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Abstract
Three rates of cuelure were compared in 
male annihilation blocks to assess the 
attraction of male Queensland fruit fl y. 
There were no signifi cant differences in 
trap captures of fruit fl y between 2, 8 or18 
mL of cuelure in chipboard based male 
annihilation blocks. There was no repel-
lent effect at the high cuelure rate, even 
in the fi rst inspection period. At the end 
of the trial, chemical analysis was con-
ducted on the core and edge positions of 
blocks. Cuelure, maldison and raspberry 
ketone were signifi cantly related to the 
weight of the blocks. Cuelure levels were 
significantly higher in surface layers 
while maldison levels were signifi cantly 
higher in the core position. Implications 
for the male annihilation technique are 
discussed. 

Introduction
Male Queensland fruit fl y (Bactrocera tryo-
ni (Froggatt)) (Qfl y), were found to be at-
tracted to cuelure (CL) in the late 1950s 
(Monro and Richardson 1969) and CL has 
been used as the only male parapherom-
one lure since then. The CL and maldison 
(M) insecticide combination was devel-
oped as part of the male annihilation tech-
nique (MAT) in New South Wales (NSW) 
(Jones and Skepper 1965, Bateman et al. 
1966a,b) and in other Australian states 
(Yeates et al. 1992, Madge et al. 1997). A 
variety of materials have been used in the 
MAT to retain the CL and M. Chipboard 
(particle board) or caneite (fi bre board) 
have been the most commonly used blocks 
in NSW, Victoria, and Western Australia. 
MAT has been used successfully against 
fruit fl ies in many other countries (Hol-
brook et al. 1970, Cunningham and Steiner 
1972, Sookar and Kharratee 2000, Vargus 
et al. 2005, Orankanok et al. 2007). How-
ever little consideration has been given to 

the distribution of chemicals in the MAT 
block itself. 

CL degrades in the presence of mois-
ture to raspberry ketone (RK) and RK is 
generally considered to be more attractive 
to fruit fl ies than CL (Medcalf 1990). RK is 
volatile and relatively quickly lost to the 
atmosphere while the degradation of CL is 
considerably slower. Over time CL levels 
decline in the block resulting in declining 
level of RK and CL resulting in a dimin-
ished attraction for Qfl y. The rates of CL 
and M have changed since the 1960s. By 
the 1990s, MAT in NSW was formulated 
with 2 mL of CL and of M per particle 
board block (50 × 50 × 12 mm). No tests 
have been previously carried out to evalu-
ate the period of effectiveness in NSW. In 
NSW, MAT is often used in the Risk Reduc-
tion Zone (RRZ), immediately surround-
ing the Fruit Fly Exclusion Zone (FFEZ). 
This reduces the wild Qfl y populations in 
these surrounding areas and reduces the 
chances of Qfl y entering, establishing and 
being detected inside the FFEZ. Gilchrist 
et al. (2006) demonstrated that most incur-
sions into the FFEZ came from the RRZ. In 
the NSW RRZ, the annual fruit fl y control 
program in the Riverina uses over 20 000 
blocks each year and has done so for many 
decades. 

The cost of hanging MAT blocks in trees 
is considerably more than the cost of the 
blocks themselves. One management op-
tion could be to incorporate high amounts 
of CL into blocks to make them attractive 
for longer periods, thus minimizing the 
annual labour cost of replacement. One 
concern was that increasing the amount of 
CL might cause a repellent effect for Qfl y 
immediately after block placement in the 
fi eld. The following paper describes a trial 
to test the repellent theory and to evaluate 
chemical components of MAT blocks.

Materials and methods
Field component
A trial involving three treatments (levels 
of CL) and ten replicates was established 
at Dubbo, in central NSW. Dubbo, with a 
population of about 40 000, is an urban 
‘island’ in a dry rural environment and has 
a moderate Qfl y population (Dominiak et 
al. 2006). For each replicate the three treat-
ment traps were placed in adjacent yards.

All treatments were based on the stand-
ard MAT block produced by NSW Depart-
ment of Primary Industries. To manufac-
ture, particle board blocks (50 × 50 × 12 
mm) were placed in a plastic mesh bag, 
and the bag of blocks placed in a drum of 
solution consisting of 10 L of CL and of M, 
and 105 L of ethanol (Yeates et al. 1992). 
The bag was held below the surface of the 
solution until the blocks stop bubbling, 
indicating the blocks were saturated with 
solution. The bag of saturated blocks was 
then lifted out of the solution and allowed 
to drip dry. Treatment one consisted of one 
standard MAT block. Treatments two and 
three consisted of a standard block with 
an additional 6 and 16 mL of CL applied 
respectively to the two large surfaces of 
the standard block. Treatments 1, 2 and 3 
contained approximately 2, 8 and 18 mL 
of CL respectively while the amount of M 
remained constant. 

MAT blocks were held in Lynfi eld traps 
with the MAT block replacing the wick. 
Lynfi eld traps are clear 1 L cylindrical 
plastic pots with a yellow screw lid. Pots 
are 120 mm in diameter and 120 mm deep. 
Each trap has four 2 mm drain holes in 
the bottom, to prevent the accumulation 
of rain water, and four holes, each 25 mm 
in diameter cut into the shoulder of the 
trap, at 90° to each other. The latter holes 
allow the egress of pheromone and ingress 
of insects (Cowley et al. 1990). All traps 
were hung in trees at about 1.5 m above 
the ground.

Sites were inspected 13 times from 14 
April 2000 to 20 April 2001. Trapped fl ies 
were returned from the fi eld, identifi ed 
and counted using standard identifi cation 
keys (White and Elson-Harris 1992). Only 
males of Newman fl y Dacus newmani (Per-
kins) and Qfl y were trapped, and only the 
data from Qfl y was examined further. In 
September 2000, a severe storm destroyed 
six replicates. 

At the conclusion of the trial, the surviv-
ing MAT blocks were collected and sent 
to the Department of Natural Resources 
and Mines, Brisbane, Australia for chemi-
cal analysis. To determine the amount of 
chemical retained in the core and in the 
edge of each block, a thin edge layer from 
each block was shaved from each of the six 
surfaces of the block. The core and edge 
quantities of each block were weighed, 
and analysed for CL, RK and M. The mate-
rials were analysed using the gas chroma-
tographic method described by Doolittle 
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and Beroza (1968), and chemical compo-
nents related to the weight of the core and 
edge parts of each block. 

Statistical analysis
Count of Queensland fruit fl y   The asso-
ciation between the fruit fl y count and the 
treatment over time was evaluated using 
generalized linear mixed models (GLMM) 
through the statistical software ASReml 
(Gilmour et al. 2002). GLMM in ASReml 
uses an approximate likelihood approach 
called penalized quasi-likelihood (Bres-
low and Clayton 1993). In particular the 
response was modelled using a negative 
binomial distribution with a standard log-
arithmic link function which accounted 
for the over dispersion of this variable.

The GLMM was used fi tting a negative 
binomial distribution with a standard log-
arithmic link function, the dispersion pa-
rameter, φ was set to 2. The analysis of de-
viance table was produced by estimating 
the variance components for the random 
effects and fi xing them to the estimated 
value to obtain an analysis of deviance.

Initial analysis showed that there was 
no linear trend or signs of curvature across 
time, therefore it was decided to fi t time 
as a factor only. The GLMM fi tted for the 
fruit fl y count included fi xed terms for 
storm, date and treatment (including in-
teractions) and random terms for site and 
trap also including an interaction term for 
site × storm. Due to the structure of the 
treatments, the treatment effects were fi t-
ted allowing for a linear trend and a lack of 
fi t term in the model. Unless stated other-
wise, signifi cant levels are at P = 0.05.

This analysis was adjusted to use con-
trasts to specifi cally test whether there was 
a treatment difference for the fi rst date of 
collection, to test for an effect of repellency 
due to the higher levels of CL.

Chemical analysis   The chemical analy-
sis data were analysed for blocks from the 
four sites. Total amount of CL, RK, and 
M were measured on each block at the 
edge and from the core and related to the 
weight (g) of the edge or core. Factors in-
volved in this analysis were treatment (CL 
rates of 2, 8 and 18 mL), sites (four loca-
tions equivalent to replicates), and sample 
position (two levels – edge and core). 

The aim of this analysis was to determine 
if there are any differences in the chemical 
concentration between the sample posi-
tions and/or the CL rate. The GLMM used 
for the analysis included fi xed terms for 
block weight, treatment, sample position 
and the interactions of all these terms and 
the only random effect fi tted was site. Re-
gression equation was used to predict the 
levels of CL, RK and M.

Results
Count of Queensland fruit fl y
There were signifi cant effects due to storm 

(P = 0.029) and date (P <0.001) on the num-
bers of Qfl y captured, however there was 
no signifi cant effect due to the treatments 
or the interaction of date and treatment. 
The initial analysis was of the number of 
Qfl y found in each trap per inspection 
which ranged from 0–415. The average 
Qfl y count varied signifi cantly from 1.9 
before the storm to 11.1 after the storm. 
The average count also varied over time 
from 0.6 (21/7/2000) to 32.0 (2/3/2001), 
but there was not a consistent trend across 
time. The formal test for repellency showed 
that there were not treatment differences 
(P = 0.718) on the fi rst date of collection. 

Chemical analysis
For all three chemicals, the variables 
of treatment, position × treatment, 
weight × treatment and weight × posi-
tion × treatment were not signifi cant. The 
combined ANOVA table for signifi cant 
sources for CL, RK and M are given in Ta-
ble 1. 

Cuelure   Signifi cant fi xed terms included 
weight (of the edge or core), position and 
weight × position. There was no evidence 
of the random terms. The estimated re-
gression equation for the total CL of the 
sample taken from the block positions is 
as follows:

CL edge = 12.45 + (1.79 × weight)
CL core = 1.08 + (0.92 × weight)

Raspberry ketone   The total amount of 
RK present in the sample is dependent on 
the weight of the sample only. The esti-
mated regression equation for the total RK 
is as follows:

RK = 0.132 + (0.017 × weight)

Maldison   The total amount of M varied 
signifi cantly with weight and position. 
The predicted total M in the core was 0.60 
g while the edge was predicted to have 
only 0.16 g.

Discussion
MAT offers several advantages when com-
pared with bait spraying, cover spraying 
or sterile release techniques. MAT requires 
fewer property entries per year and this is 
a distinct advantage as many house-hold-
ers are increasing reluctant to allow ac-
cess to their properties, particularly when 
they are absent. Further, MAT generally 
remains effective for longer periods com-
pared with bait or cover sprays, and rarely 
attract and kill non-target species (Domin-
iak et al. 2003, Vayssieres et al. 2007). There 
are fewer pesticide applications compared 
with bait or cover sprays. MAT is less 

Table 1. The ANOVA table for the total cuelure, raspberry ketone and 
maldison and their relationship with other variables (ns = not signifi cant).
Source Degrees of 

Freedom
Denominator 

Degrees of 
Freedom

F Incremental P-value

Cuelure
weight 1 13.2 237.93 <0.001
position 1 13.3 199.22 <0.001
weight.position 1 14.0 27.02 <0.001
treatment 1 13.8 4.29 ns
position.treatment 1 14.6 0.10 ns
weight.treatment 1 14.4 2.24 ns
weight.position.treatment 1 15.9 0.00 ns
Raspberry ketone
weight 1 11.9 29.59 <0.001
position 1 12.6 0.06 ns
weight.position 1 11.0 0.55 ns
treatment 1 8.0 0.21 ns
position.treatment 1 8.5 0.64 ns
weight.treatment 1 13.6 0.14 ns
weight.position.treatment 1 14.2 3.86 ns
Maldison
weight 1 13.0 469.58 <0.001
position 1 13.0 133.45 <0.001
weight.position 1 13.4 4.56 ns
treatment 1 13.4 1.51 ns
position.treatment 1 13.9 0.00 ns
weight.treatment 1 13.8 0.02 ns
weight.position.treatment 1 15.8 3.74 ns
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costly to deploy compared with the Sterile 
Insect Technique or chemical sprays.

For the use of MAT in the RRZ sur-
rounding the FFEZ, a balance between the 
costs of MAT production, the labour costs 
of MAT deployment, and effi cacy of MAT 
is required. Ideally if MAT could remain 
active for an entire year in the dry climate, 
it would have considerable cost savings as 
only one deployment would be required 
annually. Increasing the amount of CL 
would be counter productive if repellence 
occurred initially in MAT and remained 
ineffective until they weathered to a theo-
retical non-repellent level. 

Our data did not indicate any repellent 
effect (P >0.05) for Qfl y to CL levels up to 
18 mL per block. None of the three treat-
ments, including the fi rst collection were 
signifi cantly different. Our results indicate 
that the CL level in standard MAT deploy-
ment could be increased from the existing 
2 mL to up to 18 mL without detriment. 
In Hawaii, Vargus et al. (2005) reported no 
signifi cant difference in attraction of ca-
neite blocks baited with between 4 to 8 mL 
of CL, and there was no decline in attrac-
tion after being subjected to weathering 
for eight weeks. 

The chemical analysis indicated that the 
chemical components reacted differently. 
The RK levels were dependant only on the 
weight of the sample assessed although 
there was some evidence of a difference 
(P = 0.06) between the edge and the core. 
Compared with the levels of CL, the rela-
tively low levels of RK could be the re-
sult of a relatively dry climate. Medcalf 
(1990) reported that CL degraded to RK 
in the presence of moisture and thus the 
dry Dubbo air may have slowed the deg-
radation.

There were signifi cantly higher levels 
of CL in the edge layer compared with the 
core. We would expect that if the block 
parts (edge and core) were saturated uni-
formly with chemical, then the CL levels 
in the edge would degrade more quickly 
than the core due to the protection of the 
edge layer. We infer that the ethanol failed 
to carry CL uniformly into the block, per-
haps because of the glue in particle board, 
and therefore that blocks have an inher-
ently lower level of CL in the core. Yeates 
et al. (1992) reported the amount of CL and 
M taken up by caneite blocks was quite 
variable. 

Conversely for M, there were signifi -
cantly higher levels in the core. We assume 
that the M near the surface was subject 
to more environmental degradation, par-
ticularly after one year in the fi eld. Lloyd 
et al. (1998) reported no signifi cant decline 
in M in fi bre board blocks (about 4.5 g per 
block) in north Queensland in the fi rst 28 
weeks of fi eld exposure, however M levels 
declined slightly with increased exposure 
time up to 52 weeks. Yeates et al. (1992) also 
reported little decline in M levels (about 

2.0 g per block) up to 12 months and found 
about 40% remaining after two years.

There was a signifi cant increase in Qfl y 
captures following the storm, suggesting 
that the storm caused an effect. The tim-
ing of the storm in September coincided 
with the start of the spring breeding cy-
cle. Sydney, on similar latitude, has larger 
Qfl y trappings from September to March 
in most years (Gillespie 2003). We infer the 
increased trapping after September was 
due to the natural fruit fl y life cycle and 
not due to the storm. 

While there was no repellency of Qfl y 
to higher levels of CL, the surface method 
of application seems fl awed as the chemi-
cal analysis indicated that there was no 
signifi cant difference in CL levels between 
the 2 mL rate and the 2 mL plus 16 mL 
surface applied treatment after one year. 
Bateman et al. (1966a) reported on a rapid 
loss of surface applied CL and their blocks 
required re-treatment after two months. 
Along with Bateman and more recent 
analysis (Dominiak unpublished data), 
surface application of CL may result in 
rapid loss of chemical from the blocks. 
While particle board is commonly used, 
this present analysis suggests some in-
consistencies with chemical absorption 
into the blocks. Caneite is made up of soft 
wood fi bre, starch and paraffi n (Lloyd et al. 
1998) and the absorbent properties of the 
fi bre board materials varied considerably 
from block to block. Yeates et al. (1992) also 
reported variable uptake of chemicals in 
MAT blocks. Given this issue, perhaps al-
ternatives should be explored. Some com-
mercial products use cardboard or fur-felt 
while cotton wicks have been used in the 
past (Bateman et al. 1973) on Easter Island, 
and smaller cotton wicks were used in 
monitoring traps (Cowley et al. 1990). 

Our results indicate that the particle 
board blocks were effective for one year. 
Skepper and Sweedman (1968) claimed 
that lures remained effective for two years 
although half were replaced each year. 
Bateman et al. (1973) found the cordelitos 
(small cotton wicks containing 2 mL of CL) 
retained some ability to attract and kill 
Qfl y for more than six months. Cunning-
ham (1989) noted that fi bre-board blocks 
maintained undiminished effectiveness 
for seven months in the fi eld, and still re-
mained slightly attractive after two years 
in the fi eld. Yeates et al. (1992) reported 
that MAT blocks which were 24 months 
old could still attract 39% of Qfl y when 
compared with freshly made wicks. MAT 
blocks were reported to be physically du-
rable enough to last 16 months of heavy 
rainfall at Hawaii (Steiner and Lee 1955), 
at least one year in North Queensland 
(Lloyd et al. 1998) and two years in West-
ern Australia (Yeates et al. 1992).

In summary, rates of CL up to 18 mL 
did not adversely affect the attractiveness 
to Qfl y in male annihilation blocks. There 

was no signifi cant difference in the counts 
of Qfl y trapped between 2 mL to 18 mL 
of CL and this result indicates that there 
is no need to increase the amount of CL, 
or that the surface method of application 
is ineffective. M, CL and RK were signifi -
cantly related to the weight of the blocks. 
There were signifi cantly lower levels of 
CL detected in the core of the block. M 
levels were signifi cantly higher in the core 
of blocks. There is evidence of differen-
tial chemical uptake by the core and edge 
of the particle board blocks, and/or their 
degradation. The climate for most of the 
trial period was average with the Southern 
Oscillation Index remaining around neu-
tral (Watkins 2001, Pahalad 2002) suggest-
ing our results would be typical for most 
years. The chemical attributes of MAT re-
quire further research. 
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