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Summary
Effectiveness of ‘Grain 96-1’, a methyl 
anthranilate (methyl 2-aminobenzonate, 
MA) based bird repellent, was examined 
to quantify the reduction in consumption 
of treated oats. Field trials at Horsham, 
Victoria, demonstrated more birds, 
mainly Long-billed Corellas (Cacatua 
tenuirostris), were observed feeding on 
untreated compared to treated (0.4% and 
0.8% w/w MA) oats. However, there was 
no significant difference in the quantity 
of 0.4% (w/w) MA treated oats consumed 
by birds compared to untreated. Treat-
ment of oats at a higher concentration 
(0.8% w/w MA) significantly reduced 
the quantity consumed (t = 15.97, d.f. = 3, 
P<0.001) compared with untreated oats. 
Relationship of bird behaviour to the 
effectiveness of methyl anthranilate as a 
bird repellent is discussed.

Introduction
Long-billed Corellas (Cacatua tenuirostris), 
although native, are regarded as pests by 
cereal growers, particularly in the Wim-
mera region of Victoria (Environment 
and Natural Resources Committee 1995, 
Waples et al. 2000). Birds are attracted to 
paddocks of germinating grain and their 
foraging causes damage leading to exten-
sive financial losses for growers (Emison 
et al. 1994). Estimates of crop loss in the re-
gion varied from $11 to $546 ha-1 (average 
$292 ha-1) (Environment and Natural Re-
sources Committee 1995). Venn (1986), in 
an earlier survey in the Horsham region, 
estimated bird damage for wheat ($13 
ha-1), oats ($13.20 ha-1) and barley ($22.50 
ha-1). Growers currently use a wide range 
of damage control measures but with 
limited success (Venn 1986, Environment 
and Natural Resources Committee 1995, 
Bomford and Sinclair 2002). 

Avian chemical deterrents appear a 
useful option for broad scale farming 
but need to be economically, socially and 
environmentally acceptable (Norton 1988, 
Waples et al. 2000). Temby (1990) reviewed 
tests on aversive chemicals in Australia 
and concluded that none were reliable for 
a range of crops and conditions. 

The bird repellent properties of methyl 
anthranilate (methyl 2-aminobenzonate, 
MA) have been known since the 1960s 
and overseas studies have shown it to be 
a suitable, effective and environmentally 
safe avian repellent (Mason et al. 1985, 
1989, 1991, 1993, Cummings et al. 1992, 
1995, 1998, Holden 1994, Avery et al. 1995, 
1996, Belant et al. 1995, 1996). Although 
di-methyl, methyl, isobutyl, ethyl and 
isobutyl methyl anthranilate are effective 
bird repellents, MA is preferred because 
it is considered the least expensive. MA 
is a natural component of many essen-
tial oils, for example oranges, bergamot, 
lemon, mandarin, tuberose, gardenia 
and champaca, and occurs naturally in 
several grape varieties derived from Vitus 
labrusca (Staples et al. 1998). Reasons for 
avian aversion to MA are varied. Links 
have been made been between MA and 
the smell of musteliid species which prey 
on birds (Staples et al. 1998). Mason et al. 
(1989) suggests that olfacation and nasal 
trigeminal chemoreception underlie avian 
aversion to MA.

In Australia, Sinclair and Campbell 
(1995) demonstrated in cage trials that 
MA deterred Long-billed Corellas from 
feeding on treated oats when alterna-
tive food sources were available. Caged 
birds, however, may respond differently 
to free-living birds. This study compared 
the efficacy of an MA based bird repellent 
(‘Grain 96-1’) in field trials using treated 
and untreated oats. 

Materials and methods
The experiment compared the quantity of 
methyl anthranilate (MA) treated and un-
treated oats (Avena sativa) taken by birds 
during 24 h trials at two sites. Two experi-
mental sites were selected 2.5 km apart 
near Horsham, western Victoria (36° 43’ 
S, 142° 12’ E). Sites were Horsham Show-
grounds (‘Showgrounds’) and beside the 
Wimmera River (‘Riverside’). Long-billed 
Corellas were known to feed irregularly at 
these sites, which were open grassed areas 
within urban habitats. To disperse feeding 
activity over each site nine replicate plots 
were established in a regular pattern. Each 
plot consisted of a pair of brown hessian 

mats (3.0 × 1.2 m), approximately 5 m 
apart on which oats (treated or untreated) 
were placed. Plots were at least 20 m 
apart. Allocation of treated and untreated 
oats on respective mats was alternated 
after each 24 h trial to reduce any learned 
positional bias in the experimental design. 
To estimate loss of oats from causes other 
than birds a control was established that 
consisted of 300 g of untreated oats on a 
hessian mat enclosed in bird proof wire 
mesh. The control was within 70 m of the 
nine plots and the grain was weighed and 
changed daily. 

The experiment was undertaken at 
both sites simultaneously from 1 to 13 
July 1996. There were five days of free 
feeding (1–5 July) with 300 g of untreated 
oats placed on every hessian mat at 8.00 
am. The weight of oats remaining on each 
mat was recorded after 24 h. Free feeding 
was used to attract birds to the sites and 
habituate them to feeding on the mats. Af-
ter a one day interval (6 July) of no feeding 
there were three days of trials (7–9 July) 
with 300 g of 0.4% (w/w) MA treated oats 
and 300 g of untreated oats per each pair 
of hessian mats. A further one day (10 July) 
of no trial was followed by three days of 
trials (11–13 July) with 300 g of 0.8% (w/
w) MA treated oats and 300 g of untreated 
oats per each pair of hessian mats. Con-
centrations of MA were chosen based on 
comparative studies of Australian birds 
(Sinclair and Campbell 1995). 

Oats were treated with ‘Grain 96-1’ 
(a prototype MA based repellent pro-
vided by Applied Biotechnologies P/L). 
‘Grain 96-1’ had 16.4% MA by weight 
and contained extender, surfactant and 
solubilizing agents but no preservative. 
The two dosage rates were 240 g and 480 
g of ‘Grain 96-1’ to each 10 kg of oats with 
resultant concentration of 0.4% (w/w) MA 
and 0.8% (w/w) MA. Treated oats were 
batch mixed daily as required. Where 
necessary arcsine transformations of data 
were undertaken on the proportions of 
oats consumed (Sokal and Rohlf 1995).

Observations of birds feeding were 
made with the aid of a KOWA™ 25X 
telescope and the observer was located 
in a hide approximately 75 m from birds 
at ‘Showgrounds’ and 50 m at ‘River-
side’. Mats were scanned at five minute 
intervals to record species’ abundance 
during free feeding and MA treatment 
trials (Martin and Bateson 1986). Statisti-
cal analysis (t-test) was undertaken using 
Microsoft Excel™ and 50% probability test 
(χ2) (Langley 1979). 

Results
Free feeding
At ‘Showgrounds’ the quantity of oats 
consumed during pre-feeding trials var-
ied considerably (Figure 1). Over the five 
days of free feeding 73.3% of all mats (n 
= 90) had all the oats (300 g) consumed 
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within each 24 hour period. Not all the 
oats available were consumed on days 
three and four (Figure 1). At ‘Riverside’ 
all oats were consumed every day of the 
five days of free feeding (Figure 2). The 
difference in quantity of oats consumed 
daily between sites was not significant (t 
= 1.62, d.f. = 4, P = 0.09). 

Bird observations
Time spent scanning mats and recording 
bird abundance is presented in Table 1. 
Due to the variability in the time spent 
observing birds feeding at different sites 
detailed analysis of bird abundance was 
not warranted. Long-billed Corella (Caca-
tua tenuirostris), Crested Pigeon (Ocyphaps 
lophotes), Red-rumped Parrot (Psephotus 
haematonotus), Australian Magpie (Gym-
norhina tibicen), Magpie-lark (Grallina 
cyanoleuca) and Purple Swamphen (Por-
phyrio porphyrio) were observed feeding 
on sites. Long-billed Corella was the most 
abundant species (92%) feeding at both 
sites (Table 2) with significantly more 
Long-billed Corellas observed feeding on 
untreated oats compared with 0.4% (w/w) 
MA treated (χ2 = 102.6, d.f. = 1, P = <0.001) 
and 0.8% (w/w) MA treated (χ2 = 135.2, d.f. 
= 1, P = <0.001) oats respectively. 

Treated oats consumption
At ‘Showgrounds’ all the 0.4% (w/w) MA 
treated and untreated oats (5400 g day-1) 
was consumed on each of three trial days 
(Figure 1). At ‘Riverside’ less 0.4% (w/w) 
MA treated oats (mean mass consumed 
per day = 454.0 g, SD ± 878.7, n = 3) was 
consumed compared to untreated oats 
(mean mass consumed per day = 1403.3 g, 
SD ± 1211.6, n = 3) (Figure 2). On the first 
day of the 0.4% (w/w) trial at ‘Riverside’ 
no treated oats and only 300 g (11%) of the 
untreated oats available were consumed 
(Figure 2). Consumption of oats at ‘Riv-
erside’ increased on the second and third 
days of the trial (Figure 2). When the total 
quantity of oats consumed over the three 
days for both sites was combined there 
was no significant difference between 
0.4% (w/w) MA treated and untreated 
oats (t = 0.28, d.f. = 4, P = 0.40); (Figure 
3). There was no significant difference 
between sites in the quantity of treated  
(t = 1.22, d.f. = 2, P = 0.34) or untreated oats  
(t = 1.56, d.f. = 2, P = 0.26) consumed. 

When the concentration of methyl an-
thranilate was increased to 0.8% (w/w) 
MA less oats were consumed at both sites 
(Figure 3). At ‘Showgrounds’ the mean 
weight of 0.8% (w/w) MA treated oats con-
sumed per day was 616.7 g (SD ± 230.7) 
compared to 2113.3 g (SD ± 420.2) of un-
treated oats. At ‘Riverside’ mean weight 
per day of 0.8% (w/w) MA treated oats 
consumed was 376.7 g (SD ± 194.3) com-
pared to 1766.7 g (SD ± 140.1) of untreated 
oats. There was no significant difference 
between sites in the quantity of treated  

Figure 2. Mass of treated and untreated oats consumed at ‘Riverside’ during 
free-feeding and ‘Grain 96-1’ trials. No oats were available on day 6 and 10.

Figure 1. Mass of treated and untreated oats consumed at ‘Showgrounds’ 
during free-feeding and ‘Grain 96-1’ trials. No oats were available on day 6 
and 10.

(t = 0.87, d.f. = 3, P = 0.45) or untreated oats 
(t = 1.34, d.f. = 3, P = 0.27) consumed. When 
data from the two sites were combined for 
the 0.8% (w/w) MA treatment, there was 
significantly less treated oats consumed  
(t = 15.97, d.f. = 3, P < 0.001) (Figure 3). 
There was no significant difference in 
the quantity of oats consumed per day 
between sites for the entire eleven days of 
experiment (t = 0.86, d.f. = 14, P = 0.20). 

Effect of the duration of trials 
At ‘Showgrounds’ (Figure 1) there was 
no reduction in oats consumption follow-
ing the break (day 6) in food availability 
between free feeding and the 0.4% (w/w) 

MA trial. There was less consumption 
of both treated (67% reduction) and 
untreated (37% reduction) oats after the 
break (day 8) in food availability between 
the 0.4% (w/w) MA and 0.8% (w/w) MA 
trials. During the 0.8% (w/w) MA trial, the 
quantity of untreated oats consumed each 
day increased during the three days with 
a reduction in the quantity of treated oats 
consumed from day one to day two and 
then a slight increase for day three. During 
the 0.8% (w/w) MA trial the total quantity 
of oats (treated and untreated) consumed 
each day was similar (mean = 2730 g, SD ± 
286.2) but was only 50.6% of the total oats 
available. 
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At ‘Riverside’ there was a 94% reduc-
tion in consumption following the one 
day break in food availability between free 
feeding (day 5) and 0.4% (w/w) MA trial 
(day 7) and a 61.3% reduction in consump-
tion between the 0.4% (w/w) MA (day 9) 
and 0.8% (w/w) MA trials (day 11) (Figure 
3). There was an increase in the quantity of 
treated and untreated oats consumed per 
day during the 0.4% (w/w) MA trial. Over 
the three days 47% of oats available was 
consumed. For the 0.8% (w/w) MA trial 
the quantity of treated oats consumed per 
day decreased in contrast to increased con-
sumption of untreated oats. Over the three 
days at the higher concentration 39.7% of 
all oats available was consumed. 

Discussion 
The results should be treated with some 
caution, as these were pilot studies of 
‘Grain 96-1’. Although attempts were 
made to ensure independence between 
the two sites there was a possibility that 
the same birds fed at both sites. As this 
may have been the situation and there was 
no significant difference in the quantity of 
oats consumed between the sites, results 
were combined (Figure 3).

Combined data showed that only the 
higher concentration of MA was an ef-
fective bird repellent. There was a reduc-
tion in consumption of both treated and 
untreated oats, demonstrating a repellent 
effect on both treated and untreated oats. 
The effectiveness of a bird repellent should 
increase when untreated food is available 
(Sinclair and Campbell 1995) and there are 
advantages in reducing overall bird dam-
age if birds learn to associate the repellent 
with local food availability, whether or not 
it was treated.

The sequence of testing ‘Grain 96-1’ 
concentrations, with the lower concen-
tration of MA presented first, may have 
affected results. Birds were quickly able 
to locate and consume oats on the first 
day of the free feed (Figures 1, 2 and 3). If 
the same birds were feeding on both sites, 
reduction in oats consumption of the later 
0.8% (w/w) MA treated oats trial, may 
have been due to birds being satiated from 
the previous eight days of food availabil-
ity. At ‘Showgrounds’ there was a lower 
consumption rate (days three and four) 
during free feeding followed by maximum 
consumption during the subsequent days 
of the 0.4% (w/w) MA trial (Figure 1). This 
may have indicated that the population of 
local birds was not satiated with the quan-
tity of food available each day. 

Only at ‘Riverside’, after the one-day 
break (day 6) between free feeding and 
0.4% (w/w) MA trial, was there a reduc-
tion in oats consumption attributed to the 
repellent effect of MA. Consumption rates 
per day at ‘Riverside’ rose as the 0.4% 
(w/w) MA trial continued because birds 
may have become more tolerant of their  

Table 1. Timing of scan sampling and number of scans at each site. Day 
relates to free-feeding (Day 1–5); 0.4% (w/w/) MA trial (Day 7–9); 0.8% (w/w) 
MA trial (Day 11–13).
Treatment Site Day Time of  Number of  Number of 
   observation scans per mat mats observed

Free-feed ‘Showgrounds’ 1 09.05–17.00 96 18
  2 14.05–17.35 43 18
  3 13.45–17.40 47 18
  4 13.05–17.00 48 18
 ‘Riverside’  2 08.55–13.50 60 18
  3 08.35–13.30 59 18
  4 08.35–11.00 30 18

0.4% (w/w)  ‘Showgrounds’ 7 09.05–17.40 104 9
MA treated  9 08.35–11.00 62 9
 ‘Riverside’ 8 09.05–17.45 105 9

Untreated ‘Showgrounds’ 7 09.05–17.40 104 9
  9 08.35–11.00 62 9
 ‘Riverside’ 8 09.05–17.45 105 9

0.8% (w/w)  ‘Riverside’ 11 08.35–16.25 104 9
MA treated

Untreated  11 08.35–16.25 104 9

Table 2. Number of birds observed feeding during scans of free feeding and 
MA trials at both ‘Showgrounds’ and ‘Riverside’ sites.
Species Total number of birds observed  
 feeding during all trials 

Long-billed Corella (Cacatua tenuirostris) 6951
Crested Pigeon (Ocyphaps lophotes) 273
Red-rumped Parrot (Psephotus haematonotus)  214
Australian Magpie (Gymnorhina tibicen)  15
Magpie-lark (Grallina cyanoleuca) 1
Purple Swamphen (Porphyrio porphyrio) 127

Total  7581

Figure 3. Quantity of treated and untreated oats consumed at ‘Riverside’ 
and ‘Showgrounds’ combined during free-feeding and ‘Grain 96-1’ trials. 
No oats were available on day 6 and 10. 
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distaste of MA due a lack of alternative 
food sources. The break in offering food 
for only one day may have resulted in 
birds foraging elsewhere and subsequent-
ly delaying their return to the site. In-
creased consumption over the three days 
of the 0.4% (w/w) trial may have been due 
to more birds locating the experimental 
food source. When data from both sites 
were combined there was an initial reduc-
tion of consumption of the 0.4% (w/w) MA 
trial but later in this trial this effect was 
less (Figure 3). 

At the higher concentration suppres-
sion of consumption was greater than at 
the lower MA concentration (Figure 3). 
A day (day 10) of no food availability at 
both sites may have resulted in birds leav-
ing the area. On their return the effect of 
the 0.8% (w/w) reduced consumption of 
treated and untreated oats. The repellent 
effect of MA on the number of birds forag-
ing at both concentrations demonstrated 
that estimates of the number of birds 
feeding at a location might not provide 
a reliable estimate of the quantity of oats 
consumed.

These results concur with those of Ma-
son et al. (1991) and Sinclair and Campbell 
(1995). Mason et al. (1991) concluded that 
0.4–0.5% MA may represent an effective 
avian feeding deterrent but suggested 
that there may be species specific or social 
factors that diminish responses to MA 
even at concentrations as high as 1.0%. 
Sinclair and Campbell (1995) found in 
cage trials, where untreated food was 
available, Adelaide Rosellas (Platycercus 
elegans) only ate a small quantity of 0.5% 
MA treated seed and a higher concentra-
tion (0.75% MA) was an effective repellent 
for Silvereyes (Zosterops lateralis), Starlings 
(Sturnus vulgaris) and Little Corellas (Ca-
catua sanguinea). Cummings et al. (1992) 
demonstrated that concentrations of 1–2% 
(w/w) MA and di-methyl anthranilate 
were effective as goose and duck feed-
ing repellent. Avery et al. (1995) found 
MA effective in reducing rice consump-
tion by Red-winged Blackbirds (Agelaius 
phoeniceus) at concentrations no lower 
than 2.5% (w/w). They concluded that the 
effectiveness of different concentrations 
of MA was dependent on the type of food 
source treated. In contrast to these experi-
ments demonstrating a repellent effect 
of MA, Avery et al. (1996) found no dif-
ference in the loss of blueberries to birds 
between MA treated and untreated plants 
because, after six days post spraying, the 
concentration of MA was less that 4 ppm. 
Belant et al. (1996) found no effect of MA 
on Canada Geese (Branta canadensis) forag-
ing behaviour. 

The social nature of Long-billed Corel-
las, where feeding birds attract others,  
will influence the effectiveness of any 
chemical repellent. Higher concentra-
tions of a repellent may be required to 

ensure that birds will quickly learn to 
avoid potential food sources. To increase 
the effectiveness of repellents for a social 
bird such as the Long-billed Corella it is 
important that the negative effect is learnt 
quickly and this information communi-
cated to other birds in the area. To enhance 
learning it may be important for birds to 
associate the distaste of repellents with 
some visual cues such as colour (Mason 
and Reidinger 1983); however avoidance 
of green coloured food was not found in 
captive Long-billed Corellas (Jongman et 
al. 2000). 

Although Mason et al. (1985, 1989) 
suggest that methyl anthranilate is an in-
expensive, non-toxic food flavouring we 
advise some caution before there is any 
broad-scale application of MA. Avery et 
al. (1996) reported extensive leaf discolora-
tion on the leaves of blueberries following 
application of an MA based spray and Sta-
ples et al. (1998) suggested that MA may 
be phytotoxic. Therefore, toxicity trials are 
recommended on a range of Australian 
native target and non-target species and 
crops before MA is accepted in Australia 
as a broad scale bird repellent. 
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