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Summary
The apple weevil, Otiorhynchus cribri-
collis Gyllenhal (Coleoptera: Curculioni-
dae), is a pest in apple orchards in south-
western Australia. We sought to evalu-
ate the potential for an integrated pest 
management approach for apple weevils 
by assessing multiple control tactics and 
monitoring. Our two aims in this study 
were to (1) compare the relative effec-
tiveness of insecticides and chickens 
for weevil management and (2) moni-
tor weevil populations at fi ve properties 
over a single growing season to evaluate 
the best time to monitor.

To assess insecticides and chickens as 
management tools, weevil numbers were 
monitored under three treatments: man-
agement with insecticides, free-range 
chickens and untreated control. The in-
secticide treatment resulted in fewer ap-
ple weevils than the untreated plots but 
numbers of weevils were lowest in the 
chicken treatment. Fruit weight and stem 
damage were also measured but were not 
signifi cantly affected by the treatments.

To evaluate the best time to monitor 
weevils, the number of weevils in apple 
orchards was evaluated at fi ve properties 
from October 2004 to April 2005. Two as-
pects of the weevils’ lifecycle were meas-
ured: overall population fl uctuations and 
the variability of numbers between the 
trunk and the canopy of the apple tree. 
The number of weevils was relatively 
low in late spring but rose in early sum-
mer. In early January weevil abundance 
declined and was followed by a small 
second population peak in February be-
fore the population declined to low lev-
els by April. A greater number of weevils 
were observed in the monitoring bands 
placed on the trunk of the tree compared 
to bands placed in the canopy. 

Keywords: insect pest, monitoring, 
biological control, Gallus domesticus, ap-
ple weevil, curculio beetle, Otiorhychus 
cribricollis. 

Introduction 
Insect pests in apple orchards that ad-
versely affect the cosmetics of fruit are 

particularly important to control because 
the consumer demands a product that is of 
high aesthetic quality (Hoyt and Tanigoshi 
1983). Three weevil species (Coleoptera: 
Curculionidae) are recognized as pests in 
the Western Australian apple orchard sys-
tem, namely Otiorhynchus cribricollis Gyl-
lenhal (apple weevil), Phlyctinus callosus 
Boheman (garden weevil) and Asynonychus 
cervinus (Boheman) (Fuller’s rose weevil). 
All cause direct and/or indirect injury to 
the tree and the fruit (Anon. 2002a, 2002b, 
Barnes and Knipe 1991, Learmonth 2000). 
Adult apple weevils are considered by 
south-western Australian apple growers 
to be the one of the greatest weevil pests 
in apples (Learmonth 2000), because they 
are the most abundant species and cause 
direct injury by ringbarking fruit stalks 
and feeding on fruit. 

In Western Australia, pest weevils in 
the orchard system have been typically 
controlled with insecticides (Salisbury 
2005). A shift towards integrated pest 
management (IPM) in the apple orchard 
has reduced the dependence on chemical 
controls (MacHardy 2000) but alternative 
methods of control for pest weevils are 
yet to be proven effective and economical. 
Many studies have examined the use of 
domestic fowl as a means of insect control 
across a range of crop types (see review by 
Mols and Visser 2002). In the south-west 
of Western Australia, Learmonth (2000) 
evaluated the impact of chickens (Gallus 
domesticus), turkeys (Meleagris gallopavo) 
and guinea fowl (Numida meleagris) on gar-
den weevil. Learmonth concluded that all 
three species of birds were able to reduce 
garden weevil populations and decrease 
damage to foliage and fruit compared to 
no control. Guinea fowl were found not to 
signifi cantly reduce apple weevil numbers 
in a cherry orchard (Learmonth 2000). But 
no studies have been conducted to evalu-
ate the effectiveness of chickens on apple 
weevil populations in apple orchards. The 
fi rst aim of our study was to evaluate the 
effectiveness of chickens on the numbers 
of apple weevils and apple yield in an or-
chard relative to insecticide application or 
where no control measures were used. 

Monitoring is an important aspect of 
IPM. Monitoring allows growers to cor-
rectly time control measures. But monitor-
ing itself can be a costly and time intensive 
activity. By establishing and understand-
ing the seasonal movement of a pest, 
growers can limit monitoring to a selected 
time window, while still maintaining vigi-
lance. Apple weevils are thought to follow 
a seasonal pattern of adult movement. Af-
ter emergence from the soil in November/
December the adults appear to re-enter the 
soil in late January/early February and re-
emerge later in February (Andrewartha 
1931, Anon. 2002a). It is thought that the 
adult females return to the soil to lay eggs 
(Anon. 2002a). However, this seasonal pat-
tern is yet to be confi rmed in the south-
western Australian fruit growing regions. 
Therefore, our second aim was to confi rm 
the seasonal population fl uctuations of 
adult apple weevil with the expectation 
that the adult population will be signifi -
cantly higher in late spring, with a decline 
during January/February. After this de-
cline it is expected that the population will 
increase again from middle to late Febru-
ary before declining to very low levels by 
April.

Methods
This study was comprised of two parts. 
The fi rst part consisted of an experiment 
conducted on a single property. This ex-
periment compared the effect of two con-
trol treatments (insecticide application 
and free-range chickens) and an untreated 
control on the numbers of apple weevils 
collected from monitoring bands placed 
in the trunk and canopy of apple trees. 
The second part of the study measured 
apple weevil numbers on fi ve properties 
in south-western Australia to evaluate 
the seasonal fl uctuations of apple weevil 
populations. 

Comparison of control methods
Study site   This experiment was carried 
out on a property (Capel River 1) along 
the Capel River in the south-west of West-
ern Australia (33°38’39’’S 115°42’09’’E). 
The orchard consisted of 11 year old Pink 
Lady™ trees planted adjacent to 20 year 
old Pink Lady apple trees, Navel and Va-
lencia orange trees, old orchard ground 
and pasture. 

The orchard was historically operated 
under a combination of conventional and 
sustainable farming practices. The use of 
chemicals was minimized and alternatives 
to insecticides were used when available 
and appropriate. Free-range domestic 
chickens (G. domesticus) and domestic 
Khaki Campbell ducks (Anas platyrhyncha) 
were an established part of the orchard 
management system. The birds had ac-
cess to the orchard for approximately ten 
to eleven hours a day and were housed 
overnight in fox-proof pens. The chickens 
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ranged at a density of approximately ten 
birds per hectare and the ducks at approxi-
mately one and a half birds per hectare. 
The orchard was under trickle irrigation. 
Ground cover consisted of annual and 
perennial weed species as well as some 
clovers and medics.

The average temperature range for De-
cember 2004, January 2005 and February 
2005 was 13.1–30.2°C, 14.0–30.8°C, 14.3–
29.7°C respectively. Total monthly rainfall 
values for Capel River 1 were 0.2 mm, 0 
mm and 4.4 mm respectively. These values 
were below the average of 8–10 mm, 4–6 
mm and 10–12 mm. 

Experimental set-up   Five areas (blocks) 
were set up within the 11 year old Pink 
Lady apple trees. Blocks were 36 m long 
× 2 m wide and contained 18 trees in a 
line. This width allowed normal orchard 
practices to continue without interference. 
Within each block, three pens 18 m long 
× 2 m wide were constructed using 1.5 m 
high chicken wire and steel pickets. Each 
pen enclosed 6 trees planted at 3 m spac-
ing, with a total area of 36 m2. Each pen 
was randomly assigned one of the follow-
ing treatments: chickens, insecticide or an 
untreated control. Pens were erected on 2 
January 2005. 

Beginning on 5 January 2005, two adult 
hens were placed in the chicken only 
treatment pens for ten to eleven hours 
each day. Therefore, there were two hens 
per 36 m2. This is equivalent to approxi-
mately 500 birds ha−1, giving a high chance 
demonstrating the birds’ effect on weevil 
numbers. The hens had access to fresh wa-
ter and were supplemented with a small 
amount of grain feed in the evening. The 
hens were removed from the pens each 
evening and housed with the rest of the 
fl ock (a total of 40 birds). Hens were ran-
domly selected from the fl ock each morn-
ing and randomly allocated to the chicken 
only pens. 

In the insecticide plots, one application 
of azinphos-methyl as Gusathion 200™ at 
480 g ha−1 was applied as a foliar spray 
on the 14 January 2005. A Jen-ell® airblast 
sprayer fi tted with Albuz® ATR 80° hol-
low cone nozzles in blue was used at 9 
bars of pressure for the application. The 
insecticide was applied to all the apple 
trees in the orchard except for those under 
the chicken only treatment or untreated 
plots. No other insecticides applied dur-
ing the study period were known to have 
signifi cantly affected the weevils. The un-
treated plots received no insecticide ap-
plication and no chickens were included 
in the pen.

The fi rst weevil sample was collected 
on the 12 January 2005 and weekly there-
after for seven weeks on the 19th and 26th 
of January, and the 2nd, 9th, 16th and 23rd 
of February 2005. The numbers of apple 
weevil were monitored using single faced 

corrugated cardboard bands placed at two 
positions on the tree – trunk and canopy. 
Each band was 10 cm wide and had a 
length greater than the circumference of 
the tree to allow overlap of the ends. The 
band was secured by hook and loop Velcro 
affi xed to either side of the band at the 
end of the strip. There was no glue, lure or 
other trapping material (Learmonth 2000). 
Bands were placed on two trees in each of 
the pens. The bands were checked once a 
week, the captured weevils removed and 
the bands placed on different trees. The 
bands were reused. 

To evaluate the possible effect of treat-
ment on apple yield, 100 pieces of fruit 
were randomly harvested from each treat-
ment within each block on the 28 April 
2005. Each apple was weighed (g) and 
scored for weevil feeding damage. Apple 
stems were scored as either not damaged 
or some evidence of damage. Evidence 
of damage was determined by the pres-
ence of scars on the stem which are likely 
caused by apple weevil. 

Statistical analysis   The effect of treat-
ment (untreated control, chickens or insec-
ticide) and location of the monitoring band 
(trunk or canopy) on the relative number 
of adult apple weevils was analyzed with 
a two-way repeated measures analysis of 
variance (ANOVA) including blocking. 
The data was square root transformed to 
meet the assumptions of normality (Gen-
stat 8th ed. 2005) and back transformed for 
graphical representation. Least signifi cant 
difference values with a confi dence inter-
val of 5% were used to determine signifi -
cant differences among the means. 

The effect of treatment on mean ap-
ple weight was analyzed with a one-way 
ANOVA with blocking. The infl uence of 
treatments on the number of stems dam-
aged by apple weevil was compared using 
a 2 × 3 contingency table chi-squared test 
of homogeneity. 

Monitoring population fl uctuations
Study sites   Five properties producing 
Pink Lady apples were selected in the 
Capel/Donnybrook region of south-west 
Western Australia. Each property was 
privately owned and managed. Selection 
was based on a history of apple weevil 
infestation at levels that required control. 
The properties ranged from 1 km to 14 km 
apart. Capel River 1 (CR1) was the same 
property used in the control measures ex-
periment and is described above. How-
ever, the area used in the monitoring study 
was not the same area used in the com-
parison of control methods experiment 
(described above). Capel River 2 (CR2) 
was 1 km south west from Capel River 
1 (CR1) and is a property of mixed Pink 
Lady/wine grape/beef production. Capel 
River 3 (CR3) is 3 km north-west from CR1 
and is a property dedicated to Pink Lady 

production. The trees here are approxi-
mately 10 years old. Upper Capel 1 (UC1) 
is a mixed fruit/beef property and is ap-
proximately 12 km north east from CR1. 
Citrus and a variety of apples are grown 
here, with some Pink Lady trees more than 
15 years old. Upper Capel 2 (UC2) is 13 km 
east from CR1 and is mixed pome/stone 
fruit production, with Pink Lady tree age 
ranging from 5 to 10+ years. All property 
managers aim to minimize the amount of 
pesticides used and the managers of CR1 
and UC1 are actively involved in alterna-
tive programs that promote sustainability 
(e.g. use of chickens and non-chemical 
means of control such as cayenne pepper 
sprays). All properties except CR3 nor-
mally monitor for weevil. The property 
managers use some pesticides during the 
season. The timing of pesticide application 
is based on monitoring which identifi es 
whether and when weevils become dam-
aging. UC1 is the only property that did 
not use chemical pesticides for control of 
weevils during the 2004/2005 season. 

Monitoring set-up and data collec-
tion   Within a single orchard on each 
property fi ve sites were selected except at 
UC2 where only four sites were chosen. 
Within each site a pair of adjacent trees 
was chosen for monitoring. For each pair 
of trees, single faced corrugated card-
board monitoring bands were placed on 
the trunk of one tree and in the canopy 
(lower and upper) of the other tree. The 
bands were placed on the fi rst fi ve pairs 
of trees at each of the fi ve properties on 17 
October 2004. They were removed on the 
30 October 2004 and the weevils count-
ed. The same bands were then placed on 
another pair of trees at the same site for 
each of the sites at each property. These 
remained on the trees for two weeks and 
were then removed, the weevils counted 
and bands were placed on another pair of 
trees. This fortnightly sampling continued 
until 19 February 2005. CR1, CR2 and CR3 
were monitored for a further two months, 
once a month. Monitoring ceased on the 16 
April when no signifi cant weevil numbers 
had been recorded. 

Statistical analysis   The number of apple 
weevil collected in the upper and lower 
canopy bands of each tree were combined 
together to establish a mean number of 
apple weevil found in the canopy. The 
change in relative adult apple weevil 
numbers in the canopy and trunk bands of 
the apple trees at each property over time 
was analyzed with a two-way repeated 
measures ANOVA. Only data for the dates 
in which all properties were sampled were 
included in the analysis (17 October 2004 
to 19 February 2005). The data was square 
root transformed to meet the assump-
tions of normality (Genstat 8th ed, 2005) 
and was back-transformed for graphical 
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representation. Least signifi cant difference 
values with a confi dence interval of 5% 
were used to determine signifi cant differ-
ences among mean values.

Results
Comparison of control methods
The method of control had a signifi cant im-
pact on mean number of adult weevils in 
the monitoring bands (Table 1). The mean 
number of apple weevil adults found on 
trees varied signifi cantly over time (Table 
1, Figure 1). In those areas where chickens 
had access the mean number of weevils 
was generally lower (0.380 ± 0.107) than 
the number of weevils on trees treated with 
insecticide (1.714 ± 0.161) and untreated 
plots (2.068 ± 0.161 apple weevils) (Table 
1). However, the only signifi cant differ-
ences in apple weevil numbers were be-
tween chicken and insecticide and control 
on the 12 January; chicken and control on 
the 19 January and 23 February (Figure 1, 
LSD α = 0.05). At all other sampling dates 
there were no signifi cant differences in the 
numbers of apple weevils in the insecti-
cide, chicken and untreated plots. There 
was no difference in the mean number of 
weevils found in the monitoring bands 
placed in the canopy or on the trunk of 
the tree (Table 1). 

Mean apple weight varied from an 
average of 152.3 ± 1.042 g in the chicken 
treatment to 154.4 ± 1.003 g in the insec-
ticide treatment but was not signifi cantly 
infl uenced by the method of control (F2, 

1493 = 1.64, P-value = 0.19). The number of 
damaged stems was not infl uenced by the 
method of control (χ2

2 = 0.14; P-value = 
0.932). 

Monitoring population fl uctuations
Across all the properties, there was a 
greater number of apple weevil collected 
in trunk bands (0.71 ± 0.081) than in bands 
placed in the canopy (0.34 ± 0.063) (Table 
2). The average number of apple weevils 
found in monitoring bands across all the 
properties changed signifi cantly over the 
sample period (Table 2). Generally, apple 
weevil numbers were relatively low in 
late spring (Oct–Nov) and began to rise 
in early summer (Nov–Dec). There was 
a dramatic increase in numbers in early 
to mid-December followed by a decline 
in January. There was a small increase in 
February and a decline to very low popu-
lations by April. Two properties however 
were not monitored beyond the February 
peak. This general pattern varied to some 
degree on the different properties (Figure 
2, Table 2). Over the monitoring period, 
the number of apple weevils on CR1 and 
CR3 was consistently lower than the other 
properties. The number of apple weevils 
in December was much higher at UC2 and 
UC1 than the other properties. 

Table 1. Two-way repeated measures ANOVA for numbers of O. cribricollis 
adults (square root transformed) found in trunk and canopy monitoring 
bands on apple trees where either insecticide was sprayed, chickens had 
access or an untreated control.
Source of variation d.f. s.s. m.s. v.r. F pr.
Block 4 26.3589 6.5897 2.23

Treatment 2 27.3002 13.6501 4.62 0.022
Band 1 1.1011 1.1011 0.37 0.548
Treatment.Band 2 2.0129 1.0064 0.34 0.715
Residual 20 59.1082 2.9554 4.01

Time 6 72.8194 12.1366 16.45 <.001
Time.Treatment 12 21.3550 1.7796 2.41 0.020
Time.Band 6 4.3304 0.7217 0.98 0.424
Time.Treatment.Band 12 12.2653 1.0221 1.39 0.212
Residual 144 106.2529 0.7379

Total 209 332.9044

Table 2. Two-way repeated measures ANOVA for numbers of O. cribricollis 
adults (square root transformed) found in trunk and canopy monitoring 
bands on apple trees at fi ve different properties in south-western Australia.
Source of variation d.f. s.s. m.s. v.r. F pr.
Band 1 8.7730 8.7730 5.99 0.019
Property 4 69.0942 17.2735 11.79 <.001
Band.Property 4 6.7416 1.6854 1.15 0.348
Residual 38 55.6665 1.4649 1.89

Time 8 118.6962 14.8370 19.19 <.001
Time.Band 8 6.7686 0.8461 1.09 0.365
Time.Property 32 66.1497 2.0672 2.67 <.001
Time.Band.Property 32 34.5067 1.0783 1.39 0.131
Residual 304 235.0200 0.7731

Total 431 601.4165

Figure 1. Mean number of adult apple weevil in monitoring bands placed 
on the trunks of experimental apple trees over a two month period where 
either chickens were allowed access to the orchard fl oor around the apple 
trees, trees were treated with insecticide (at the time shown) and a third 
series were untreated. Vertical bars indicate standard error of the mean for 
each treatment on each sampling occasion.
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Discussion
Comparison of control methods
Our data indicates that chickens have the 
ability to actively forage in the soil for adult 
apple weevil and were able to reduce ap-
ple weevil numbers and maintain them at 
a low level throughout the monitoring pe-
riod. Guinea fowl are known to consume 
garden weevil but have not reduced either 
garden weevil (Witt et al. 1995) or apple 
weevil (Learmonth 2000) numbers in fruit 
orchards. The chickens used in our study 
were an existing part of the orchard man-
agement system and had been active in the 
orchard for approximately two years. We 
postulate that the birds used in this study 
may be better able to recognize adult ap-
ple weevils as a potential food source than 
the naïve guinea fowl, chickens or turkeys 
used in the other studies. These results 
suggest that chickens could be included 
in the orchard system as part of a greater 
pest management program. The effect that 
these vertebrate predators have on other 
pest insects, beneficial insects, soil or-
ganic matter and ground cover (including 
weeds) has not been extensively studied, 
but they appear to be compatible with the 
dynamics of the operations involved with 
orchards. 

It is notable that irrespective of the 
management practice used, the average 
number of apple weevil detected de-
creased from 12 January to 19 January, 
coinciding with the seasonal population 
decrease from 8 January to 22 January. 
The plots, where no control method was 
used, followed this pattern rather closely. 
In the insecticide treatment, it was ex-
pected that the weevil population would 
decrease once the insecticide was applied, 
which it did but then increased again in 

mid-February. It is notable that there was 
not a sharp decrease in plots with chick-
ens, as the apple weevil population was 
low in all plots. Therefore it may be that 
chickens are able to maintain a population 
at a level where the damage they cause can 
be tolerated by growers. 

Although the apple weevil population 
was not monitored before the treatments 
were introduced (that is, there is no be-
fore treatment comparison recorded), the 
experiment was run within the same or-
chard. This reduces the possibility that the 
differences seen among treatments are a 
result of external factors that could be en-
countered if the experiment were to be run 
across different orchards. The soil type, 
fertilizer regime, irrigation routine (soil 
moisture), ground cover, could possibly 
infl uence apple weevil numbers but these 
factors were uniform in the experimental 
area of the orchard. 

Monitoring of population fl uctuations
The proposed pattern of adult apple wee-
vil movement in the south-west was estab-
lished by monitoring the habits of the wee-
vil over the period in which weevils are 
active above ground. In Western Australia 
the expected time of emergence for ap-
ple weevil is mid-November to early De-
cember (Andrewartha 1931, Anon. 2002a, 
Learmonth 2000). In our study apple wee-
vil were found earlier, in late October but 
numbers around this time are relatively 
low compared to the numbers found in 
late November and early December. The 
early weevils could be over-wintering 
adults from the previous generation with 
the true emergence of the next generation 
(i.e. over-wintering larvae) occurring later 

contributing to the November/December 
rise. 

Andrewartha (1931, 1933) reported 
a ‘long quiescent spell’ from the end of 
December to the beginning of February 
where the apple weevil did not feed but 
could be found in the soil around the base 
of the trees. A decline in weevil numbers 
was observed in the seasonal monitor-
ing from early January to early February. 
However, the number of weevil present 
in the trees rose in February and this was 
not reported by Andrewartha. Learmonth 
(2004, personal communication) had ob-
served such an increase similar to ours. 
This study would have to be repeated over 
consecutive seasons to confi rm if this pat-
tern occurs every year. 

Apple weevil counts from bands at dif-
ferent positions in the tree suggest that 
during the period of above-ground activi-
ty apple weevils repeatedly move between 
the canopy and the ground. However, this 
difference, noted in the monitoring study 
was not found in the comparison of con-
trol measures experiment. The nocturnal 
feeding habit of the apple weevil forces 
them to seek refuge during the day and it 
is generally thought that they do this in the 
soil at the base of the tree (Andrewartha 
1931, Anon. 2002a). If they spend time on 
the ground during the day, this makes the 
adult weevils more vulnerable to preda-
tion by chickens. However the daily activ-
ity pattern could only be confi rmed with 
further study. 

The differences in weevil numbers at 
each of the properties are probably related 
to the variation in weevil management 
practices and the diverse abiotic and biotic 
conditions found at each of the proper-
ties. Growers involved in the monitoring 
portion of this study used one or a com-
bination of control methods: insecticides 
– timed with monitoring and by time of 
year, chickens, cayenne pepper and no 
control. Despite the variation in the man-
agement practices a similar temporal pat-
tern of apple weevil activity is apparent at 
all properties.

Conclusion
It is evident from our study that adult ap-
ple weevil does follow a pattern of activ-
ity over time. Furthermore, this study has 
established that there is real potential for 
the use of chickens as vertebrate preda-
tors of apple weevil in apple orchards. If 
growers are able to combine the use of 
chickens with monitoring for apple wee-
vil at key times throughout the year they 
will be capable of detecting population in-
creases within the orchard that the chick-
ens are unable to control. If insecticides 
are reserved for when and if this occurs, 
the use of insecticides could be signifi -
cantly reduced. Further study is required 
to evaluate the compatibility of these two 
management tactics. 

Figure 2. Mean number of adult apple weevil at each of the properties 
sampled over the monitoring period from 30 October 2004 to 16 April 2005. 
Vertical bars indicate standard error of the mean for each treatment on each 
sampling occasion.
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