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Abstract

Fruit fly surveillance remains essential for international and domestic trade. The dry cuelure baited Lynfield trap has been
the Australian standard since the early 1990s. Here, we tested the two versions of Biotraps against the Lynfield traps in
the Riverina area of New South Wales. The Biotraps using a protein gel performed significantly better in trapping Island
fly and female Queensland fruit fly. Also, Biotraps were assessed as at least equal to or superior to Lynfield traps for trap-
ping male Queensland fruit fly. However, the number of Newman fly trapped exhibited no significant difference between
the two trap types in both time periods A and B. We discuss differences in trap architecture, toxicants and lures between

the two traps, along with benefits for storage and transport.

Keywords Monitoring - Dry trap - Market access + Cuelure - Protein - Trap archecture - Toxicants - Attractants

Introduction

Many tephritids are pests of fruit crops and an impediment
to trade throughout the world (Vargas et al. 2015). Fortu-
nately, many pest Dacus and Bactrocera species are well
suited to eradication or management because the males are
attracted to lures such as methyl eugenol and cuelure (Suck-
ling et al. 2016). In Australia, Queensland fruit fly (Qfly),
Bactrocera tryoni (Froggatt) (Diptera: Tephritidae), is the
main pest of most fruits and fruiting vegetables along the
east coast, including the Riverina region in south east New
South Wales (NSW) (Dominiak and Mapson 2017). Qfly
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has 297 known hosts in native and commercial fruit and
vegetables (Dominiak 2023). Female Qfly can lay hundred’s
of eggs in their lifetime and usually, eggs are laid in rip-
ening fruit, often leaving little surface indication that fruit
is infested. Infested fruit is transported long distances by
human assisted methods, frequently in vehicles by road and
air (Dominiak et al. 2000). The estimated natural dispersal
of Qfly is about 400 m in their lifetime, mostly recently
reviewed by Dominiak and Fanson (2020). The detection of
larvae in commercial fruit consignments requires the fruit to
be disinfested before trade in the domestic or international
markets can be completed (Jessup et al. 1998; IPPC 1999,
2006, 2007). All these events cause considerable loss of
income for producers or the destruction of food (Dominiak
and Mapson 2017).

Other tephritids trapped in the Riverina include New-
man fly (Dacus newmani (Perkins), an non economic teph-
ritid, which was trapped in large numbers in cuelure traps
(Dominiak 2019b). Additionally, Island fly (Dirioxa pornia
(Walker) is a pest of damaged fruit and is attracted to protein
lure (Dominiak et al. 2003).

Lures are essential for surveillance. Additionally, trap
design is important and continues to evolve in Austra-
lia. Cuelure is an attractive male lure of Qfly (Monro and
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Richardson 1969). Cuelure, {4-(p-acetoxyphenol)-2-bu-
tanone} is a stabilised precursor of raspberry ketone and
cuelure breaks down to raspberry ketone, particularly in the
presence of moisture (Alexander et al. 1962; Dominiak et
al. 2003). Jackson traps (delta design) baited with cuelure
using sticky mats were originally used in the late 1980s
in NSW. Cowley et al. (1990) demonstrated the Lynfield
traps, baited with cuelure and malathion, were superior to
the Jackson traps and subsequently, Lynfield traps (cuelure
and malathion) became the standard trap design in southern
Australia (Dominiak et al. 2003). However, cuelure-baited
Lynfield traps only trapped male flies.

Both male and female Qfly require protein in their diet
to reach sexual maturity (Fletcher 1987) and therefore traps
that contain protein are able to monitor both sexes. The
liquid protein-baited McPhail traps did attract both males
and females but were only about one-seventh as effective as
Lynfield traps (Dominiak and Nicol 2010). Protein-baited
McPhail traps are not used in standard trapping arrays but
were used more frequently in incursion surveillance to find
the epicentre of an incursion or outbreak (Dominiak et
al. 2003). Both traps are recognised in international trade
agreements with the cuelure baited Lynfield trap being the
mainstay for Qfly surveillance.

Qfly is native to Australia and currently present in Aus-
tralia and in several Pacific islands (Vargas et al. 2015).
In Australia, Qfly is established in the eastern states/ter-
ritories of Northern Territory, Australian capital Territory,
Queensland, New South Wales and Victoria (Dominiak and
Mapson 2017). The presence of Qfly in production areas
means that fruit for some domestic or all international mar-
ket access must be disinfested (Jessup 1988; Jessup et al.
1998; De Lima et al. 2007; Haynes and Dominiak 2018)
and this treatment comes at a significant cost in financial
and time delay terms. Some trade protocols do not require
disinfestation if producers can demonstrate pest freedom at
regional or local areas (Dominiak et al. 2015; Dominiak and
Worsley 2016; Dominiak and Mapson 2017; IPPC 1999,
2007). In the early 1990’s, Australia developed a protocol
to demonstrate the presence or absence of Qfly and this
was accepted internationally in the mid 1990’s (see Domin-
iak and Mapson (2017) for details). Essentially, a trapping
array of Lynfield traps was established on a 1000 m array in
orchards and 400 m array in urban areas. The threshold for
an outbreak is based primarily on the detection of five male
Qfly (Dominiak et al. 2011a) and the five male Qfly detec-
tion was the most frequent event resulting in the declaration
of an outbreak (Dominiak and Mapson 2017). Detections of
female Qfly or larval detections in fruit usually happened
after an outbreak was declared and there was a breeding
population. Wet protein-baited McPhail traps were used to
help find the epicentre of an outbreak but were less effective
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and more time consuming to service (Dominiak and Nicol
2010).

However, the Lynfield trap shells have some drawbacks.
The holes for insect ingress and drainage have to be drilled
before use. The 1 L shells do not stack efficiently into each
other and take up considerable space in storage or during
transport to surveillance centres, particularly when thou-
sands of traps are stored in preparation for scheduled trap
replacement. Additionally, regulators must build each trap
and source the components separately. By comparison, cone
traps can be flat packed and use considerably less storage
space but must be assembled prior to use (Dominiak et al.
2019). The Biotrap components stack efficiently into each
other and require less space for storage or transport com-
pared to Lynfield traps. The production of the 1 L plastic
Lynfield container is declining and the availability of these
containers is becoming more challenging. There is a need
to develop alternative traps to service fruit fly surveillance.

Growers and fruit fly managers/regulators continue to
seek to optimise Qfly surveillance. Alternative traps con-
tinue to be developed but need to be equivalent to current
international standards. These alternative traps will provide
growers with a choice in traps to suit individual farming
enterprises. In an initial assessment in Victoria, Bain and
Dominiak (2022) found that the BioTrap, baited with a pro-
tein gel and dichlorvos toxicant, was a suitable alternative
to the Lynfield Trap. Here, we conducted a more extensive
scale assessment to compare the performance of Biotraps
(protein gel-baited) with the Lynfield traps (cuelure-baited)
in southern NSW for trapping Qfly (male and female), New-
man fly and Island fly.

Materials and methods

The Riverina is a major fruit producing region in southern
NSW, Australia and was a part of the Fruit Fly Exclusion
Zone (FFEZ) for trade optimisation by demonstrating pest
freedom (IPPC 1999; Dominiak and Mapson 2017). Prior
to 2013, the FFEZ trapping array in fruiting hosts existed
throughout the Riverina on either 1 km (orchard) or 400 m
(urban) arrays. However, after the FFEZ was discontinued
in 2013 (Dominiak and Mapson 2017), and a 5 km array was
in place and operational during our trial (Quilici and Donner
2012). The trial was conducted at 11 sites (replicates) in the
Riverina in the districts of Hanwood, Tharbogang, Somer-
ton Park, Corbie Hill, Paynter’s Siding, Nericon, Darlington
Point, and Leeton. Sites were located in orchards where the
existing cuelure-baited Lynfield traps were already opera-
tional. At each site, we selected a fruiting tree next to the
Lynfield trap tree to hang the Biotrap. The assessment was
conducted between 30 and 2014 and 22 June 2016. This
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period was after area wide management of Qfly had ceased
in July 2013. Pest management at each site was conducted
by individual growers.

Lynfield traps (Fig. 1a) are a 1 L cylindrical clear plastic
container (120 mm in depth and diameter), a yellow lid, and

Fig. 1 Images of fruit fly traps. Figure la is a Lynfield trap; Fig. 1b is
a Biotrap Version 1; Fig. 1c is a Biotrap Version 2

a cotton wick lure dispenser (Cowley et al. 1990; Dominiak
and Nicol 2010). In the trap’s body, there were four 25 mm
holes drilled at equally spaced locations into the sides to
allow the lure vapour to exit the trap and for insects to enter.
Four additional 2 mm holes were drilled into the bottom
to prevent any water accumulation. Lynfield lure dispensers
comprised of cotton wicks [four dental cotton rolls (each
10 mm x 40 mm long) held together by a wire clamp] sus-
pended from the middle of the trap lid. The wick was hung
at about the same level as the ingress holes in the side wall
of the trap body. The cuelure treatment was a 5 mL solu-
tion containing eight parts cuelure and one part malathion
(1150 gL~ ! active ingredient). Wicks were changed every
six months.

Biotraps were designed and manufactured by Biotrap
Pty Ltd (BioTrap Australia Pty Ltd, Ocean Grove, Victo-
ria, 3226, Australia) (Fig. 1b and c). Both versions (minor
variations in base design) of the Biotrap consisted of two
individual plastic bodies, the top and the base. The top was
produced from clear PVC with a rounded skirt allowing it
to be pushed (clipped together) onto the base. This rounded
skirt had additional internal protrusions to ensure a firm
grip on the base. A small centrally positioned hole in the top
allowed a clip to be pushed through to enable the trap to be
hung from a suitable tree branch or similar.

The Biotrap base was made by injection moulding using
PMS 803 yellow HIPS (High Impact Poly Styrene), which
resulted in a structurally ridged body. The base had a lip to
fit within the skirt of the top. The base contained five verti-
cally inclined entry holes of 10 mm diameter, four around
the circumference and one in the centre. The four cardinal
positioned holes within the trap ended abruptly to reduce
the potential for insects exiting, and their entry was via a
scalloped section. The centre hole in the base was a cone
type with an entry size of 25 mm, rising 50 mm within the
base to end in a 10 mm hole (Fig. 1b and c). The width of
the trap was 150 mm, the base was 75 mm and the top was
75 mm making for a compact design that allowed for easy
stacking of each component. The base had a capacity for
250 mL of liquid.

The female-biased protein lure was demonstrated to pri-
marily attract the female Qfly, although males were also
attracted (Dominiak and Nicol 2010). The Biotrap attractant
was a gel produced from a stabilised protein concentrate,
ammonium compounds and a thickening agent (Xanthan
gum). The lure was changed every three months. The toxi-
cant was DDVP (dichlorvos) carried on a cube and DDVP
cubes were replaced every three months. For the DDVP
cubes, Biotrap purchased stripes from AMVAC Chemi-
cal Corporation, Newport Beach, USA. Each strip was
60x 165x3.5 mm, weighed 65 g and contained 186 g/kg
DDVP. Strips were cut into 15X 15X 3.5 cubes and sealed
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immediately into an approved foil bag. This product is reg-
istered under the Australian Pesticides and Veterinary Medi-
cines Authority as “Biotrap DDVP Cubes”, Product 68,989.
DDVP cubes were removed from their sealed bags immedi-
ately before placement in traps.

Two Biotrap versions were tested; version 1 (see Fig. 1b)
between 30 and 2014 to 28 April 2015 (7 months: time
period A) and version 2 (Fig. 1c) between 11 and 2015 to 22
June 2016 (13 months: time period B).

In each comparison, a Biotrap was hung in adjacent trees
and were about 10 m apart from existing Lynfield traps.
Trap sites were selected to be representative of the Riverina
district and not selected for high or low Qfly populations.
Traps were inspected weekly in the summer cycle (Septem-
ber to May) and fortnightly in winter (June to August). Flies
in traps were placed in individual containers and labelled
with the trap number and date and were sent to Orange Agri-
cultural Institute at Orange for further analysis. Entomolo-
gists identified fly species using standard texts and numbers
of each species was entered data on the state database

“PestMon” (see Dominiak et al. 2007 for details). Data was
extracted for analysis after the trial was terminated.

All statistical analysis was carried out using R version
4.0.3 (R Core Team 2013). There were 11 sites where the
Biotraps were tested against the standard Lynfield traps in
the field in two test periods (A and B). We applied a gen-
eralised linear model with Poisson distribution (Cameron
and Trivedi 1998) and log as the link function to estimate
if (a) the total number of flies, (b) number of Qfly male,
(c) number of Qfly female, (d) number of Newman fly and
(e) number of Island fly, trapped were affected by the trap
type in two time periods A and B. The total number of flies
trapped at each site between the two time periods A and B is
presented in Fig. 2. All statistical comparisons resulting in
p-values smaller than 0.001 are expressed as <0.001. Over-
dispersion in poisson regression models was checked using
check overdispersion() function from performance package
in R (Liidecke et al. 2021). Also, all five comparisons (as
mentioned above) were made using a zero-inflated nega-
tive binomial (ZINB) model (Perumean-Chaney et al. 2013)

Time_period E a * b
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Total number of flies captured
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Fig. 2 Total number of flies trapped at 11 sites for the two time periods A (a) and B (b)
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Fig. 3 Total number of flies trapped at 11 sites in two trap types Biotrap and Lynfield traps

Table 1 Trap catches of tephritids (Island fly (Dirioxa pornia), Newman fly (Dacus newmani) and Queensland fruit fly (Bactrocera tryoni)) during

two time periods using Lynfield and Biotrap designs

Time Total flies trapped Total Trappings
period Qfly male Qfly female Newman fly Island fly
2488 354 53 4208
Trap Types
Lynfield Biotrap Lynfield Biotrap Lynfield Biotrap Lynfield Biotrap Lynfield Bio-
traps trap
traps
A 543 608 0 53 16 16 19 332 578 1,009
B 572 765 0 301 11 10 9 3,848 592 4,924
Total 1,115 1,373 0 354 27 26 28 4,180 1,170 5,933

using zeroinfl() function from pscl package (http://github.
com/atahk/pscl) (Favero et al. 2021).

Results

Figure 3 presents the total number of flies trapped at 11
sites and Table 1 gives the information about the total num-
ber of flies trapped in Biotrap and Lynfifield traps in two
time periods. Table 1 shows that a higher number of flies
(male and female Qfly, and Island fly) were trapped with
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Biotraps in comparison to Lynfield traps. Poisson and nega-
tive binomial regression results in Table 2 demonstrated that
the total number of flies trapped by Lynfield and Biotraps
was significantly different in both time periods A and B
(p-value < 0.05; Table 2). There was significant overdisper-
sion detected for poisson regression models and we relied
on the results of ZINB for our interpretations. In addition,
Lynfield traps exhibited a negative estimate in all com-
parisons (Table 2), and therefore, we suggest that Biotraps
performed better than Lynfield traps in both time periods A
and B. Also, Table 1 records the number of Qfly male, Qfly
female, Newman fly and Island fly trapped by Lynfield and
Biotraps in time periods A and B. Statistical comparisons
for the Qfly males, Qfly females and Island fly revealed that
the number of flies trapped differed significantly for the two
trap types in both time periods (Table 2).

However, the number of Newman fly trapped exhibited
no significant difference between the two trap types in both
time periods A and B (Table 2, p-value>0.05). Moreover,
the overall number of trapped Newman fly remained low
compared to other fly types. In dry years, Newman fly were
trapped in larger numbers than Qfly (Dominiak 2019a) how-
ever this was not the case during our research period. Also,
the Lynfield traps did not capture any female Qfly during
both periods (Table 1). Additionally, we tested our dataset
for the presence of excessive zeros in the counts of flies cap-
tured by the two trap types using ZINB. The zero inflated
model detected the presence of excessive zeros for New-
man fly and female Qfly. For Island fly, the number of flies
trapped in Lynfield traps was lower than the number of flies
trapped by Biotraps (Table 1). On further analysis, it was
detected that most Island fly and Qfly were trapped in the
months of April and May (Table 3). October was the peak
month for Newman fly trappings.

Bactrocera neohumeralis (Hardy) was not detected dur-
ing our trial and this is consistent with the known range
(Dominiak and Worsely 2016). Dacus newmani was trapped
and is consistent with the known distribution (Dominiak
2019a).

Discussion

Traditional tephritid surveillance relies on trapping males
using a male attractant. It is likely that protein lures may be
effective as in-canopy lures but may fail to attract flies from
adjacent trees and rarely further than 10 m (Balagawi et al.
2012; Shelly & Manoukis 2018). Conversely, male para-
pheromones are found in nature and are known to attract
male flies over much longer distance. Fletcher (1974) used
a trap spacing of 0.4 km and this spacing seems to have
been adopted every since. This distance may be based on the
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natural Qfly dispersal distance of 0.3—0.4 km, advocated by
Dominiak and Fanson (2020).

Here, we demonstrated that the Biotrap, baited with a
protein gel, trapped more male Qfly than the traditional Aus-
tralian Lynfield trap. In addition, Biotraps had the benefit of
trapping female Qfly. Dominiak and Nicol (2010) reported
that the male:female ratio was about 7:1 with the McPhail
male:female Qfly captures. We found that the ratios for the
Biotrap version 1 and version 2 ratios were 11.5:1 and 2.5:1,
respectively. So for Qfly surveillance, we propose that the
protein gel baited Biotrap combines the utility of both the
Lynfield and the McPhail traps in one design. For orchard-
ists, Biotraps will provide a better insight into the female
Qfly, that may be potentially egg-laying.

During both versions/time periods, we found that Bio-
traps had significantly better performance than the cuelure
Lynfield trap for male Qfly and for female Qfly. Therefore,
Biotraps are an effective alternative surveillance option for
Qfly monitoring.

The cuelure-baited dry Lynfield traps became the stan-
dard Australian trap in about 1993 and are likely to remain
the standard for regional pest freedom monitoring (IPPC
1999). However, new traps are emerging, particularly as
some growers move towards the domestic trade agreements
(IPPC 2007). Dominiak et al. (2019) demonstrated that
cone traps were one alternative and had the advantage of
being flat packed for transport or storage. Ladd traps had
advantages in some circumstances (Schutze et al. 2016).
Similarly, Bain and Dominiak (2022) demonstrated that
Biotraps were equivalent to Lynfield traps in Victoria. Fay
et al. (2022) used Biotraps to monitor Zeugodacus cucumis
(French) in northern NSW and defined the southern range of
Z. cucumis. Here, we demonstrated that Biotraps were better
than Lynfield traps in the Riverina region for the monitor-
ing of male Qfly. The added benefit was that Biotraps cap-
tured female Qfly while Lynfield traps do not. This added
benefit may better inform fruit fly management regarding
female populations in orchards and help fruit growers make
a better choices to manage Qfly. Recently, climate change
made large regional pest free areas difficult to maintain
(Dominiak and Mapson 2017; Simpson et al. 2020). These
trap improvements will assist fruit growers transition from
regional pest free standards to the newer trade standards of
systems approach, areas of low pest prevalence and pest
free places of production (Dominiak et al. 2015; Dominiak
2019b; IPPC 2007).

Additionally, we demonstrated that protein-baited Bio-
traps captured large numbers of D. pornia flies in both time
periods. This observation was consistent with Dominiak
and Nicol (2010). Cuelure-baited Lynfield traps captured
low numbers of D. pornia and this is consistent with ear-
lier reports (Osborne et al. 1997; Dominiak et al. 2003;
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Table 2 Ppisson regres;ion (23) Table 2a. Posisson regression model — Total flies
fﬁilzfzr?ﬁgl?f&ﬁiigfzh]ﬁﬁg Coeficients Estimate Std. Error Z value Pr(>|2])
comparisons of the total number Biotrap_b (Intercept) 3.46492 0.01425 243.1 <0.001
of flies, Qfly (Bactrocera tryoni) Lyn b -2.11837 0.0435 -48.7 <0.001
male, Qfly female, Newman fly Biotrap_a (Intercept) 2.342 0.03148 74.39 <0.001
(Dacus newmani) and Island fly 1y 4 -0.55714 0.05216 -10.68 <0.001
(Dirioxa p(.nma) trapped by two Posisson regression model — Qfly male
trap types in time periods A and .
B. Statistical comparisons result- Biotrap_b (Intercept) 1.60292 0.03616 44.34 <0.001
ing in p-values < 0.05 (not high- Lyn b -0.29074 0.05528 -5.26 <0.001
lighted in grey) were considered Biotrap_a (Intercept) 1.83546 0.04055 45.259 <0.001
as significantly different. Lyn a -0.11307 0.05904 -1.915 0.05
Posisson regression model — Qfly female
Biotrap_b (Intercept) 0.67016 0.05764 11.627 <0.001
Lyn_b -3.91535 0.4123 -9.496 <0.001
Biotrap_a (Intercept) -0.6044 0.1374 -4.4 <0.001
Lyn a -2.1785 0.4307 -5.058 <0.001
Posisson regression model — Island fly
Biotrap_b (Intercept) 3.21836 0.01612 199.65 <0.001
Lyn b -6.0581 0.3337 -18.15 <0.001
Biotrap_a (Intercept) 1.23042 0.05488 22.42 <0.001
Lyn a -2.8607 0.23589 -12.13 <0.001
Posisson regression model — Newman fly
Biotrap_b (Intercept) -2.73437 0.31623 -8.647 <0.001
Lyn b 0.09531 0.43693 0.218 0.827
Biotrap_a (Intercept) -1.8020 0.250 -7.209 <0.001
Lyn a -5.17E-11 0.3536 0 1
Table 2b. Count (Negative binomial) model - Total flies
Coefficients Estimate Std. Error z value Pr(>|z|)
Biotrap_b (Intercept) 3.4649 0.1288 26.9 <0.001
Lyn_b -2.1184 0.1862 -11.38 <0.001
Biotrap_a (Intercept) 2.342 0.1293 18.106 <0.001
Lyn a -0.55714 0.1849 -3.013 0.00259
Count (Negative binomial) model - Qfly male
Biotrap_b (Intercept) 1.6029 0.1352 11.858 <0.001
Lyn b -0.2907 0.1923 -1.512 0.0131
Biotrap_a (Intercept) 1.8355 0.1342 13.678 <0.001
Lyn a -0.1131 0.1903 -0.594 0.05
Count (Negative binomial) model - Qfly female
Biotrap_b (Intercept) 0.6702 0.2063 3.249 0.00116
Lyn b -3.9154 0.5636 -6.947 <0.001
Biotrap_a (Intercept) -0.6044 0.1374 -4.4 <0.001
Lyn a -2.18 6.48E-01 -3.362 0.000774
Count (Negative binomial) model - Island fly
Biotrap_b (Intercept) 3.2184 0.1916 16.8 <0.001
Lyn b -6.05810 4.29E-01 -14.11 <0.001
Biotrap_a (Intercept) 1.2304 0.3326 3.7 <0.001
Lyn_a -2.8607 0.5204 -5.497 <0.001
Count (Negative binomial) model - Newman fly
Biotrap_b (Intercept) -2.73437 0.51078 -5.353 <0.001
Lyn b 0.09531 0.71603 0.133 0.894
Biotrap_a (Intercept) -1.8020 0.3712 -4.854 <0.001
Lyn_ a 7.00E-16 0.5250 0 1
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Table 3 Trap catches of Island fly (Dirioxa pornia), Newman fly (Dacus newmani) and Queensland fruit fly (Bactrocera tryoni) for different

months of the year

Trap type Fruit fly species

Island fly Newman fly Qfly

Lynfield Biotrap Lynfield Biotrap Lynfield Biotrap
January 4 58 1 0 160 180
February 2 240 2 2 114 339
March 6 559 2 0 210 281
April 4 1280 0 0 231 344
May 2 1316 0 0 117 226
June 4 399 0 0 39 71
July 0 103 0 0 6 12
August 0 28 0 0 0 2
September 0 7 0 0 16 26
October 1 30 17 19 11 33
November 0 47 3 1 48 73
December 5 113 2 114 150
Total 28 4,180 27 26 1,066 1,737

Dominiak and Nicol 2010; Lloyd et al. 2010). Dirioxa por-
nia does not infest undamaged fruit (Morrow et al. 2015)
and is not a problem in well-managed orchards.

Regarding D. newmani, Gillespie (2003) claimed this
species was likely to be univoltine with a major flight in
spring. Dominiak et al. (2011b) found Newman fly was
active mainly in August and also November and December
but not in March. Dominiak (2019a) reported a population
peak in September. We found the peak in October which
may be related to seasonal variations: D. newmani popu-
lations increased during drier periods (Dominiak 2019a).
The host of D. newmani remains unknown but is not a pest
of commercial fruit. However, D. newmani was trapped in
large numbers in some seasons (Dominiak 2019a).

Our research revealed some contradictions to the cur-
rent perceptions in Qfly surveillance. The McPhail traps
frequently use a liquid protein lure (protein hydrolysate or
yeast autolysate) and have to be recharged twice per week
(Dominiak and Nicol 2010). The liquid lure is smelly and
unpleasant to handle. There is no toxicant and fruit flies
drown in the solution. The retrieval of tephritids requires the
solution to be drained through a sieve and the often partially
decomposed fruit flies are placed in containers to be sent to
identification services. The overall task of retrieving flies
and recharging liquid lures is unpleasant and time consum-
ing. By contrast, the Biotraps used a gel protein lure which
had to be recharged every three months. Tephritids were
killed by dichlorvos and therefore were dry samples, similar
to samples in Lynfield traps. Clearing flies from Biotraps
was as fast and easy as clearing flies from Lynfield traps.
Therefore, the time taken to service Biotraps was similar to
Lynfield traps and had none of the foul odours associated
with liquid protein lures. Additionally, identification ser-
vices did not have to deal with smelly samples in confined
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laboratory environments. Also, samples were not degraded,
making identification much less challenging.

Another contradiction was with Newman fly. Previously,
Newman fly were trapped in cuelure-baited Lynfield traps
but not attracted to liquid protein lures in McPhail traps
(Dominiak and Nicol 2010). Dominiak et al. (2011b) found
that Newman fly were attracted to cuelure baited (or cuelure
and methyl eugenol baited) Lynfield traps but not to McPhail
traps baited with liquid protein autolysate or orange juice
concentrate. Conversely in our comparison, the protein gel
baited Biotrap trapped more Newman fly than the cuelure-
baited Lynfield traps. We suspect than difference in protein
bait formulation had an influence, or that the difference in
yellow presentation between the trap architectures had an
influence.

The trap architecture between Lynfield and Biotraps was
different. Yellow is attractive to Qfly because it is indica-
tive of ripening fruit (Meats 1983) and sugars are the main
nutrient used by larvae (Dominiak and Fanson 2017). The
Lynfield traps have a yellow screw on lid with a relatively
small yellow presentation (see Fig. 1). Often, tephritids land
on the clear shell and walk on the outer surface until they
find one of the ingress holes. Once inside the Lynfield trap,
they may startle and attempt to fly away. They are likely to
fly towards the clear sides walls, where the vertical exist
holes are. If flies become unwell after contacting the mala-
thion, they may walk on the inside of the trap and find the
exit holes, and die outside the trap. Conversely, the main
ingress hole in Biotraps was in the floor of the yellow trap
and on a raised cone, similar to the design of McPhail traps.
If flies startle, they may fly to the clear side wall but will not
find the exit holes. If flies fall to the floor of the trap, they
are unlikely to fall out of the trap because of the raised peak
in the floor where the ingress/outgress hole is (see Fig. 1c
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— Biotrap V2). Therefore, we think that the retention rate of
flies is likely to be better in Biotraps compared to Lynfield
traps. Future testing may evaluate if the Biotrap, baited with
cuelure and toxicant, is a direct replacement for the cuelure
baited Lynfield trap for regional pest monitoring.

There were differences in toxicant. In Lynfield traps,
tephritids must fly to and walk on the wick to contact mala-
thion, a contact poison. Subsequently, flies may leave the
wick and trap before they die. In Biotraps, the toxicant is
dichlorvos and flies are likely to be subjected to the fumi-
gant action irrespective of where they are in the trap. There-
fore, the toxicant in Biotraps is more utilitarian than the
contact poison in Lynfield traps.

The final contradiction is the perception that cuelure-
baited Lynfield traps capture more Qfly than protein baited
traps (Dominiak et al. 2003; Dominiak and Nicol 2010). In
our comparison, the protein baited Biotraps were at least
equal the cuelure Lynfield traps for male Qfly. We can only
speculate that the combination of protein (with thickening
agent), the Biotrap trap architecture, and toxicant was equal
to the cuelure-baited Lynfield trap architecture and mala-
thion combination. More research is required to identify if
this pattern is consistent across Australia, and to identify the
key element of the Biotrap success.

Additionally, the Biotrap yellow base and clear top do
stack into each other and have storage advantages over the
Lynfield traps. The Biotrap halves were quickly clipped
into each other for field deployment. For better storage and
transport, the cone traps were flat packed for efficient stor-
age and transport. However, they needed to be assembled
before field deployment and take more time than the Biotrap
to assemble. In summary, the Biotrap had merits compared
to the Lynfield traps and is an example of the continuing
evolution of tephritid surveillance in Australia. Currently,
Lynfield traps cost about twice as much as Biotraps. The cost
and surveillance advantages of Biotraps should facilitate the
transition away from Lynfield traps in many situations.
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