani, R. (1967): The genetics of Musca domestica and of other 
muscoid flies. In: Genetics of insect vectors of disease. (eds.: 
Wright, J.W.; Pal, R.), pp. 315-369., Amsterdam: Elsevier 

Moriwaki, D.; Tobari, Y.N. (1975): Drosophila ananassae. In: 
Handbook of genetics, Vol. 3 (ed.: King, R.C.), pp. 513-535. 
New York: Plenum 

Sved, J.A. (1974): Association between male recombination and 
rapid mutational changes in Drosophila melanogaster. Genetics 
77, s64 (abstr.) 

Voelker, R.A. (1974): The genetics and cytology of amutator factor 
in Drosophila melanogaster. Mutation Res. 22, 265-276 

Whitten, M.J. (1979): The use of genetically-selected strains for 
pest replacement or suppression. In: Genetics in Relation to 
Insect Management. (eds.: Hoy, M.A.; MeKelvey, J.J.) The 
Rockefeller Foundation, New York. 

WMtten, M.J.; Foster, G.G.; Arnold, J.T.; Konowalow, C. (1975): 
The Australian sheep blowfly, Lucilia cuprina. In: Handbook 
of genetics, Vol. 3, (ed.: King, R.C.), pp. 401-418. New York: 
Plenum 

Whitten, M.J.; Foster, G.G.; Vogt, W.G.; Kitching, R.L.; Wood- 
burn, T.L.; Konovalov, C. (1977): Current status of genetic 
control of the Australian sheep blowfly, Lucilla cuprina (Wie- 
demann) (Diptera: Calliphoridae) pp. 129-139. Proc. XV, Int. 
Congr. Entomology, Washington, D.C., 1976 

Received February 14, 1980 
Communicated by J.S.F. Barker 

Dr. G.G. Foster 
Dr. tLH. Maddern 
Mr. A.T. Mills 
CSIRO Division of Entomology 
P.O. Box 1700 
Canberra City, A.C.T. 2601 (Australia) 


