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Summary
The quality parameters of Queensland 
fruit fl ies produced at the Camden ster-
ile fruit fl y production facility during 
the 1998/99 season were examined. Pro-
duction with an average pupal weight 
of 11.0 mg was not positively related to 
egg hatch percentage and emergence pa-
rameters, contrary to results in the previ-
ous year. Heavier pupae were linked to 
lower fl ight ability of irradiated but not 
non irradiated fl ies. It is proposed that 
the ‘bigger is better’ principle probably 
plateaus below the 11 mg weight but was 
still apparent in last year’s results with 
an average pupal weight of 9.2 mg. The 
week of production had a signifi cant ef-
fect on pupal emergence, fl ight ability 
and egg hatch percent but not on pupal 
weight.

Introduction
In recent years, the Sterile Insect Technique 
(SIT) has been used in New South Wales 
(NSW), Australia, to suppress or eradicate 
Queensland fruit fl y (QFF), Bactrocera try-
oni (Froggatt). SIT relies on large numbers 
of sterile fruit fl ies being released into an 
area where wild fl ies exist and that matings 
between wild and sterile fl ies will produce 
no viable offspring. However sterile fl ies 
must be able to survive the rigours of ir-
radiation, transport and rearing in release 
facilities, and then must be able to survive 
in the fi eld, fl y to and participate in mating. 
SIT has many advantages compared with 
the traditional chemical control programs; 
the release of sterile fruit fl ies does not add 
pesticides into the environment and does 
not require permission to enter private 
property. 

Mass production for early NSW sterile 
release programs (Horwood and Keenan 
1994, James 1992, Dominiak et al. 1998)) 
was conducted in facilities not designed for 
large scale production. The fruit fl y mass 
rearing facility was built at the Elizabeth 
MacArthur Agricultural Institute (EMAI) 
at Camden, Sydney, and became operation-
al in late 1996. By 1998/1999, sterile pu-
pae were supplied to control programs at 
Wagga Wagga, Junee and Lake Cargelligo 
(Dominiak et al. 2003a), Sydney (Dominiak 
et al. 2003b) and for research (Meats et al. 
2003).

Quality of released sterile QFF is a key 
component to the success of an eradication 
or suppression program. FAO/IAEA/
USDA (2003) reported that most research-
ers comment that generally, larger fl ies 
would be stronger fl iers, live longer, and 
have more mating success than smaller 
fl ies. Many papers discuss fi eld results as-
sociated with one or two parameters how-
ever there are very few published reports 
on quality assurance tests performed in 
the production facilities themselves. Do-
miniak et al. (2002) reported on quality pa-
rameters of the fi rst full year of production 
at the EMAI facility. 

Following the experiences during the 
fi rst full year’s production, several op-
erational procedures were changed in 
1998/99. Only 23 of the 29 media trays in 
larval growth towers were used (three top 
and three bottom trays were not used), re-
sulting in more stable temperatures inside 
the towers. The watering regime of towers 
was also increased to minimize the sticky 
nature of the larval mix and to reduce 
overheating. The net weight of trays and 
larvae/media was limited to 2.5 kg per 

tray to further avoid potential overheat-
ing during larval maturation. Also large 
humidity fl uctuations in the pupal matu-
ration room, experienced in the previous 
year, were overcome (Terras et al. 1999). 
This paper reviews the quality parameters 
for this year following the changes, and 
compares results with the previous year. 

Materials and methods
Quality parameters 
The review period covers 28 weeks of pro-
duction from 27 October 1998 to 11 May 
1999 with an average weekly production 
of 50.4 kg (range 17.1 to 78.9 kg). The pa-
rameters for per cent egg hatch, pupal 
weight (mg), emergence (percentage) from 
pupal cases, fertility of irradiated fl ies, 
fl ight ability and fl ight ability index were 
monitored in the facility’s quality control 
laboratory at 25°C (±1°C) and relative hu-
midity of 65% (±5%). All data were linked 
to the weekly production batches.

Average weight for non irradiated pu-
pae was assessed from outgoing samples 
each week by weighing three sub-samples 
of 100 pupae. Irradiated pupae (returned 
after irradiation at the Lucas Heights fa-
cility) were similarly assessed to compare 
with non-irradiated pupae. Emergence of 
both irradiated and non irradiated pupae 
was assessed by taking three sub-sam-
ples, each of 100 pupae from irradiated 
and non-irradiated weekly consignments. 
Pupae were placed into plastic Petri dishes 
and allowed to emerge. No food or wa-
ter was provided for fl ies and emergence 
counts (fully emerged) were assessed after 
all fl ies had died. Percent emergence was 
calculated by dividing the number of fully 
emerged fl ies by the total number of pu-
pae in the sample.

Flight ability was assessed using two 
replicates of 100 pupae for both irradi-
ated and non-irradiated pupae. The pu-
pae were placed in specially prepared 
‘fl ight ability’ towers in which the walls 
are lightly coated with powder to prevent 
adult fl ies walking out of the towers. Tow-
ers are held inside netting cages. Food and 
water are placed in the further most point 
from the tower to encourage fl ies to fl y 
out of the tower and to stay away from 
the tower. Once emergence had fi nished, 
the emerged pupae and fl ies inside and 
outside the tower are counted. The fl ight 
ability (as a percentage) was calculated by 
dividing the number of fl ies which fl ew 
out of the tower by the total number of 
emerged fl ies. ‘Flight ability index’ was 
calculated by dividing the percentage ster-
ile fl iers by the percentage fertile fl iers and 
is a measure of the possible adverse effects 
of irradiation. 

Assessments were conducted on per 
cent egg hatch using the following meth-
od. Mature females in the facility’s adult 
colony laid eggs into egg cups and these 
were collected in water. Eggs from all 
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cages were pooled for each day and an es-
timate of per cent egg hatch was obtained 
from the pooled sample. Three samples of 
100 eggs were taken and placed on damp 
fi lter paper. Egg hatch was scored on day 
four. The per cent egg hatch was calculat-
ed by dividing the number of successfully 
hatched eggs by the total number of eggs 
in the sample. 

As an assessment of the success of ir-
radiation of the gonads, irradiated (sterile) 
male fl ies were allowed to mate with non 
irradiated females from the facility colo-
ny. The hatch of the resultant eggs from 
the sterile/fertile mating was assessed 
as above to ensure irradiated males were 
sterile. 

Statistical analysis
Regression analysis was used to relate the 
parameters of egg hatch, adult emergence, 
adult fl ight ability to pupal weight. The 
difference between irradiated group and 
non irradiated group (types of fl ies) and 
the relationship of quality parameters 
with time (week of production) were ex-
amined using the following spline model 
(Verbyla et al. 1999) 
 Response = fl y types + linear (week) + 

spline (week) + error
where the italicized terms are assumed to 
have random effects and the error follows 
a normal distribution. Fly types relate to 
sterile (or irradiated) and fertile (non-ir-
radiated) fl ies.

Results
There was a signifi cant relationship be-
tween pupal weights and fl ight ability of 
only irradiated fl ies but not between pupal 
weights and adult emergence or egg hatch 
(Table 1). There was a signifi cant relation-
ship of adult emergence, fl ight ability and 
egg hatch (P <0.01) to fl y types (irradiated 
and non irradiated) (Table 2) and a similar 
relationship between these factors with 
week of production (Table 2). There was 
no signifi cant interaction between fl y types 
and week of production for emergence per 
cent, fl ight ability or pupal weight. 

Pupal weight
There was no significant difference (P 
>0.05) in the average weight for non ir-
radiated pupae (11.01 mg – range 10.0 to 
12.3 mg) and irradiated pupae (11.09 mg 
– range 10.0 to 12.0 mg). Pupal weight 
was not affected by week of production (P 
>0.05) (Table 2). 

Egg hatch
Egg hatch was not affected by pupal 
weight (Table 1). There was a highly signif-
icant (P <0.01) difference (Table 2) in egg 
hatch percentage between irradiated and 
non irradiated types. The facility colony 
egg hatch was affected by week of pro-
duction (Table 2). The average egg hatch 
was below 73% in seven of eight weeks in 

January and February while the average 
egg hatch was higher than 74% in 11 of the 
12 weeks in November, April and May. 

Emergence 
This parameter was not affected by pupal 
weight (Table 1). Percentage emergence 
was signifi cantly reduced (P <0.01) by irra-
diation from 88.76% (range 80.0 to 97.0%) 
for non-irradiated pupae to 85.82% (range 
77.7 to 93.0%) after irradiation (Table 2). 
Percentage emergence for both types var-
ied throughout the production period (Ta-
ble 2) with model predicting that fertile 
fl ies would exhibit the lowest emergence 
in late February.

Flight ability and fl ight ability index
Flight ability of irradiated fl ies was sig-
nifi cantly (P <0.05) inversely correlated to 
pupal weight (Table 1) but fl ight ability of 
non irradiated fl ies was not related to pu-
pal weight. There were signifi cant differ-
ences (P <0.01) in fl ight ability for non irra-
diated (93.71% – range 86.7% to 100%) and 
irradiated adults (90.71% – range 74.3% to 
96.4%) (Table 2). Flight ability was affected 
by week of production (Table 2) with most 
weeks after early March being below av-
erage for both irradiated and non irradi-
ated types. The fl ight ability index (ratio 
of percent fl ight ability for sterile fl ies to 
that of the fertile type) was 96.12 (range 
82.6 to 101.75). 

Discussion
Pupal weight
Dominiak et al. (2002) reported that irradia-
tion resulted in a slightly lower but not sig-
nifi cantly different pupal weight (average 
of 9.20 mg). Our current fi ndings also show 
no signifi cant differences in average weight 

between irradiated and non-irradiated pu-
pae, supporting the earlier fi nding. 

Egg hatch
Irradiation signifi cantly (P <0.01) reduced 
average emergence from 62.61% to 0.08%. 
This demonstrated that the irradiation 
achieved the desired outcome. In the facil-
ity colony, egg hatch percentage was not 
affected by pupal weight but was affected 
by week of production with January and 
February (the peak reproductive season) 
having the lowest hatch percentage. 

Emergence 
The current data indicates that there was 
no relationship between pupal weight and 
emergence. This is contrary to the results 
reported by Dominiak et al. (2002). They 
also reported that irradiation resulted in a 
slightly lower emergence although the dif-
ference was not signifi cant. Current results 
do not support this earlier fi nding, show-
ing a high level of signifi cance (P <0.01) 
indicating that irradiation caused lower 
emergence. However the average emer-
gence in 1997/98 was below 78% for both 
types; the signifi cant reduction in emer-
gence in this year (both types were above 
85%) may not matter. 

Flight ability and fl ight ability index
Dominiak et al. (2002) reported that irra-
diation had no effect on fl ight ability. In 
this current year, there was a signifi cant 
reduction in fl ight ability following irradi-
ation (Table 2) and fl ight ability decreased 
as pupal weight increased. However it 
should be noted that the fl ight ability of 
93.71% was only reduced to 90.71% with 
both fi gures being about 1% higher than 
Dominiak et al. (2002). 

Table 1. Regression coeffi cients of pupal quality parameters on pupal 
weight (* and NS denote signifi cance and not signifi cance at 5% level 
respectively).
Fly types Emergence per cent Flight ability per cent Per cent egg hatch

intercept slope intercept slope intercept slope
Non irradiated 77.65 1.010 NS 106.83 1.196 NS 39.12 2.130 NS
Irradiated 76.99 0.797 NS 83.93 3.58 * −1.34 0.128 NS

Table 2. Means, and F values for adult emergence, fl ight ability, egg hatch, 
and pupal weight (NS, * and ** denote signifi cance at >5%, <5% and <1% 
level respectively) compared with fl y types (irradiated and non irradiated) 
and week of production.
Fly types Emergence 

per cent
Flight ability 

per cent
Flight 
index

Per cent 
egg hatch

Pupal weight 
(mg)

Non irradiated 88.76 93.71 – 62.61 11.00
Irradiated 85.82 90.71 96.12 0.08 11.09
Fixed terms F values
Fly types 13.18 ** 15.37 ** – 1119.66 ** 0.67 NS
Linear(week) 20.67 ** 7.60 ** – 5.91 * 0.03 NS
Interaction 2.00 NS 0.001 NS – 6.04 * 0.02 NS
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The fl ight ability index (a similar but 
different way of calculating fl ight ability), 
which is a further calculation on the origi-
nal fl ight ability measurements, was below 
100. Flight ability is based on the number 
of fl iers per 100 pupae while the fl ight abil-
ity index is based on the number of sterile 
fl iers per normally-eclosed adults. The 
signifi cant differences between the fertile 
and sterile fl ies indicate that irradiation 
does exert an infl uence. The index was an 
average of 96.12 compared with 97.04 in 
the previous year. 

In summary, pupal weight appeared to 
have been much less critical in this cur-
rent year, compared with the results of 
Dominiak et al. (2002). If there is a genuine 
relationship between pupal weight and 
other parameters, it is likely that there is 
an optimal point where increasing pupal 
weight does not result in any other param-
eter advantage. If this is so, the optimal 
point is likely to be between last year’s 9.2 
mg and this year’s 11.0 mg. From an ef-
fi cient production point of view, it would 
seem more beneficial to produce large 
numbers of ideal sized pupae per kg of 
media, compared with the increasingly 
larger pupae using more media for no bio-
logical advantage. However from a fi eld 
release and performance viewpoint, Jes-
sup (personal communication) noted that 
larger males displaced smaller males in 
mating sites, so there may be fi eld advan-
tages to increasing pupal size even after 
there was no apparent added advantage 
at the production facility. The issue of ‘big-
ger is better’ was reviewed by Dominiak 
et al. (2002) and there seemed to be many 
advantages in producing larger fruit fl ies 
in many species. 
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