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INTRODUCTION
The blowfly Lucilia cuprina is the most important myiasis pest of sheep in Australia(3). Other

species are associated with sheep myiasis, but L. cuprina is probably responsible for initiating more
than 90% of infestations. Annual costs of production losses, prevention and treatment have been
estimated at $149 millions in 1985(1). Prevention and treatment encompass both insecticidal
applications to sheep and non-chemical management practices. In the absence of effective preventive
measures, the sheep industry would be non-viable over much of Australia.

Insecticide usage againstL. cuprina has been marked by the appearance of widespread resistance
to cyclodienes in 1956, the organophosphates in 1965, and carbamates in 1966(12). Resistance has
not yet been reported against the triazine compounds introduced for blowfly control in 1981.

The most effective non-chemical control measures are surgical (removal of skin from the breech
in certain breeds of sheep, and tail-docking). They protect sheep by reducing favourable oviposition
sites (dung and urine-stained wool).

The spectre of insecticide resistance and the early success of the sterile insect technique (SIT)
against screwworm fly in the U.S.A., led this Division to consider SIT and other autocidal methods
in the 1960s. The L. cuprina genetics research program was established in 1966 and subsequently
expanded in 1971. More recently, lobbying by animal welfare groups against surgical blowfly control
practices, as well as increasing consumer awareness of insecticide residues in animal products, have
accelerated the search for alternatives to chemical control.

When SIT was first considered for L. cuprina control in 1960, little was known about the
population dynamics of L. cuprina. There were insufficient ecological data to evaluate the prospects
of alternative strategies such as suppression or containment The number of flies which would have
to be released in a SIT program was unknown, as were the costs. Assuming that the cost of SIT against
L. cuprina in Australia would be similar to that reported for screwworm in Florida, the costs of a
SIT campaign were estimated to be several times the potential annual benefits(17).

The discovery of meiotic drive (MD) in Drosophila rekindled interest in autocidal control and
triggered establishment of the L. cuprina genetics research program in 1966. Subsequent research
failed to detect MD systems suitable for genetic control, but by 1970 it was recognised that strains
carrying chromosome rearrangements might be more cost-effective than SIT(6,18). This led in 1971
to expansion of the genetics and strain development program, and establishment of an ecological
research program (quantification of population dynamics)(21). Both programs have been enormously
successful. Not only have they enabled the development and successful field testing of a genetic
method of suppressing sheep blowfly populations, but they have increased our knowledge of this
pest to the stage where a simulation model of genetic control (GENCON), which incorporates both
genetic and ecological data, is a valuable tool in strain design, selection of control strategies, and
evaluation of field trial data.

Comparison using computer simulations, of SIT with female-killing (FK) systems based on sex-
linked translocations, suggests that with a suppression and containment strategy, the latter would
provide greater benefits for less cost than SIT(5). Moreover, our projections indicate that large-scale
genetic control would be less costly and more effective than the current system based on insecticides
and other control practices.

ECOLOGICAL OVERVIEW OF THE SHEEP BLOWFLY PROBLEM
L. cuprina probably breed for 6 to 10 generations per year in various parts of their range(14),

and overwinter in the soil as mature larvae in cooler areas(2,3). Although L. cuprina are capable of
moving distances in the order of 20 km during their life span, they are normally much less
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mobile(8,11,13). They are probably not capable of natural migration across large bodies of water
such as Bass Strait.

There is a complex interaction between weather, fly density, myiasis incidence and the response
of farmers to rates of infestation(3). The latter are related both to fly density and to sheep
susceptibility, which are in turn influenced by weather conditions(16). Mild wet weather both
increases the availability of favourable oviposition sites and keeps soil temperatures cool enough to
permit larval and pupal survival, both of which tend to cause higher fly densities. Hot dry weather
reduces the number of oviposition sites and leads to lethal soil temperatures, resulting in lower
densities.

Increasing rates of infestation of sheep cause increasing proportions of fanners to treat sheep
with insecticides. This reduces survival of larvae and pupae, and leads to lower fly densities the next
generation than would be the case without the treatments. The net effect of this is to create a form
of density-dependent population regulation, i.e. an inverse relationship between fly population
density and the rate of population increase(3).

STRAINS WITH POTENTIAL FOR GENETIC CONTROL
Of the types of chromosome changes considered for genetic control (homozygous

translocations(18), compound autosomes(7), and sex-linked translocations( 19,20)), sex-linked (Y-
autosome) translocations have shown the most promise.

The results of several field trials indicate that female-killing (FK) systems constructed from sex-
linked translocations and deleterious genes such as eye colour mutations, are sufficiently effective
in the field to justify evaluation of their commercial potential. This type of strain causes genetic death
partly from semisterility caused by the chromosome rearrangement, and partly from death due to
homozygosis of the mutations, mainly in the female descendants of the released males(4,19,20).
Genetic death from semisterility and homozygosis persists for many generations after cessation of
releases, giving this control system a considerable advantage over SIT, in which suppression ceases
when releases stop(5,9).

FIELD TRIALS
Two recent field trials have demonstrated the technical feasibility of the FK system of

suppressing L. cuprina populations. A third larger trial, involving releases on the Fumeaux Is group
in Bass Strait, is scheduled to begin in October 1989.

The first of the recent trials was conducted in the southern Shoalhaven River valley of N.S.W.
(240 km2) during the 1984-85 season(lO). A pre-release study had established that population trends
in the release area and two nearby non-release areas were similar over the three years of the study( 15).
Weekly releases of 400 males/km2 achieved a 9:1 average released:wild male ratio, which resulted
in a genetic death rate of 50% per generation. Populations in the release area remained at or below
springtime levels for the entire season, whereas peak-season populations were 24-fold and 31-fold
higher than springtime levels in the two non-release areas.

Using GENCON as a predictive and analytical tool, ecological data from the non-release areas
was combined with genetic data on matings by released males, to give predictions of the rates of
genetic death and population suppression. This simulation predicted that genetic death levels should
have averaged 90% and the population should have been suppressed to a level 20-fold lower than
that observed. Thus, while the results of the Shoalhaven trial were highly encouraging, the rates of
genetic death and degree of population suppression fell somewhat short of expected levels. Further
simulations suggested that the differences between observed and expected genetic death and
population levels, could be minimized by simulating immigration of wild flies into the release area.
On average, 12% of the females in the release area were estimated to be mated immigrants.

The Shoalhaven trial findings suggested that suppression in the trial area was limited mainly
by immigration. To test this finding, a trial was conducted on Flinders Is, 40 km2 in area and 27 km
off the coast of the Eyre Peninsula in South Australia, i.e. effectively in the absence of a source of
natural immigrants(9). This island was run as a single sheep grazing property, and carried 6,000
merino sheep. As insecticides were not used on sheep on this property, very large L. cuprina
populations were present.
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Weekly releases of 34,000 males/km2 on Flinders Is in 1985-86 resulted in a peak genetic death
rate of 87% after six months, and a decline of the population from a peak of 345 females/ha in October
1985 to less than 1 female/ha (i.e. undetectable by trapping) in May 1986 (eight months), at which
time releases were discontinued. Both the genetic death and population suppression results were in
line with the theoretical predictions in the absence of immigration. The maximum genetic death rate
observed was close to the maximum 94% possible with this strain.

Fly populations and (where trapped flies were available for testing) genetic death rates on
Flinders Is, were monitored for a year following cessation of releases. The population remained
undetectable until October 1986, and recovered very slowly because of the continuing genetic death
from translocation semisterility and homozygosis of mutations. It did not exceed 4 females/ha until
March 1987.

The next field trial, in the Fumeaux Is group (1992 km2 in Bass Strait, is planned as a joint
exercise with the Tasmanian Department of Agriculture. A pre-release ecological and economic
survey begun in 1987-88 has been intensified in 1988-89. Releases are scheduled to begin in
September 1989. The target is to complete eradication from these islands within two years. The trial
will be monitored using ecological, genetic and economic criteria. Associated rearing, transport and
release costs will be evaluated with respect to the economic feasibility of expanding the technique
to larger land areas such as Tasmania and the mainland of Australia.

TECHNICAL STATUS OF AUTOCIDAL CONTROL METHODS FOR LUCIUA CUPRINA
Because of the similarity of the life cycle of sheep blowflies and screw worm flies, some of

the rearing and release methods used in the American screw worm program have proved to be
adaptable to L. cuprina. However, it would seem preferable in Australian conditions to invest capital
in one or more high-technology rearing plants and employ a relatively small number of skilled
workers, than to install a labour-intensive rearing methodology as was done in the screw worm
rearing plants in Texas and Mexico. This would result in savings in rearing costs, greater immunity
from human error/industrial disputation, and reduction of workers' compensation liability for both
physical injury and debilitating occupational diseases such as respiratory allergy to blowflies.

Systems for handling bulk materials and automation of the entire mass-rearing and packaging
processes are currently being developed. Much of this can probably be accomplished by use of
machinery such as that presently used in the food processing and grain-handling industries.

Larvae are reared on a diet comprising meat and bone meal, cotton timers and water, costing
approximately SA50 per million larvae produced. Flies are reared to maturity and chilled for transport
and release once adults have hardened their wings. Release of chilled adult flies from aircraft is likely
to be the preferred release method over most of Australia.

Sex-linked translocations can be used to couple lethal mutations to sex, and thus have
considerable potential for the elimination of unwanted female flies, with large savings in rearing and
release costs. The system used to harvest newly emerged adult flies for chilled adult release has the
potential to eliminate the majority of females as adult flies, from the current FK strains prior to
release. This sex separation depends mainly on behavioural differences between mutant females and
wild-type males. Development of early-acting female killing systems based on temperature-sensitive
egg-stage lethal mutations, is currently a top priority.

IMPLEMENTATION - UPTAKE BY GOVERNMENT/PRIVATE SECTOR
Because of the mobility of L. cuprina, the choice of whether to employ autocidal control

methods cannot be left to individual graziers except perhaps in isolated areas. Regional control
programs involving large areas are the only conceivable means of effectively using such methods.

The question of uptake by the government versus private sector raises several questions, among
them: (i) the relative efficiency of private enterprise vs government agencies; (ii) what private
enterprise would have both resources of sufficient magnitude to undertake such a massive task and
the willingness to risk them in such a venture; (iii) if private enterprise were to run an autocidal
control program, who would assess performance and how would payment for results achieved be
made.
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These questions are especially relevant where state borders are involved, as in southeastern
mainland Australia. Possibly state and federal legislation will be required, to establish authority for
funding and quarantine procedures.
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