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Summary. In 1979-80 a field trial of a compound chro-
mosome (CC) strain of the Australian sheep blowily
Lucilia cuprina was conducted in the isolated Brindabella
Valley, N.S.W. New genetic material was introduced
into the strain before release by inducing 104 new CC
elements by irradiation of recently captured field
strains, and combining the resulting strains. Weekly
releases, averaging 1.1 million larvae per week, were
begun in November 1979 and continued to May 1980.
Field-inseminated females were trapped weekly and
their genotypes and those of their mates were deter-
mined through genetic testing. The proportion of
wild X wild matings declined from 16% in December
1979 to 1% in April 1980. During this period the
proportion of CCX CC matings rose from 50% to 90%.
Larvae sampled from infested sheep had compound
chromosomes, indicating that compound chromosome-
bearing females can successfully oviposit in the field.
Trapping of flies resumed at the start of the 1980-81
season, without further releases. Progeny tests revealed
the presence of both CC and wild flies. The proportions
of CCXCC matings among field-inseminated females
were 90% in October, 44% in November, nil in Decem-
ber, and 12% in Januvary. No CCXCC matings were
detected in 33 field-inseminated females trapped and
tested during April, and 70 tested males reared from
myiasis samples in April 1981 proved to be wild type.
These results indicate that the CC strain overwintered
in the field and strongly suggest that it bred in the field
for at least one generation following the spring emer-
gence before being eliminated from the population.
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Introduction

The possibility of using chromosome rearrangements
for genetic control of Lucilia cuprina (Wiedemann) has
led to a considerable amount of research into its basic
genetics (Foster etal. 1980b, 1981) and, more par-
ticularly, into the construction of compound chromo-
some (CC) strains in this species (Foster etal. 1976;
Maddern 1981). In theory, a CC strain, if released in
sufficient numbers, should be able to completely
replace a wild population (Foster et al. 1972; Fitz-Earle
etal. 1973). The results of a preliminary field trial in
1975-76 of the inbred CC strain C(5L)2,C(5R)1 of
L. cuprina suggested that this strain was poorly com-
petitive under field conditions (Whitten etal. 1977;
Foster 1980). In the present paper we report the results
of a field trial using CC strains constructed by pooling
a large number of independently isolated compound
fifth-chromosomes.

Materials and methods

L. cuprina mutations and marked CC strains

The names and symbols of mutations mentioned in this report
are as follows: black body (b*) on the X chromosome, black
puparium (bp} on chromosome 2, white eye (w) on chromo-
some 3, topaz cyes (o) on the left arm of chromosome 5, and
stubby bristles (shy) on the right arm of chromosome 5.

C(5L)3,t0 (Maddern 1981) is a compound left fifth-chro-
mosome, homozygous for t0.

C(5R)2,sby (Maddern 1981) and C(5R)5,sby are compound
right fifth-chromosomes, homozygous for sby.

Isolation of compound-fifth chromosomes and construction
and properties of release strains

The CC strains for release were composite wild-type strains
made by combining a number of strains carrying different
C(5L),+ and C(5R),+ chromosomes. The CCs were generated
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Table 1. A MR-line composition and number of independent Table 3. Mass rearing data and number of larvae released
compound chromosomes in each release strain
Date % Survival®*  Estimated Strain
Strain MR-lines used No. of CCs in each strain no. released  released
(1,000’s)
C(5L) C(5R)
Nov. 141979 100 1,300 C17
C17 1-7,10, 12, 14, 15 20 43 21 102 920 C17
C18 1,3-6,12-14,19,39 24 40 28 8.7 740 e
C20 41,44, 47 10 12 Dec. 5 6.6 1,050 C17
C21 2,8,42,45,48 20 25 12 6.6 1,070 C17
19 72 920 C17
B Relatedness of the different release strains 26 8.9 1,560 C17
Jan. 21980 9.1 1,056 C17
Strains No. of CCs exclusive to, 9 74 1,530 Cl18
or shared by different 16 10.2 1,100 C18
release strains 23 8.6 1,000 Cl8
30 5.1 460 C18
Left Right Feb. 6 6.8 600 CI8
13 8.2 1,100 CI8
Cl17 0 4 20 12.1 1,000 C18
Ci38 0 3 27 16.6 1,800 Cl18
€20 3 ? Mar. 5 153 2,100 C18
C2l 3 10 12 135 1,700 C18
Cl17,CI8 I 26 19 150 1,180 CI8
8; 8?13 Cal ; 1(3’ 26 16.5 1,660 C18+C20
Cl8. C21 I 0 Apr. 2 155 1,100 Cl18
’ 13.5 1,500 CI8
C18, €20, C21 3 0 o :
C20. C21 5 2 16 11.0 1,210 C20
’ 23 15.0 1,480 C21
C18, C21 2 1 ;
’ 30 14.6 1,900 C18
; Ma 7 10.7 1,000 C20
Total no. of independent CCs 36 68 y 14 15.7 2000 a1
21 152 2,800 C18
* Eggs to mature larvae
Table 2. Fertility of marked compound strains and MR lines s Y-RAYS
Line Total no. of* Rank C{5 L)3,to;C(5R)2,sb\_/E‘i_-/)]( WILD TYPE oo
_ mean (%) ** D N e
E Adult 4 ' '
£es uis i CBLIA*CIBRI2,sby X CIBLI3,t0;CIBRI2,sby X C(5L)3;t0;C{5R) +°
1 -
C(5L)3; C(5R)2 867 55 5.29° i boe Mo y
C(5L)3; C(5R)2 1893 172 6.46° : V' weosLasicerz Y
MR12 2,614 237 6.49° :
MR3 2,676 216 761° L ClBLI+";CIBRIZ, sy X C(5L)3,to;C:?g(;+B _ |
MR6 2,608 251 771% Mo pairs per cross
MR4 5,259 516 7732 \
MR 14 4290 440 8.85° c(5L+CC5RI®  x  C(SLI+A;C(BR)4®
MRI3 4,194 467 9.50°
MRS 4,255 557 11.29%>
MRI 2,581 404 15.81° A, D .
MR39 1549 406 2481 [ CoinC omys §  minimum 500 progeny
* Pooled results from egg batches laid by single females. Data combined 8 such
were excluded where a female produced less than 50 eggs or no lines as pupae
hatch
** Mean % survival after angular transformation of data from MASS-REARING (MR) LINES
single females. Rank was determined by Duncans multiple combined
range test (Steel and Torrie 1960) after analysis of variance on several MR lines
the percent egg to adult survival transformed on an angular
scale C-STRAIN
abe Strains not differing significantly at the 5% level have the Fig. 1. Outline of the procedure used to construct compound-

same letter chromosome strains for release



by irradiating immature spermatocytes (Maddern 1981) in a
series of wild strains collected in the Canberra region in
1978—79. Males were generally irradiated in the second or
third generation after colonization from the field. The proce-
dure used in isolating these CCs and combining them into the
release strains is outlined in Fig. 1. In all, 36 C(5L),+ and
68 C(5R),+ elements were used (most of them in several
mass-rearing (MR) lines/strains) in five different but related
combinations. The composition of each strain is summarized
in Table 1. Strains C17 and C18 were the most closely related
to one another, while strains C17 and C20 were the least
closely related.

Although from the viewpoint of minimizing inbreeding it
would have been preferable to cross flies carrying a newly
isolated C(5 L), + with flies carrying a newly isolated C(5R), +,
the low frequency of recovery of new putative CC isolates
made this approach impracticable. Putative C(5L),+ or
C(5R),+ elements were backcrossed to C(5L)3,t0; C(5R)2,sby
for 3—4 generations (sometimes more), firstly in order to verify
the presence of a new CC, and secondly to obtain sufficient
flies for further crosses. Fertility of this series of crosses was
the principal determinant of the number of generations of
backcrosses to C(5L)3; C(5R)2 before the newly isolated CC
was ultimately included in a release strain. Some rearrange-
ments were lost at this stage because of low fecundity. Because
of this procedure, the non-CC genetic background of the MR
lines that were combined to make the release strains was
similar to that in the marked strain C(5L)3; C(5R)2 (Fig. 1).
This strain in turn was related to the wild-type strain C(3L)2;
C(5R)I used by Whitten et al. (1977), but contained additional
genetic background, introduced by the induction of 20 new
CCs in laboratory strains. One indication of this relatedness
was the presence of substantial numbers (not actually counted)
in C(5L)3; C(5R)2 and the release strains, of individuals
exhibiting the chromosome 2 mutation bp, which was homozy-
gous in 13% of the flies in C(5L)2; C(5R)! (Whitten etal.
1977). Notwithstanding the similarity of genetic backgrounds,
significant increases in fecundity compared to C(5L)3; C(5R)2
were observed in some of the MR lines (Table 2).

Rearing and release details

Rearing procedures were similar to those described by Foster
et al. (1980a) for the translocation strain 723-1, except that the
larval diet consisted of ovine liver, meat meal, cotton linters
and water in the following proportions by weight: 10:20:1:20.
The total number of eggs laid was estimated by weighing,
assuming an average of 18,000 eggs/g (unpublished data). The
numbers of mature larvae produced were estimated from total
weights, using weighed and counted subsamples from each
larval harvest. Survival of the release strains from eggs to
mature larvae was calculated for each rearing using these
estimates (Table 3). Mature larvae were released aerially
(Foster et al. 1978) at weekly intervals starting November 14,
1979, and ending May 21, 1980 (Table 3). No releases were
made during 1980-81.

Release area

The release area was approximately 10 km? along the Good-
radigbee River valley south of Brindabella, N.S.W. (altitude
approximately 650 m), centered 39 km WSW of the Canberra
City Post Office (Fig. 2). This area consists of improved and
native pasture along the river flats and on nearby hills. The
area is surrounded by rugged terrain and dense forest. At the
time of the trial, the area contained approximately 1,200 sheep
mainly on three properties. The nearest other property with
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sheep was approximately 17 km NNW of the northern end of
the release area. No sheep were imported into the release area
during the trial.

Trapping details

L. cuprina were trapped using modified Western Australian
blowfly traps (Vogt and Havenstein 1974) baited with minced
sheep liver and sodium sulphide solution. Regular trappings in
the release area were made for two seasons (November
1979-April 1980, and October 1980-May 1981). Fresh baits
were used for each trapping until March 1980. From March 3
onward, old baits were used, as these permitted recovery of
more flies (Woodburn and Vogt 1982) for progeny testing.

Fig. 2. Map of the Brindabella Valley and surrounding region.
Numbers indicate trapsites
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Table 4. Egg hatch data from laboratory crosses and progeny tests of ficld inseminated females

Percent hatch (no. of egg masses in each hatch range)

1-4 5-10  11-20 21-30  31-40 41-50 51-60 61-80  81-90  91-100
A. Laboratory crosses
Compound X Compound* 1 2 2 6 7 7
e 5 13 17 26 3
¢ 15 21 47 45 31 6 1
Compound ¢XWildd * 13 9 1
Wild ¢ X Compound & * 10 7 16 3
Wild X Wild * 1 1 1 1 9 27
B. Progeny tests 1979-80
Compound X Compound 7 25 79 113 87 19
Presumptive hybrids 39 27 17 10 1 1
Incomplete tests? 7 12 27 29 17 2
Wild x Wild 2 i 1 11 20
C. Progeny tests Oct., Nov. 1980°
Compound X Compound 3 6 13 21 12 1
Presumptive hybrids 1
Incomplete tests 1 3 2 3
Wild x Wild 2 20

Combined data from three experiments (unpublished)

Pooled data from the MR lines used in C18 (Table 2)
See text

Genetic and fertility tests of trapped flies

Egg masses obtained from individual field-inseminated fe-
males were spread onto moistened coloured blotting paper,
incubated for 18 h at 25°C, and then hatched and unhatched
eggs were counted. If 50% or more of the eggs hatched, these
were assumed to represent wild ¢ X wild & (WX W) matings.
Egg hatch counts of known compound X compound (CxC)
matings nearly always yielded less than 50% hatch (Table 4A).
Larvae from each egg mass which gave less than 50%
hatch were reared in a single brood on sheep liver. Broods
which gave no hatch were disregarded. Broods in which at
least one egg hatched but which produced no adult offspring
were presumed to have resulted from hybrid (CXW and
WX C) matings. Typically, CeXW 3 and WX Cd matings
produce larvae trisomic for chromosome 5, which frequently
develop to the pupal stage before dying (Foster etal. 1976,
and unpublished data), plus triploids which survive to adutlt-
hood (Maddern 1981; Foster and Whitten, unpublished, and
see below). It is virtually certain that the other types of
aneuploid zygotes produced by hybrid matings (i.e. monosomic
for either the left or right or both arms of chromosome 5) are
incapable of hatching. Broods which yielded viable adult
offspring (G1 offspring) were progeny tested as follows.
Broods which produced one or more homozygous bp offspring
were noted. Male progeny of each brood (whether or not the
bp phenotype was present) were mated both to compound
C(5L)3,to; C(5R)5,sby and to chromosomally normal %/b%w/w
females and the phenotypes of the offspring of these crosses
(generally reared as a single culture) were recorded. If this test
produced at least one to shy* or to*sby offspring, the result was
scored as a CX C mating. If the test produced wild-type ¢ and
b* & offspring, the result was scored as a WX W mating. Those

Combined hatch data from Foster and Maddern (in preparation)

Includes eight in which hatch was visually estimated as > 80%, but in which eggs were not counted
Data from December onwards not usable because of toxic filter papers (see text)

tests which failed to produce any adult offspring, but in which
the presence of bp in the G1 had been noted, were also scored
as Cx C matings. Tests which produced no adult or bp pupal
offspring (i.e. “incomplete” tests) were treated as described in
“Results”.

Stage of ovarian development and mated status of
trapped females

During November—February of the first season of the trial a
portion of the females trapped was dissected for determination
of stage of ovarian development (Vogt et al. 1974) and mated
status.

Larvae from infested sheep

Larvae were obtained from infested sheep in the release area
on two occasions. Larvae collected in April 1980 were reared
on sheep liver in the laboratory to the late third-instar stage.
Cytological examination of their mitotic chromosomes in air
dried ganglion preparations (Bedo 1980) was then made.
Larvae collected in April 1981 were reared to adulthood in the
laboratory. Individual males were then test-mated to both
b*/b% w/wand C(5L)3,10; C(5R)5,sby females.

Results

The numbers of flies trapped during the 1979-80
season and data on population age-structure are listed
in Table 5. Initially, flies trapped in the release area
were few in number and comprised mainly mature



females. The large increase in fly numbers trapped on
December 3 coincided with a dramatic shift towards a
younger age structure. The numbers of flies trapped
declined from mid-December 1979 to the end of
February 1980, despite sustained releases of large num-
bers of larvae (Table 3), but increased again during
March and April.

The results of progeny tests of inseminated females
trapped during the 1979-80 season are presented in
Table 6. No progeny tests were conducted on flies
trapped prior to December 3, 1979. From then onwards,
CxXC matings were detected in all but one of the
trappings made during the 1979-80 season. For the
first three weeks of December, a majority of those
progeny tests which produced viable offspring (i.e. non-
hybrids) proved to represent C X C matings, with only a
few WXW matings. For the next three weeks the
WXW matings were more numerous than CXC
matings. After mid-January, however, very few WXW
matings were detected. Only 2 WXW compared to

Table 5. Trap catch and population age-structure data
1979-80

Date Stage of ovarian development
(No. of flies)

Number trapped Nulliparous Parous
29 43 0 1 2 345 1-5
1979
Nov, 5 15 6 - - - - - -
19° 30 6 0 0 1 0 o6 12
26° 14 0 0 2 1 4
Dec. 3 474 198 1 12 18 7 3 9
10 633 365 2 10 10 10 8 10
20 281 92 2 4 3 23 13
31+ 150 532 9 7 1 3 10
1980
Jan. 10 60 33 1 1 60 9 5
17 73 7B - - - - -
24 52 46 - - - - -
Feb. 6 124 67 1 9 6 2 3 1
13 58 36 -~ - - - - -
20 61 20 12 3 1 2 1
25 2 2 - - - - - -
Mar. 3 94 9 - - - - - -
200 241 248 - - - - -
26 412 20 - - - - - -

Apr. 2 530 228 - - - - - -
10 339 8 - - - - - -
6" >19 >18 ~ - - - - -
22 284 89 - - - - - -

* 10 traps only; otherwise 11 traps were used

® Not all flies trapped on April 16 were counted; flies were
trapped April 30 and May 15-16, but were counted (see
Table 6 for progeny-test results)
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200 Cx C matings were detected in the last two months
of the season. Presumptive hybrid matings represented
a substantial portion of the total until the end of
February, when their frequency declined markedly.

Also listed in Table 6 are the incomplete tests, i.e.
those in which the trapped females produced viable
adult offspring which themselves failed to produce off-
spring when mated to % w and C(5L)3; C(5R)S5. Fail-
ure of these crosses to produce offSpring was probably
due to one of several causes, including failure to mate,
sterility unrelated to the karyotypic status of the cross,
or sterility of triploids produced by hybrid matings.
These tests may be apportioned as outlined below.

In a series of crosses conducted with strains recolo-
nized during the trial, 19 of 54 fertile (at least one larva
hatched) egg masses from compound ¢ X wild 8 matings
produced adult offspring (brood size range 1-31),
nearly all of which were triploid males. In reciprocal
crosses, one of 51 fertile cultures produced a single
adult male (Mahon and Foster, unpublished). Triploid
males produce no viable adult offspring when mated to
either wild-type or compound females (unpublished
data). The egg hatch distribution of the incomplete tests
(Table 4B) suggests that most represented CxC
matings. However, a 2X6 contingency table test be-
tween the egg-hatch distributions of the CXC and
incomplete tests indicates significant heterogeneity (X7s)
=13.83, P <0.05), suggesting that a portion probably
involved triploid offspring of hybrid matings. Empirical
analysis of the egg hatch data for the completed tests
(Table 4B) suggests a means of apportioning the in-
complete tests, although such tests cannot fairly be used
in statistical analysis. Of the 46 completed tests with
1-4% egg hatch, 39 (85%) were scored as hybrids and
the rest as CxX C matings, while of the 382 tests with
5-50% hatch, 323 were scored as CXC, 3 as WXW,
(total 85%) and the rest as hybrids. If these findings are
applied to the egg hatch data for the 94 incomplete
tests, it can be estimated that 19 were probably hybrid
matings, 74 CXC,and | WX W.

Analysis of the monthly progeny-test totals (Ta-
ble 6) revealed a significant deficit of hybrid matings
during December, but not from January onward. This
was true whether the incomplete progeny tests were
ignored, or were all assumed to represent CXC
matings.

On April 21, 1980, 15 and 4 larvae respectively were
sampled from two infested animals discovered in a
flock of approximately 150 sheep. Examination of the
chromosomes revealed that all 19 larvae taken were
compound-chromosome bearing individuals.

The numbers of flies trapped during the 1980-81
season and the results of progeny tests of inseminated
females, are listed in Table 7. The progeny-test results
suggest that the majority of inseminated females trapped
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Table 6. Progeny tests of trapped inseminated females, 1979-80

Trapping No. Proportion of each mating type Observed and expected® monthly totals Xty OBS
date of (no. of tests) v EXP
tests
Wild  Compound Incom- Hybrids Wild Compound Incom- Hy- Com- Al
X X plete X X plete  brids pleted  test®
Wild  Compound tests® Wwild Compound tests”
Dec. 3,1979 49 010 043 0.16 031 (OBS) 21(22)* 73 (93) 25 37 (41)
10 45 009 051 020 020 14.18*** 2303 ***
20 42 007 057 012 024 (EXP) 11.9 63.8 - 55.0
31 20 045 025 015 015
Jan 10,1980 25 0.16 024 0.04 056 (OBS) 6(6) 20(24) 5 20 (21)
17 9 02 0.1 0.4 0.2 0.08 042
23 6 O 0.8 0 0.2 (EXP) 5.5 19.6 - 20.8
31 110 0.7 0 0.3
Feb. 6 28 014 032 0.11 043 (OBS) 5(5) 22(32) 15 19 (24)
13 1s 007 047 027 020 0.01 1.17
20 17 0 0.35 047  0.18 (EXP) 4.6 216 - 19.9
25 1 0 0 0 1
Mar. 3 18 011 078 006 006 (OBS) 2(2) 6981 15 47
20 25 0 0.60 032 008 1.81 1.87
26 4 0 0.85 013 0.02 (EXP) 0.2 67.3 - 7.5
Apr. 2 43 0 0.81 019 0
10 350 0.74 020 006 (OBS) 2(2) 146(174) 34 14 (20)
15 33 0 0.71 0.16  0.13 0.53 0.65
22 39 003 067 021  0.10 (EXP) 0.5 1444 - 16.8
30 30 003 077 0.13  0.07
May 15, 16 12 0 0.75 008  0.17
* See text

® Ignoring incomplete tests, expected totals were calculated as follows: WX W=(pW)?, CxXC=(pC)’>, HYB=2 (pW.pC), where
pW = proportion (Wild X Wild + 1/2 hybrid matings), pC = proportion (Compound X Compound + 1/2 hybrid matings)

¢ Assuming all incomplete tests are CX C, and re-calculating expected totals as above

¢ Figures in parentheses give total derived by apportioning incomplete tests as described in text

**+*+ P <0.001

during the first two weeks of the 198081 season, were
CC females mated by CC males. This proportion
declined during the next two weeks, and only 2 CXC
matings compared to 30 WX W matings were detected
in the November 25-December 16 period. More CX C
matings were detected during January, but from Janu-
ary 29 onward no CXC matings were detected (com-
pared to 54 WXW). In contrast to the data from
January to May of the previous season, a significant
deficit in the frequency of hybrid matings was evident
for October and November, and January 13-21, when
both WX W and CX C mating types were detected (X%,
=11.06, 32.16 and 11.80, respectively; P <0.001 in
each case). The distribution of egg hatches in the in-
complete tests during October and November (Ta-
ble 4 C) suggests that these were not hybrids. The pre-
sumptive hybrid mating detected in the April 21-22
trapping may have been an artefact caused by the use,
starting in December 1980, of black filter papers (Schlei-
cher and Schuell No. 551) for egg hatch counts. These
were later found to be toxic to both eggs and larvae.

In April 1981 larvae were obtained from infested
sheep on the same property as a year earlier. Sevently
L. cuprina males reared from these larvae were in-
dividually progeny-tested. All proved to be wild males.

Discussion

The large increase in trap catch, coupled with the
reduction in the average age of the population observed
December 3, 1979, almost certainly reflected the emer-
gence of the first flies released as larvae on Novem-
ber 14. The data on age and mated status (Table 5)
indicate that released CC females were able to obtain
the protein meal necessary to proceed beyond ovarian
stage 1 (Vogt et al. 1974) and become inseminated. The
recovery of CC larvae from sheep indicates that at least
some CC females were capable of locating suitable
oviposition sites in the field, and that the larvae were
capable of development on sheep.

The progressive decline in fly numbers observed
from mid-December until the end of February 1980,
presumably resulted mainly from decreased survival in



Table 7. Trap-catch and female progeny-test data 198081
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Trapping No. trapped No.of  Proportion of each mating type
date _— tests
¢ 44 Wild Compound  Incomplete  Hybrids
X X tests
Wwild Compound
Oct. 22, 1980 21 5 9 0 1.0 0 0
27 35 4 14 0.07 0.79 0.14 0
28-30 45 17 26 0.15 0.69 0.15 0
Nov. 3 37 18 8 0 0.8 0.1 0.1
11 14 1 7 0.6 0.3 0.1 0
18 23 0 13 0.3 0.7 0 0
25 14 2 11 0.8 0.1 0.1 0
Dec. 11 19 4 8 1.0 0 0 0
16 40 29 16 0.81 0.06 0.13 0
Jan. 13,1981* 20 0 12 0.8 0.2 0 0
21° 68 42 13 0.6 0.3 0.1 0
292 29 4 26 0.85 0 0.15 0
Feb. 17 1 0 0 - - - -
26 0 2 0 - - -~ -
Mar. 5 2 1 0 - - - -
Apr. 8 8 3 7 1.0 0 0 0
14-15 18 5 7 1.0 0 0 0
21-22 29 5 19 0.95 0 0 0.05
Apr. 28—May 1 0 0 0 - - - -

¢ 10 traps only
® 8 traps only
¢ See text

the soil of the immature stages of both released and
field-reared insects, due to warm summer soil tem-
peratures (Wardhaugh et al. 1983; Dallwitz 1984). The
increase in the number of flies trapped during March
and April 1980 probably reflected a combination of the
following: increased survival of the released larvae due
to cooler soil temperatures, increased attractiveness of
the traps due to the use of older baits (Woodburn and
Vogt 1982), and an increase in the average weekly
number of larvae released during March.

Both the size of the increase in trap catch on
December 3, 1979 and the results of the progeny tests
(Table 6), indicate that the flies resulting from released
larvae greatly outnumbered those in the native popula-
tion. The sizeable proportion of presumptive hybrid
matings suggests that matings in the field between CC
and wild flies were common. Because the released
insects were not marked and cytological or other means
of identifying females are not available, differentiation
between the direction of matings, either CXW or
WX C, of presumptive hybrid matings, is not possible.
However, extensive data on segregation of compound
chromosome arms in both male and female L. cuprina
(Maddern and Foster, in preparation) suggest that
C ¢ XW 3 matings should frequently yield higher hatch
rates as compared with the reciprocal cross. Sample

data from laboratory CXW and WX C crosses (Ta-
ble 4 A) support this. More than half of the presumptive
hybrid matings had egg hatch values greater than 5%
(Table 4B), suggesting that at least half represented
WeoXC 4 matings. This, plus the progeny test data in
Table 6, suggest that more than half of the wild females
in the release area were mated by CC males during the
first season of the trial.

Although WX W matings were detected only occa-
sionally during the latter part of the 1979-80 season,
the incidence of presumptive hybrid matings, plus the
total trap catches, suggest the presence, at levels similar
to those existing before December 3, of wild L. cuprina
in the release area throughout this period. Thus despite
the high CC: wild ratios suggested by the data, the wild
population apparently was able to persist. This could
reflect poor competitiveness of released males, or
possibly immigration of wild flies. McKenzie (1976)
found that immigration of wild Drosophila melanogaster
was the main reason for the failure of a CC strain of
this species to survive in a vineyard cellar, and he has
shown (1977) that immigration rates as low as 0.5%
inseminated females per generation can eliminate a CC
population. Because of the relative isolation of the
release area from other grazing areas, immigration
seems unlikely to be the cause of elimination of the
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Table 8. Distribution of progeny-test results by trap, October 1980

Date* Trap no.
1 2 3 4 5 6 7 8 9 10 11
¢ccWw C W CwW C W C W CWwW C W C W C W C W C W
30 Oct. 3.0 1 0 0 2 0 6 1 0 1 0 2 I 0
3 Nov. 1 0 2 0 1 0 2.0
11 Nov. 0o 1 0 2 10 1 0 0 1
18 Nov. 6o 1 5 0 o0 1 2 2 1 0 1 0
Totals o1 o 2 5 1 7 0 11 & 2 4 0 8 1 0 2 0 2 2 0

* Trap number not recorded for flies trapped 22, 27 October
* C=CxC mating; W=W X W mating

L. cuprina CC strain in the present trial. It cannot be
discounted entirely, however, since in separate studies
Wardhaugh etal. (1983) detected marked L. cuprina
17km downstream along a water course from the
release point, and T. L. Woodburn (unpublished) has
established that L. cuprina can occur in large forested
tracts of rugged terrain.

The recovery of Cx C matings during the 198081
season (Table 7) demonstrates the ability of the CC
strain to overwinter in the field. Although the evidence
of breeding of CC larvae on sheep in April 1980, sug-
gests that some field-reared larvae could have over-
wintered, the vast majority of the CXC matings de-
tected in October—November probably represented
flies developed from the 12 million larvae released
during April and May (Table 3). Daliwitz and Ward-
haugh (1984) have shown that in the Canberra region,
virtually all larvae entering the soil after the beginning
of April, do not emerge until the following spring (i.e.
late October—early November). The recovery of CXC
matings as late as January 1981 suggests very strongly
that the CC flies bred successfully in the field for at
least one generation following the cessation of releases.
Meteorological data (unpublished), coupled with data
on developmental rates (Woodburn etal. 1978; Dall-
witz 1984) suggest that at least one and at most two
complete generations of breeding could have occurred
at Brindabella between late October 1980 and mid-
January 1981. However, the data from trapped flies and
from larvae collected during April suggest strongly that
the CC strain did not survive in the field after January
1981.

The data suggest that the deficit of hybrid matings
observed during the first month of the trial (Table 6)
was probably due to both a lag effect and an unusually
low & :¢ ratio in the wild population. Firstly, the age-
distribution of the wild population present in late
November (Table 5) suggests that at least 90% of the

wild females present when the CC flies first appeared,
would have already been inseminated by wild males
(L. Barton Browne, unpublished). Secondly, no males
compared to 59 females were trapped during Novem-
ber, in contrast to the usual sex ratio of 1:2-3 in traps
(e.g. Gilmour et al. 1946; Foster et al. 1978; Smith et al.
1981). Thus relatively few of the wild females would
have been available for mating by CC males, and there
were very few wild males to mate with the available CC
females. The data for the rest of the first season (Ta-
ble 6) contain no suggestion of assortative mating be-
tween the CC and wild strains.

Unlike the 1979-80 season, very few presumptive
hybrid matings were detected during the 1980-81
season. Although there are insufficient data for statis-
tical analysis of the causes, there is some suggestion
that this apparent assortative mating may have been
due to separation of the two strains in both time and
space. The data in Table 7 suggest that CC flies were
present somewhat earlier than the wild flies during
October. Moreover, during the period early in the
season when both WXW and CXC matings were
detected, the two sorts of matings tended to be recov-
ered from different traps (Table 8), suggesting that early
in the season spatial separation may also have reduced
inter-strain matings.

The deficiency of hybrid matings in the second
season suggests that the failure of the CC strain to
persist may have reflected lower fitness of the CC
strain, rather than displacement by the wild strain
through the mechanism of negative heterosis (which
would have required more than the observed level of
mating between the two strains). Conversely, the wild
strain may have escaped elimination through this
mechanism, merely by fortuitous temporal and spatial
isolation from the CC strain, since the CC strain ap-
parently was present initially during 1980-81 in suffi-
cient numbers to approach, if not exceed, the theoretical



unstable equilibrium frequency (probably 80-90%),
above which the CC strain should have replaced the
wild strain. Observations made during mass rearing of
the CC strain tended to corroborate the idea that this
strain was less fit then non-CC strains. For example,
females required 12—24 h more after eclosion to become
gravid than translocation or wild-type strains. The
likelihood that low fitness in CC strains can be at-
tributed mainly to two types of inbreeding, has been
discussed previously (Foster 1982).

Although the final result was the survival of the
wild population and the disappearance of the CC
strain, the demonstrated ability of released CC larvae
to complete development, reproduce and overwinter in
the field must be regarded as encouraging results in
terms of the development of this genetic control strategy
for L. cuprina.

New CC strains have been established by pooling
offspring of trapped females which proved to represent
CXC matings. These strains, which had in effect been
selected for the ability to survive and mate (and in one
case to overwinter) in the field, have recently been
assessed in a further series of field and laboratory
studies, the results of which will be reported elsewhere.
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