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CHAPTERS 

The effect of an insect defensive odour on the 
consumption of a familiar food by New Zealand 

robins (Petroica australis) and novel food by 
domestic chickens ( Gallus domesticus) 

Lynette Hartley, Joseph Waas, Cheryl O'Connor 

Abstract 

106 

There has been considerable research in New Zealand seeking to identify a non­

lethal repellent that will deter birds from eating poisonous baits intended for 

mammalian pests. We investigated whether methyl pyrazine, an insect defensive 

odour, would be useful in deterring birds from baits. The odour is believed to 

deter birds when combined with novel, but not familiar, food and our first 

experiment supported this conclusion. Wild New Zealand robins (Petroica 

australis) were not deterred from mealworms, a familiar food, by the addition of 

methyl pyrazine. Previous researchers have suggested that methyl pyrazine may 

be more effective as a deterrent in combination with some colours (such as red 

and yellow) than other colours. In a second experiment we found that the addition 

of methyl pyrazine to coloured novel food did not alter the colour preferences of 

free-range chickens. Methyl pyrazine did not deter chickens from the coloured 

novel food and we speculate that the distinctiveness or conspicuousness of a novel 

food, rather than novelty per se, may play a role in whether pyrazine is effective as 

a deterrent. More work is needed to see whether methyl pyrazine could be useful 

in deterring native birds from poisonous baits. We also found that a chicken's 

previous experience of another coloured food affected its colour preferences in 

subsequent tests. The implications of these results are discussed in terms of 

poisonous bait design. 
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Introduction 

There has been considerable research in New Zealand seeking to identify a non­

lethal bird repellent that will deter native birds from poisonous baits (Chapter 1). 

A very ( 1997) suggested that repellent researchers should investigate repellents 

based on the signals used in animal communication, such as predator-prey signals. 

Many toxic insects have conspicuous colours, patterns, smells and other 

characteristics that may communicate the toxicity of the insects to predators 

(Schuler and Roper, 1992). Seven spot ladybirds (Cocinella septempunctata), for 

example, are toxic to blue tit nestlings (Parus caeruleus; Marples, Brakefield and 

Cowie, 1989) and have: 1) a distinctive red and black colour pattern, 2) a 

distinctive odour and 3) a bitter taste (Marples, Van Veelen and Brakefield, 1994). 

Because the displays used by toxic insects often confront several of a predator's 

senses at the same time A very ( 1997) suggested that multiple cues presented 

together may be more effective than repellents presented on their own. In support 

of this proposal methyl anthranilate combined with a visual stimuli (calcium 

carbonate) was found to enhance the effectiveness of the repellent methoicarb in 

promoting food avoidance by red winged blackbirds (Agelaius phoeniceus; 

Mason, 1989). 

When a bird encounters a poisonous bait in the wild, the situation is analogous to 

a bird encountering a novel prey. Some prey will be toxic, or otherwise 

unpleasant for birds, while other prey will be edible. A bird must evaluate a 

possible food item from the cues available. We have already investigated the 

influence of one possible cue that birds may use to evaluate novel food, colour. 

We offered three species of birds; chickens (Gallus domesticus, Chapter 2), weka 

(Gallirallus australis, Chapter 3) and New Zealand robins (Petroica australis, 

Chapter 4), novel food in six different colours. All three species showed colour 

preferences, preferring red and yellow novel food to either of the blues offered. In 

the present study we investigated whether the inclusion of additional cues would 

be more effective in deterring birds from novel food than colour alone. 
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A large number of unrelated, toxic and unpalatable insect species have 

independently adopted the same characteristic odours, methyl pyrazines, as 

defensive signals (Rothschild, 1961; Rothschild and Moore, 1987). We 

investigated whether the addition of one of the methyl pyrazines to food would 

reduce the amount of food eaten. The pyrazine we tested is an approved additive 

to foods in the USA (Flavour and Extract Manufacturers Association No. 3433) 

which suggested it may not be deterrent to the target mammals. In addition, it is a 

very powerful and stable odour (Guilford et al., 1987; Rothschild and Moore, 

1987) and therefore may be effective at low concentration and long lasting when 

incorporated into baits. 

This is the first time that the use of methyl pyrazine had been investigated for 

protecting birds from poisons. Methyl pyrazine has two unusual features that 

necessitated preliminary trials to determine what combination of cues were likely 

to produce the most deterrent effects. The first characteristic was that methyl 

pyrazine was not believed to be aversive to birds on its own (Rowe and Guilford, 

1996) but appeared to interact with other aspects of novelty to enhance any 

deterrent effect associated with a novel food (Guilford et al., 1987; Marples and 

Roper, 1996; Rowe and Guilford, 1996). Methyl pyrazine odour, for example, 

had been shown to deter chicks from food but only when the food was dyed to 

make it novel (Marples and Roper, 1996). In order to test whether methyl 

pyrazine was aversive on its own in a New Zealand context, we offered robins a 

familiar food accompanied by methyl pyrazine odour (Experiment 1 ). 

The second unusual characteristic ascribed to methyl pyrazine by some researchers 

was that it may interact with some colours, such as red and yellow, to deter birds 

but not with other colours, such as green (Rowe and Guilford, 1996). Rowe and 

Guilford ( 1996) suggested that red and yellow are common among toxic insects 

because they are 'warning' colours for birds and that green is not a 'warning' 

colour. The status of other colours, such as blue, was not clear and the toxicity of 

insects to birds has not been systematically surveyed and examined for colour 
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associations. We wanted to know which colours reduced consumption by birds 

the most in combination with methyl pyrazine, so we offered free-range domestic 

chickens novel food in six colours with methyl pyrazine (Experiment 2). 

We used free range chickens as a model species in the second experiment because 

we have already shown that they have detectable colour preferences for novel food 

and that these colour preferences were similar to those of, at least some, native 

New Zealand birds. We investigated whether the colour preferences observed 

differed between birds receiving the novel coloured food with pyrazine odour and 

those receiving it without odour. We also examined the colour preferences of 

chickens that received the same coloured food and pyrazine odour in combination 

with a bitter taste to see whether the addition of a third cue affected colour 

preferences or food consumption. From our previous studies we predicted that 

chickens offered plain novel food would prefer red and yellow food to the other 

colours. If pyrazine odour interacts with red and yellow to facilitate a strong 

avoidance of these colours, then birds receiving odour with the food should rank 

red and yellow among their least preferred colours rather than their most preferred. 

Similarly, the birds receiving a bitter taste in addition to the other two components 

would also avoid the red and yellow but the avoidance may be even stronger 

because the birds were receiving an additional deterrent cue, bitterness. 

This study had two main objectives. The first was to investigate the effect on 

consumption by robins of adding pyrazine odour to a familiar food to see whether 

pyrazine itself was aversive to a native New Zealand bird. Because pyrazine was 

believed to interact with novelty our second objective was to investigate whether 

the addition of pyrazine, or pyrazine and bitterness, to novel food altered the 

colour preferences of free-range chickens or deterred them from eating. 
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EXPERIMENT 1: IS PYRAZINE ODOUR AVERSIVE TO WILD ROBINS 

IN ASSOCIATION WITH A FAMILIAR FOOD? 

Methods 

Test birds 

Robins are small, predominantly insectivorous, passerines that generally feed on 

or near the ground. They are territorial year round (Heather and Robertson, 1996). 

The robins we tested were wild birds at Tahae, Pureora Forest Park, Central North 

Island, New Zealand (38°25'S, 35°IO'E). These robins were chosen as they 

present a unique opportunity to test wild birds in a natural environment. They had 

been trained to come to tapping noises made by humans and were regularly fed up 

to 12 mealworm larvae (Tenebrio sp) once or twice a week as part of an ongoing 

unrelated study (Powlesland, Knegtmans and Marshall, 1998). The individuals in 

the experiment were thus very familiar with mealworms but otherwise foraged 

normally in a natural forest environment. 

Test procedure 

The experiment was conducted in June 1998 (austral winter) between 0800 and 

1330 h. Seventeen robins received two training sessions in the two days prior to 

testing. We located individual robins by standing in the middle of each territory 

and tapping the lid of a jar. When a robin appeared, a test area (1 m2) was selected 

that was flat and clear of vegetation. The same test area within each territory was 

used for the entire experiment. During training robins were offered six live 

mealworms. Each mealworm was presented on a square of grey towelling 

measuring 5 x 5 cm. The squares of towelling were arranged an equal distance 

from one another, in a circle with a radius of 40 cm. Initially robins were cautious 

about approaching the towelling squares but, after two training sessions, all robins 

readily ate meal worms off the squares. 

On the evening prior to the test day either 0.2 mL of pyrazine solution or 0.2 mL 

of water was applied to fresh grey towelling squares with a pipette. The towelling 
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squares were then sealed in plastic bags overnight. Pyrazine was obtained in a 

purified form from a commercial supplier (Pyrazine Specialties Inc., Atlanta, 

USA) and was diluted in water to form a 0.0003% solution. This was the same 

concentration which was found to increase the latency with which chicks ate and 

drank in a study by Marples and Roper (1996). Bags containing pyrazine and non­

pyrazine towelling squares were stored separately throughout the trial to prevent 

cross contamination. Similarly, when in the field, one researcher always carried 

and handled pyrazine squares while another always carried and handled the non­

pyrazine squares. 

All robins were tested on the same day which was clear and calm. One mealworm 

was presented on each of six squares of grey towelling as in the training sessions. 

Pyrazine and non-pyrazine towelling squares alternated around the circle with half 

the robins receiving a pyrazine square in the furthest left position and half the 

robins receiving a non-pyrazine square in that position, to control for any position 

biases the robins might have expressed. 

Once the squares and meal worms had been set up in a robin's territory on the test 

day, the resident bird or birds were attracted by tapping. Most robin territories 

were occupied by a pair of birds so either or both individuals were likely to 

appear. Robins could be identified by coloured bands on their legs except one 

unbanded individual who was identified by location and behaviour. The identity 

of the first robin to arrive at each test area and the number and type of mealworms 

which it ate were recorded. As the second robin approaching a test area was not 

offered a balanced presentation of odour and non-odour meal worms, the test was 

stopped if a second bird arrived and started eating. 

Analysis 

A Chi-square test was used to compare the total number of mealworms eaten of 

each type (i.e. odour or non odour). Whether the robins ate mealworms in runs of 

a particular type, perhaps by eating all the non-odour mealworms first, was 
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examined for those robins that ate five or more mealworms, with a series of runs 

tests (Walpole and Myers, 1972). 

Results 

There was no evidence that robins discriminated between odour and non-odour 

mealworms (X2 = 2.3, d.f. = 16, N.S.). The seventeen robins we tested ate an 

average of 4-5 mealworms each, from the six offered, and consumed an average of 

2 (± 0.2 S.E) odour and 2 (± 0.2 S.E) non-odour mealworms (Fig. 1). All birds ate 

both types of mealworm and there was no evidence robins ate in runs of one type 

of mealworm (runs test mean P = 0.71, N.S.) 
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Figure 1: Mean (± S.E.) number of pyrazine odour and non-odour mealworms eaten by 
robins (n = 17). 

Discussion 

Robins ate mealworms associated with pyrazine odour just as readily as those that 

were not associated with the odour. Because mealworms were a familiar food for 

the robins this finding supports the conclusions of Guilford et al. ( 1987), Marples 

and Roper ( 1996) and Rowe and Guilford ( 1996) who found that pyrazine did not 

deter domestic chicks from familiar food. These authors found that pyrazine did 

deter chicks from food that had been dyed to make it novel. We were unable to 

dye mealworms different colours because they were impermeable to all the food­

safe dyes we tried. As a result we were unable to test whether robins were 

deterred from coloured, and hence novel, mealworms by pyrazine odour. 
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It is possible that the robins did not respond to the pyrazine odour because they 

could not detect it. Domestic chicks, however, have been shown to respond to 

pyrazine at this concentration (0.0003%; Marples and Roper, 1996) and at a lower 

concentration (0.0000025%; Guilford et al., 1987). Both the above experiments 

on chicks were conducted in a laboratory and it is possible that the concentration 

we used was approaching the lower limit of detection in an outdoor situation. 

The first experiment showed that pyrazine was not aversive to robins on its own, 

that is without novelty. The next step was to investigate the effect that the 

addition of two cues, colour and pyrazine, or three cues, colour, pyrazine and 

bitterness had on consumption of a novel food. 

EXPERIMENT 2: DOES THE ADDITION OF PYRAZINE, OR PYRAZINE 

AND BITTERNESS, TO NOVEL COLOURED FOOD ALTER THE 

COLOUR PREFERENCES OF CHICKENS? 

Methods 

Test birds 

The chickens (Shaver brown strain) we tested were 15 - 18 months old and lived 

in a group of approximately 100 birds on Benzies Free-Range Egg Farm (Pearce 

Rd, RD 5, West Melton, Canterbury, New Zealand). They had been raised since 

hatching on the farm and were fed indoors daily at 0800 h on poultry pellets 

supplemented with garlic and vitamins. They normally consumed all the feed 

provided by I 000 h and foraged out of doors throughout the rest of the day for 

natural foods. In addition to their regular food, the chickens received a wide range 

of fruit and vegetables fortnightly, outdoors, depending on season. Coloured leg 

bands allowed us to identify individuals. There was no artificial lighting in the 

housing area or outdoors. 

Of the 36 chickens used in this experiment, most had taken part in an earlier 

experiment several months previously where they were exposed to flour-based 
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coloured pellets (Chapter 2). Twenty one of the chickens had experienced pellets 

of six colours in the previous trial (red, yellow, green, two shades of blue, and 

brown) while a further 11 had experienced blue pellets in four different shades but 

no other colours. Four of the chickens had not taken part in any previous trial but 

had been trained to the test procedure with black and white flour-based pellets 

(Chapter 2). 

The test food 

As there is evidence that methyl pyrazine is only deterrent when it is in association 

with novelty we offered chickens artificial fruit, a food which they had not 

experienced previously. The artificial fruits were agar-based cubes (3 x 4 x 3 

mm) containing fructose and glucose made to a recipe supplied by M. Stanley and 

A. Lill (Monash University, Victoria, Australia). The artificial fruit differed from 

the flour pellets used in the previous chicken trial (Chapter 2) in that they were 

shinny (not matt), were cubes (not cylinders), and had a different composition and 

taste (at least to humans). The artificial fruit were dyed six colours, red, yellow, 

green, mid blue, light blue, and brown using food colours supplied by Bush Boake 

Allen, New Zealand Ltd. The spectral reflectance curves of the colours are shown 

in Fig. 2 and were measured by Justin Marshall (University of Queensland, 

Australia). 

Test procedure 

The chickens were tested between 1400 and 1900 h during December. They were 

placed, one at a time, in an outdoor test box (0.9 x 0.9 x 0.5 m high) set on bare 

soil with open mesh walls. The procedure was the same as that established in a 

previous colour preference experiment with free range chickens (Chapter 2). The 

artificial fruits were presented in piles of each colour, 10 cm apart, laid out in an 

arc. Each pile contained 20 artificial fruit. Chickens were placed in the test box 

facing the arc of colours and were free to move around the coloured food and thus 

view it as they would when foraging normally. Tests lasted two minutes each day 

per bird for six days. All chickens received the same six colours each day but the 
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position of colours in the line was changed daily between birds and days using a 

Latin square design to ensure that: all colours were offered to each bird each day; 

all colours appeared in every position for each bird during the course of the trial; 

and each colour appeared next to each of the other colours twice and only twice 

for each bird. A movable panel ensured the colours were always offered in 

shadow. The dampness, and therefore colour, of the ground was kept constant 

using water applied with a mist sprayer. 
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Figure 2 : Spectral reflectance curves of the coloured artificial fruit offered to free-range 
domestic chickens. Spectral reflectance curves show the relative proportion of light 
reflected off a coloured surface at each wavelength. 

The chickens were tested in three groups of 12 balanced for previous experience. 

The first group of chickens was offered coloured artificial fruit without any 

additives. The second group was offered coloured artificial fruit into which 

pyrazine had been incorporated and the third group was offered coloured artificial 
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fruit into which both pyrazine and Bitrex (denatonium benzoate) had been 

incorporated. 
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The artificial fruit were made by dissolving the agar and sugars in sufficient 

boiling water to make up 300 mL at a time. As the agar solution cooled 15 mL of 

ethanol solution, pyrazine solution, and/or Bitrex solution were added depending 

on the treatment. Delaying the addition of the pyrazine solution until the agar had 

partially cooled ensured that the evaporative loss of pyrazine was kept to a 

minimum. The ethanol solution was composed of 30 mL of ethanol made up to 

250 mL with water. The pyrazine solution was composed of 0.5 mL of pyrazine 

dissolved in 30 mL of ethanol and made up to 250 mL with water. Once the 

pyrazine solution was incorporated into the agar solution the resulting artificial 

fruit had a pyrazine concentration of 0.01 % which was higher than that used in the 

previous robin experiment because we were concerned that a 0.0003% solution 

may not have been sufficiently concentrated to be effective in an outdoor situation. 

The concentration in this experiment was the same as that used effectively by 

other researchers with day old domestic chicks (Rowe and Guilford, 1996). 

The bitter solution was 50 ppm Bitrex and this concentration resulted in artificial 

fruit with a concentration of 0.00025% Bitrex. We chose Bitrex because it is 

exceedingly bitter (Kaukeinen and Buckle, 1992) and has no detectable odour for 

humans. Domestic chicks cannot identify it by odour at a concentration of 

0.005% but find it aversive at this concentration (Marples and Roper, 1997). We 

assumed, therefore, that the artificial fruit containing bitrix would taste bitter to 

chickens but smell the same as the fruit offered to the pyrazine group. We wanted 

the fruit to be noticeably, but not unbearably, bitter for chickens as we wanted the 

chickens to consume at least some of them. We, therefore, used Bitrex at a 

concentration of 2.5 ppm. 

Care was taken to avoid cross-contamination between non-odour, odour, and 

odour with Bitrex treatments by moving the test box to a new location and 
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washing our hands between treatments. All the pellets presented to any one bird 

were from the same treatment so cross contamination was not a problem within 

any one test. At the end of each two minute test we counted the number of pellets 

remaining of each colour and calculated the number of pellets consumed. 

Analysis 

Nine chickens ate sporadically during the experiment and were omitted from the 

analysis of pellet consumption. Consumption data were analysed as the 

percentage of pellets consumed of those available and data from all six test days 

were used in the analysis. The data were logit transformed (empirical logit 

transformation; Sokal and Rohlf, 1995) prior to analysis to reduce the built in non­

normality and heteroscedasticity. Because the data were of a repeat measures type 

observations from day to day were expected to be non-independent due to 

consumption values being strongly correlated with consumption values on 

previous days. This was examined by testing various models using the residual 

maximum likelihood procedure (REML) in the Genstat 5.3 statistical package 

(Patterson and Thompson, 1974). 

We took account of the pattern of increasing consumption observed from day to 

day by fitting a straight line to the logit transformed data. Fitting a linear 

timetrend to the data allowed us to analyse differences in consumption on Day 1 

(i.e. y intercept) and differences in the rate at which consumption increased over 

the six days of the experiment (linear day). The fixed effects considered in the 

model were a chicken's previous experience (history), the treatment (i.e. colour, 

colour with odour, or colour with odour and bitter taste), colour on Day 1, linear 

timetrend and the position of a colour in the layout. The interactions between 

previous experience, treatment, colour and linear timetrend were also retained as 

fixed effects in the model because of their significance (P < 0.05). 

The non-independent nature of the observations was taken into account by the 

terms considered in the random effects model. The random effects comprised the 
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individual chicken, the variability in consumption between chickens each day, 

between chickens in the amounts they ate of different colours (chicken colour) and 

between chickens in which positions in the layout they tended to eat from ( chicken 

position). The interactions between chicken colour and linear timetrend, and 

chicken and linear timetrend were also tested. 

A spline curve was also fitted to the logit transformed data and analysed as a 

random term (Verbyla et al., 1999). The spline term allowed for serial correlation 

between consecutive observations on the same bird or bird-colour combination. 

This term allowed us to account for variation such as one bird eating more or less 

than expected for several days and was consequently another way of removing 

variability in the data that was not related to the effects we were interested in. The 

interaction between the spline term and individual chicken was also analysed as a 

random term. 

The REML procedure provided likelihood ratio tests (LRT) and Wald tests for the 

components of the random and fixed models, respectively, both of which are 

asymptotically distributed as Chi-square with appropriate degrees of freedom. 

Results 

We found no evidence that chickens consumed different amounts of artificial 

coloured fruit depending on whether it was simply coloured, accompanied by 

pyrazine odour, or accompanied by pyrazine and a Bitrex (treatment, Table 1 ). 

Likewise, there was no evidence that the chickens' colour preferences differed 

depending on the type of artificial fruit they received (treatment x colour, 

Table 1 ). This was not because chickens did not show colour preferences, they ate 

different amounts of the artificial fruit on Day 1 depending on the colour of the 

fruit (colour, Table 1). 
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Table 1: Statistical results for fixed and random effects generated by likelihood ratio 
tests ( LRT) from the REML analysis. 

Source d[ l!. 
Fixed effects Wald 

history 3 2.3 0.51 
treatment 2 1.8 0.41 
colour 5 19.1 0.002 
linear timetrend 1 144.0 <0.001 
position 5 15.0 0.01 
treatment x history 5 2.2 0.82 
treatment x colour 10 7.7 0.66 
treatment x linear timetrend 2 5.4 0.07 
history x colour 15 68.4 <0.001 
history x linear timetrend 3 10.4 0.02 
colour x linear timetrend 5 15.2 0.01 

Random eff ectsa LRT8 
spline 1 6.1 0.007 
chicken x spline 1 4.3 0.02 
chicken 1 41.2 < 0.001 
chicken x linear timetrend 1 10.l <0.001 
chicken day 1 25.6 < 0.001 
chicken colour 1 36.5 <0.001 
chickens position 1 18.5 < 0.001 
chicken colour x linear 1 6.2 0.006 
timetrend 
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• The LRT statistic is an equally weighted mixture of X,2 variates with zero and one 
degree of freedom. The p value is thus 0.5 times the probability for a X,2 with one 
degree of freedom. (Stram and Lee, 1994). 

The colour preferences chickens showed in this experiment were strongly affected 

by the colour of pellets they had received in the past (history x colour, Table 1 ). 

Chickens that had experienced pellets of all six colours previously ate more red, 

yellow and brown artificial fruit than mid blue or light blue fruit on the first day, 

while their consumption of green artificial fruit appeared intermediate (Fig. 3a). 

Chickens that had previously experienced pellets in four shades of blue preferred 

mid blue, light blue and brown artificial fruit to red and yellow fruit on Day 1 with 

green artificial fruit again intermediate (Fig. 3b ). Of the chickens that had not 

previously experienced pellets two failed to eat and the preferences of the 

remaining two chickens were unclear. 
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Figure 3: The adjusted mean consumption of coloured anificial fruit with both pyrazine 
and Bitrex on Day 1 by chickens that had previously encountered a) pellets of all 6 
colours and b) pellets of 4 shades of blue. Colours are ranked from the most preferred to 
the least preferred. The error bars represent half least significant differences. Means 
are different at P = 0.05 if the error bars do not overlap. 
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As in previous experiments (Chapter 2) the consumption of fruit started at a low 

level but increased over time (linear timetrend, Table 1, Fig. 4). Not only did 

chickens consume different amounts of the different coloured artificial fruit on the 

first day but they increased their consumption of fruit during the course of the trial 

at different rates depending on the colour of the fruit (colour x linear timetrend, 

Table I, Fig 4b ). Consumption of the artificial fruit of colours that were less 

preferred on Day I, generally increased at a greater rate than the consumption of 

fruit of colours that were more preferred on Day 1, although different chickens 

differed in the rate at which they increased their consumption of the different 

colours (chicken x linear timetrend, Table 1). 

Chickens also increased their consumption at different rates depending on their 

previous experience (history x linear timetrend, Table 1 ). Chickens that had not 

taken part in a previous experiment (Chapter 2) and had therefore not experienced 

coloured pellets prior to this experiment appeared to eat less artificial fruit initially 

but subsequently increased their consumption faster than the other chickens. This 

pattern resulted in chickens eating the same amount overall regardless of their 

previous experience (history, Table I) and there was no interaction between the 

amount eaten of each fruit type and previous experience (treatment x history, 

Table l). 

The chickens did not increase their consumption at different rates depending on 

which type of fruit they received although this approached significance (treatment 

x linear timetrend, Table 1 ). Over half the chickens in the analysis that received 

Bitrex artificial fruit failed to eat all the fruit offered on Day 6. The situation was 

reversed for the chickens that received the fruit that did not contain Bitrex with 

well over half of these chickens eating all the pellets offered on Day 6. This 

difference resulted in a slower rate of increase for the chickens receiving Bitrex 

fruit than the groups receiving either of the two types of non-Bitrex fruit. 
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Figure 4: The percentage of artificial fruit containing pyrazine and bitrex eaten per day 
by chickens. The lines present the predicted values backtransformed from the original 
/ogit model and the symbols present the back transformed observed means. Chickens had 
previously encountered pellets of a) all six colours and b) four shades of blue. 
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There was considerable variability amongst chickens. Individual chickens 

differed from other chickens in how much they ate overall (Table 1 ), how much 

they ate each day (chicken day, Table 1), how much they ate of the different 

colours (chicken colour, Table 1), and how much the ate from different positions 

in the layout ( chicken position, Table 1 ). Overall chickens ate less from the 

positions at either end of the layout (position, Table 1). Chickens also differed in 

the rate at which their consumption increased from day to day (chicken x linear 

timetrend, Table 1 ). The spline term was significant (Table 1) as was the 

interaction between chicken and the spline term (Table 1) suggesting some of the 

variability in consumption was due to chickens eating a bit more or less than 

expected for several days. 

Discussion 

The colour preferences shown by chickens were not altered by the addition of 

pyrazine or pyrazine and Bitrex to the artificial fruit. The chickens that had been 

offered all six colours in the past showed the same colour preferences for novel 

food as previously (Chapter 2) irrespective of whether the artificial fruit contained 

pyrazine. These chickens preferred red, yellow and brown artificial fruit to mid 

blue, light blue, and green fruit on Day 1 (Fig. 3a). The chickens that had only 

experienced blue pellets previously chose the blue and brown artificial fruit in 

preference to fruit of the other colours (Fig. 3b ). 

In contrast to previous research, not only did we find that pyrazine had no effect 

on colour preference it also had no effect on the amount of artificial fruit eaten. It 

could be argued that the chickens did not regard the artificial fruit as novel since 

they had experienced pellets of similar colours previously. If this was the case 

then the chickens may have ignored the pyrazine odour because it accompanied a 

familiar food. However, the amount eaten on the first day (Fig. 3) and the patterns 

of increasing consumption shown by the chickens (Fig. 4) were similar to those 

shown by chickens in earlier experiments (Chapter 2) when they had not 
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experienced coloured food in the test box previously suggesting that the chickens 

did regard the food as novel. 

Several differences existed between our study and previous studies in which 

researchers found that pyrazine combined with novelty to deter birds from eating. 

Firstly, previous experiments (Marples and Roper, 1996; Rowe and Guilford, 

1996, Rowe and Guilford, 1999) tested young chicks with limited past experiences 

while we tested adult free range chickens. Adult red-winged blackbirds (Agelaius 

phoeniceus) have been shown to detect and respond to pyrazine in food (Avery 

and Nelms, 1990). These blackbirds were wild caught and it is possible that the 

captive reared chickens were less experienced with unpleasant foods and less 

cautious as a consequence. Birds that are more cautious may be more responsive 

to methyl pyrazine. 

A second difference between the present and previous studies was that in previous 

studies researchers have made the food offered to chicks (chickcrurnbs) novel by 

dyeing it different colours (Marples and Roper, 1996; Rowe and Guilford, 1996). 

In our experiment the chickens were offered similar colours to those they had 

already experienced but the food itself was novel. This raises the possibility that 

only some types of novelty interact with pyrazine i.e. only foods that are novel in 

colour not foods that are novel in composition. Pyrazine may, therefore, combine 

with only a subset of novel foods, those that are distinctively different to the foods 

a particular bird has experienced in the past. Several authors have discussed the 

importance of the distinctiveness or conspicuousness of the signals used by 

brightly coloured toxic insects (Gittleman and Harvey, 1980; Marples and Roper, 

1996; Roper and Redston, 1987). The difficulty in evaluating this idea is that, as 

humans we cannot be sure which characteristics would make a novel food 

distinctively different for a particular bird species. Nevertheless it would be 

worthwhile testing whether pyrazine combined with a novel coloured food 

reduced consumption by a native bird species. 
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Increasing the number of components presented in association with a novel food 

did not increase the magnitude or duration of the preferences associated with food 

of different colours. The chickens may not have increased their consumption of 

the Bitrex fruit as quickly as the other fruit types but we found no support for the 

proposal that a multicomponent approach may be more effective in pest control, at 

least for the combination of components we tested. The chickens that ate very few 

fruits in this experiment were excluded from the analysis but there was no 

evidence that a disproportionate number of these chickens were from any one of 

the treatment groups. 

Several researchers have commented on the apparent duel role observed in nature 

for colours such as red (Guilford et al., 1987; Jones and Roper, 1997, Marples, 

Roper and Harper, 1998). Red is a common colour in toxic insects and authors 

have described colours such as red as 'warning' colours for birds (Schuler and 

Roper, 1992; Marples and Roper, 1996; Rowe and Guilford, 1996) implying that it 

carries the message 'this food item is dangerous watch out'. However in other 

contexts, birds seem to prefer red. For example a disproportionate number of 

plants dependent on birds to disperse their seeds have fruit that are red or black in: 

southern Africa (Knight and Siegfried, 1983), Europe (Turcek, 1963), Australia 

(Willson, Irvine and Walsh, 1989), Japan (Nakanishi, 1996), Illinios USA 

(Willson and Thompson, 1982) and New Zealand (Lee, Wilson and Johnson, 

1988; Willson et al., 1989; Williams and Karl, 1996). Likewise in our studies we 

have consistently found red to be one of the most preferred colours for chickens 

(Chapter 2), weka (Chapter 3) and robins (Chapter 4). We suggest, therefore, that 

if red does carry a message for birds, that message is context dependent. It may be 

best to view red as an 'alerting' colour for birds (Guilford et al., 1987; Rothschild 

and Moore, 1987) rather than a warning colour. We suggest that if red carries a 

message for birds it is 'take notice'. Red, for example, may be conspicuous for 

birds but, we suggest, they rely on other associated cues to decide whether to eat 

the red object or leave it well alone. This apparent conflict over the role of red in 

bird foraging decisions warrants more study. 
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The consumption patterns shown by chickens in this experiment were remarkably 

similar to the patterns shown by the chickens in previous experiments (Chapter 2). 

Chickens steadily increased their consumption from test to test until they were 

eating all the fruit available of every colour. There was considerable variability in 

consumption between chickens and this showed up in the analysis as differences 

in the interactions between individual chickens and the time related terms, linear 

day and spline. This variability between individuals was also observed in a colour 

preference trial with a native bird species, New Zealand weka (Chapter 3) and in a 

previous experiment with chickens (Chapter 2). The similarity observed between 

weka and chickens suggests that the overall pattern of consumption observed i.e. 

that of increasing consumption from test to test, is a common behaviour pattern 

among several bird species and that within this behaviour pattern there is some 

individual variability. 

General Discussion 

We found no evidence that pyrazine was effective in deterring robins from a 

familiar food and no evidence that pyrazine was effective as a bird deterrent in 

combination with novelty, colour or bitterness for adult chickens. Poisonous baits 

are novel to native birds when they encounter them in the wild so this second 

result is disappointing. 

In our first experiment, with robins, the birds were offered mealworms 

accompanied by airborne pyrazine odour. In the second experiment the chickens 

came into direct contact with the pyrazine because the pyrazine solution was 

incorporated into the artificial fruit which the chickens ate. The second method of 

presentation has the most relevance for a pest control situation in that the pyrazine 

would have to be incorporated into baits and birds eating them would be exposed 

to both airborne and taste cues. Our arrangement, although appropriate in a 

poisonous bait context, differs from some previous pyrazine experiments in which 

researchers have allowed only airborne cues to reach birds. A very and Nelms 

( 1990), however, found pyrazine was effective in combination with other cues in 



Hartley: Chapter 5 
Interactions between colour and odour 

reducing consumption of food by red winged blackbirds when it was added to 

food at a 0.0001 % concentration which was more dilute than that used our 

experiment. It seems unlikely that adding the pyrazine solution to the baits 

themselves would explain the lack of effect we observed. 
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The colour preferences shown in this experiment, by chickens that had previously 

experienced all six colours, were the same as those shown by chickens in the past 

(Chapter 2) and the same as those shown by the two native species tested, weka 

and robins (Chapter 3 and 4). All three species preferred red and yellow to blue 

novel food. It appears that colour preferences in birds may be more generalised 

than previously recognised. It also appears that when a bird encounters a novel 

food it bases its initial foraging decisions, at least partly, on these pre-existing 

colour preferences. 

We found that the colour preferences of chickens were, however, also affected by 

their previous experiences of coloured food. Previous studies assessing whether it 

is possible to alter a bird's colour preferences for food by pre-feeding with 

particular colours have obtained mixed results. For example, Puckey, Lill and 

O'Dowd (1996) failed to alter the collective preferences of silvereyes (Zosterops 

lateralis) by manipulating their diet prior to testing and Willson and Comet (1993) 

found that the colour of food that captive Northwestern crows (Corvus caurinus) 

were fed as chicks had no detectable effect on their food-colour choices later on. 

Brunner and Coman ( 1983), however, did influence the preferences of wild 

crimson rosellas (Platycercus elegans) by pre-feeding them with blue grain for 

two weeks. Colour preference in birds appears to be modified more readily by 

altering the rewards associated with particular colours than by pre-feeding. Slaby 

and Slaby ( 1977), for example, found that the colour preferences of Stella's jays 

( Cyanocitta stelleri) for peanuts in their shells could be modified by removing the 

nuts from some of the shells and hence changing the food reward associated with 

each colour. Melendez-Ackerman, Campbell and Waser (1997) also found that 

the preferences of hummingbirds for red and white flowers could be reversed by 
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manipulating the amount of nectar available at each flower type. It appears that 

pre-existing colour preferences are not fixed but can be modified by experience. 

In the present study we found that birds' colour preferences changed over time. 

As our experiment progressed chickens tried the colours that they initially 

avoided. Eventually most of the chickens ate all the fruit of all the colours 

offered. It appears that birds may have colour preferences which they base their 

initial foraging decisions on but that these preferences can be modified by 

experience. 

If colour preferences in birds are not fixed but can be modified the implications 

for poisonous bait design are unclear. Does the modification, for example, imply 

that a bird that ate purple berries seasonally would be more inclined to try purple­

dyed poisonous baits during the purple berry season? Likewise would a bird be 

more inclined to try a poisonous bait the longer the bait was lying around? 

Poisonous baits should be field tested prior to use with wild birds in one-choice 

tests at the appropriate time of the year. 

This study has reconfirmed that chickens have colour preferences but failed to 

identify a combination of cues that would deter chickens from eating a novel food 

for more than a day or two. Mid blue still appears to be the most suitable colour 

for dyeing poisonous baits but chickens and weka, over time, sample foods of 

colours that are less preferred and incorporate those foods into their diet. 

We found that pyrazine did not deter robins from a familiar food and did not deter 

chickens from a novel food of familiar colours. It is possible the pyrazine failed to 

deter the chickens from the novel food in this experiment because the novel food 

was not sufficiently distinctive or conspicuously novel and we suggest the 

combination of pyrazine and a distinctively coloured food should be investigated 

with a native bird species. It remains unclear, however, which colour is the most 

promising to test in combination with pyrazine. 
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CHAPTER& 

Can colour and an insect defensive odour deter 
native New Zealand birds from eating baits? 

Lynette Hartley, Joseph Waas, Cheryl O'Connor 

Abstract 

134 

This study is one of a series investigating ways of deterring birds from poisonous 

baits that are intended for introduced mammalian pest species in New Zealand. 

We examined whether the addition of pyrazine, an insect defensive odour, to 

coloured, novel food, reduced consumption by birds. Experiments were 

conducted both in captivity and in the wild. We chose pyrazine as many 

distinctively coloured insects, that are toxic to birds, release this odour when 

attacked. Captive weka (Gallirallus australis), a native New Zealand rail, were 

offered blue and red novel food to which pyrazine had been added and the same 

coloured food without pyrazine. Blue was selected as previous experiments found 

that blue was one of the least preferred colours for weka. Red was selected as it is 

a common colour among brightly coloured toxic insects. Weka ate significantly 

less of both the red and blue food with pyrazine odour than the red and blue food 

without the odour. Consumption of the food without odour increased over each of 

the six consecutive test days but consumption of the food with odour remained 

low and static throughout the experiment. 

We next compared the consumption by birds in the wild of non-toxic cereal baits 

that had been dyed blue and smelt of pyrazine with the same baits that had been 

dyed green and flavoured with cinnamon. The green-cinnamon baits were those 

commonly used in poisoning operations in New Zealand. Twenty forest sites had 

trays of either blue-pyrazine baits or green-cinnamon baits and the weight of bait 

eaten from each was recorded over six days. Ground-level feeders were visited by 

weka. Fewer blue-pyrazine baits were consumed on the first day from these 
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feeders and the difference in overall consumption approached significance. Weka 

are a particularly difficult species to deter from food so this is a very positive 

outcome. Pyrazine may be even more effective in deterring other native birds 

from poisonous baits. 

Keywords: Alerting, colour, feeding deterrent, Gallirallus australis, odour, 

methyl pyrazine, weka. 
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Introduction 

New Zealand native birds sometimes eat poisonous baits intended for introduced 

mammalian pest species. Several bird species seem vulnerable to eating baits 

including weka (Gallirallus australis) and New Zealand robins (Petroica 

australis). Weka are chicken sized, flightless rails whose vulnerability is possibly 

due to their omnivorous feeding style and inquisitive nature (Chapter 3). They 

have been seen eating poisonous baits on numerous occasions (Brown, 1993; 

Eason and Spurr, 1995; Spurr and Powlesland, 1997) and deaths of between 90 

and 100% have been recorded in some poisoning operations (Eason and Spurr, 

1995; Empson and Miskelly, 1999). Robins are small, insectivorous passerines 

that occasionally supplement their diet with fruit. Deaths of between 30 and 50% 

of robins have been recorded in some poisoning operations (Brown, 1997; Walker 

and Elliott, 1997; Powlesland, Knegtmans and Marshall, 1998; Empson and 

Miskelly, 1999). Both species are endemic to New Zealand and our studies to 

date have concentrated on investigating bait characteristics that may deter these 

two species from baits. 

Poisonous baits are novel to birds when they encounter them and we have 

investigated two possible cues, colour and odour, that may be important in 

influencing whether a bird will eat a novel food. We found that all three bird 

species tested; weka, robins, and domestic chickens (Gallus domesticus) had 

colour preferences when offered coloured novel foods (Chapters 2, 3 and 4). It 

appeared that, for all three species tested, colour was one of the factors that 

influenced whether a bird would eat a novel food. Although the birds showed 

colour preferences when they first encountered novel foods, the weka and 

chickens soon increased their consumption until they eventually ate all the food 

that was available of all the colours. 

We have also investigated whether the addition of the odour, methyl pyrazine, 

affected a bird's consumption of a novel food. Toxic insects are often brightly 

coloured (Schuler and Roper, 1992) and have conspicuous odours (Marples and 
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Roper, 1996), such as methyl pyrazine, which are released when they are attacked. 

We found that methyl pyrazine did not deter wild robins from a familiar food or 

adult free range domestic chickens from a coloured food of a novel formulation 

(Chapter 5). The chickens tested had experienced a food of a different 

formulation in similar colours previously. Several researchers have questioned 

whether a bird's consumption of a novel food may be related to the 

conspicuousness of the food (Gittleman and Harvey, 1980; Roper and Redston, 

1987; Guilford, 1990; Marples and Roper, 1996) and it is possible the pyrazine 

failed to deter the chickens from the novel food offered because the food was not 

conspicuously novel. In this study, therefore, we wanted to investigate the effect 

on consumption of combining pyrazine with a conspicuous novel food which the 

test birds had not encountered previously. 

The difficulty with this objective was that we cannot know which cues will make 

a food conspicuously novel to birds. We used a test food of a novel formulation 

that was dyed red. We chose red as many toxic insects have pyrazine as a 

defensive odour and have red in their colour patterns. Researchers have 

speculated that red is common among such insects because red is distinctive to 

birds (Rothschild and Moore, 1987). In addition Rowe and Guilford ( 1996) found 

that pyrazine deterred birds from eating novel food when that food was red. 

We chose weka as an indicator species because weka are known to eat baits and 

die in poisoning operations and have similar colour preferences to the other birds 

we have tested. Since weka appear to be more difficult to deter from baits than 

the other native species tested, robins (Chapter 4), we suggest that a deterrent that 

is effective on weka may also be effective on other native bird species. 

The weka we tested had not been involved in colour preference trials in the past 

and were naive to the coloured pellets we used. We compared a weka's 

preference for red novel food with pyrazine to their preference for blue novel food 

without pyrazine. We could not offer individual weka both red food with, and 
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without, odour because the consumption of one may have interfered with the 

consumption of the other because they had a cue in common (red). Blue was one 

of the least preferred colours for the group of weka tested previously (Chapter 3) 

and therefore the most effective cue that we have identified to date for reducing 

weka consumption of a novel food. By comparing weka consumption of blue to 

that of red plus pyrazine we were able to evaluate whether red plus pyrazine was 

more effective in reducing consumption than blue and therefore whether it may be 

more effective in deterring birds from baits. We do not know whether blue is 

conspicuous for weka. We, therefore, offered other individual weka a choice 

between blue novel food with pyrazine and red novel food to see whether blue and 

pyrazine was a more effective combination than red and pyrazine in reducing 

consumption. 

In a second experiment we tested the most effective combination identified in the 

first experiment on wild birds in the field. In our studies to date we have generally 

offered birds a choice between several options to determine their preference. In a 

poisoning operation, however, birds are exposed to only one type of bait and must 

evaluate a bait, if they encounter it, on its merits alone. We used baits of the 

formulation generally used in poisonous bait operations in New Zealand and the 

same baits dyed blue with pyrazine added. We wanted to see how much of each 

type of bait birds would eat if they encountered the bait in the wild. Individual 

wild birds only encountered one bait type and this mimicked the situation 

occurring in a poisoning operation. A variety of bird species had access to the 

baits. 

The aim of these experiments were l) to determine whether the addition of 

pyrazine to red or blue novel food reduced consumption by weka and 2) to see 

whether baits treated with the most effective combination of cues identified in the 

first experiment were less attractive to birds in the wild than the baits generally 

used in poisoning operations. 
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EXPERIMENT 1: CAPTIVE EXPERIMENT 

Methods 

Test birds 

Thirteen wild caught weka were housed individually in pens measuring 4 m x 4 m 

x 2 mat Landcare Research's animal facility, Lincoln, New Zealand. The weka 

were wild birds from Solander Island, near Stewart Island, New Zealand, and had 

been in captivity for three months when the experiment started. Solander Island is 

uninhabited and relatively inaccessible so it is likely the weka had little experience 

of humans prior to capture. 

W eka were fed a mixed diet of grated cheese, cat biscuits, rolled oats, canned 

spaghetti and canned cat food, and water was permanently available. They had 

access to food for 24 hours a day but for two weeks immediately before and 

during the trial, food was removed between 2100 and 1300 hr so that weka were 

hungry when they were tested. Weka did not eat all the food available under 

either feeding regime. They were occasionally observed to take natural food in the 

form of insects and seeds (L Hartley, pers. obs.). 

The test food 

Non-toxic pellets were hand made from flour, water, sugar, lard and food 

colouring (powdered dyes from Bush Boake Allen, New Zealand Ltd.) to the same 

recipe used previously with weka (Chapter 3). Pellets of two colours were 

presented, red and blue. The spectral reflectance curves of these two colours are 

shown in Fig. 1 and were measured by Justin Marshall (University of Queensland, 

Australia). It was assumed that the food colouring had no significant taste to weka 

although we did not specifically test this. No attempt was made to simulate 

existing poisonous baits in size, shape, colour or texture in this experiment. 

Rather, weka were presented with pellets of different colours that were completely 

novel to them. Pellets measured 7 x 7 x 3 mm and were small enough for weka, 

after initial investigation, to eat entire pellets. 
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Figure 1: Spectral reflectance curves of the red and blue pellets and the grey 
background towelling presented to captive weka in Experiment 1. Spectral reflectance 
curves show the relative proportion of light reflected off a coloured surface at each 
wavelength. 

The test procedure 

A test area was set up in each pen by clearing a 1.0 x 0.5 m rectangle of vegetation 

(grasses) back to bare soil. The pellets were presented to each weka in two 

identical small, circular, clear plastic containers which were 8 cm in diameter and 

had a 4 cm lip. Each container had a grey circular towelling insert stuck to the 

bottom which allowed the odour to be presented. Twelve hours before each test 

l mL of either pyrazine solution or ethanol solution was applied to the towelling 

with a syringe. The pyrazine solution was made by dissolving 0.1 mL of pyrazine 

(Pyrazine Specialists, Atlanta, Georgia, USA) in 10 mL of pure ethanol and 

adding this to 990 mL of water. This process resulted in a 0.01 % pyrazine 

solution. This was the same concentration we used previously with chickens 

(Chapter 5). The control ethanol solution was made up in the same way, without 

the pyrazine. Twenty pellets, were placed on the damp towelling and the plastic 

container was sealed overnight. In a previous trial with pyrazine (Chapter 5) we 
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incorporated the solution into the food we offered to chickens and this is the 

preferred test method since it mimics the situation that would occur if pyrazine 

was incorporated into poisonous baits (i.e. birds would be exposed to both the 

smell and any taste of the pyrazine). In this trial, however, we were unable to 

incorporate the pyrazine into the pellets since they were baked and the pyrazine 

odour would have evaporated during baking so instead we allowed the smell of 

the pyrazine solution to permeate the pellets for 12 hours immediately prior to 

each test. One hour prior to testing the pellets were removed, a further 1 mL of 

the appropriate solution was applied to the towelling and the pellets were returned 

to the plastic container which was then resealed. Lids were removed finally as the 

pellets were presented to the weka. 

All weka were offered a choice between a plastic container holding twenty ted 

pellets and another containing twenty blue pellets. Containers were presented 

25 cm apart. For seven of the weka the blue pellets had been treated with the 

pyrazine solution while the red pellets had been treated with the ethanol solution. 

For the remaining six weka this combination was reversed. Weka were randomly 

assigned to treatment groups and within each treatment group half the weka 

received the red pellets on the left and half received the red pellets on the right on 

the first day. The position of colours alternated on subsequent days. 

Weka were tested individually between 0730 and 0900 h for 15 minutes on six 

consecutive days in February. Containers and towelling were re-used but were 

dried out of doors for at least eight hours before being re-filled for the following 

day. This amount of time was not sufficient to completely clear the smell of 

pyrazine from the containers but the containers were used for the same treatment 

and bird each day so there was no risk of cross-contamination. 

The weka had been familiarised with the plastic containers by offering them a 

choice of familiar foods (grated cheese and cat biscuits) presented in the 

containers on the two days before testing. All weka were eating at least half the 
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food presented in this way before testing started. Black cloth was pegged to the 

wire mesh walls between the weka pens to prevent the weka from observing one 

another during the tests. Pellets were presented in shade for consistency. 

Analysis 

The percentage of pellets consumed during the trial by each weka were analysed to 

take into account the incomplete block design and the nature of the response data. 

Analysis of variance of the percentages subjected to an angular transformation 

gave approximate results which were checked by fitting a generalised linear (]ogit) 

model, and by the REML (residual maximum likelihood) method. These analyses 

allowed simultaneous testing of both colour and odour main effects, together with 

the interaction between the two, however the measure of interaction was relatively 

imprecise being based on comparisons between birds. 

Results 

The addition of pyrazine odour to the pellets significantly reduced consumption 

(F test ratio= 34.5, d.f. = 11, P < 0.001, Fig. 2) of both red and blue pellets. In 

the case of blue pellets, consumption was reduced to near zero with only one out 

of seven weka eating any blue when it was associated with pyrazine. This weka 

only ate one pellet on one occasion. Consumption of red and blue pellets without 

pyrazine increased daily (Fig. 3), while the consumption of red and blue pellets 

with pyrazine remained at or near zero throughout the trial. Although it appeared 

that weka ate less of the blue than the red pellets the difference in consumption 

was significant only at the 10% level (F test ratio = 3.28, d.f. = 11, P = 0.1 ). The 

small sample size and very low consumption of pyrazine treated pellets in both 

treatment groups made an analysis of the interaction between colour and odour 

(P = 0.9) relatively uninformative. 
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Figure 2: Average(± S.E.) total consumption by captive weka offered a choice of either 
blue-pyrazine and red non-pyrazine baits or red-pyrazine baits and blue non-pyrazine 
baits. 
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Figure 3: Average(± S.E) number of pellets eaten per day out of the 20 offered to 
captive weka (n=13). 
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Discussion 

Pyrazine was effective in deterring the weka in combination with both red and 

blue novel food. This result suggested that weka could detect the pyrazine and 

that the addition of pyrazine to poisonous baits may be very effective in deterring 

birds from eating them. Not only were the pellets with pyrazine eaten less on the 

first day but consumption remained low for the full six days of the experiment. 

This suggested that pyrazine may remain effective for an extended period, an 

important consideration as baits may remain toxic in the field for many weeks. 

There was no evidence that red was more effective in combination with pyrazine 

than blue despite red with pyrazine odour being a commonly observed 

combination of cues in toxic insects. There has been no systematic survey of the 

toxicity of insects and their respective colour schemes, in New Zealand or 

elsewhere, so we cannot comment on the prevalence of blue relative to red toxic 

insects despite the perception that red toxic insects are more common (Schuler and 

Roper, 1992). Likewise, we do not know which of the two colours tested was the 

most distinctive or conspicuous for birds. The result of this experiment does, 

however, support the hypothesis that the distinctiveness of a novel food may 

influence how effective pyrazine is in reducing consumption since we have 

already found that chickens consumption of a novel food was not reduced by the 

addition of pyrazine when the novel food was presented in familiar colours 

(Chapter 5). 

Weka consumed fewer blue pellets than red pellets and this is the expected result, 

as we have already shown that weka prefer red to blue novel food (Chapter 3). 

Consumption of both colours without odour increased daily and this also was the 

expected result judging by the pattern of increasing consumption observed 

previously with weka offered coloured novel food (Chapter 3). The weka in this 

experiment, unlike the weka in the previous study did not eat all the pellets 

without odour by the sixth day although they may have done so if the experiment 

had continued for longer. 
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One alternative explanation for the observation that weka were deterred from 

eating by pyrazine, while chickens were not, is that weka, as a species, may be 

more sensitive to pyrazine than the chickens tested. Another possible explanation 

is that wild caught birds, such as these weka, may be more sensitive to pyrazine 

than domestic individuals. It is important to test the effect of adding pyrazine to 

baits on a variety of native bird species in the wild to see whether the deterrent 

effect observed with these weka occurs with other wild native species as well. 

We cannot be sure whether the deterrent effect observed in this experiment was 

because the pyrazine itself was aversive or because it interacted with the colours 

of the novel food. Several researchers have concluded that pyrazine itself is not 

aversive (Guilford et al., 1987; Marples and Roper, 1996; Rowe and Guilford, 

1996) and our studies to date support this conclusion (Chapter 5). In this 

experiment we did not offer weka a familiar food with pyrazine and do not know, 

therefore, whether the weka would have avoided this combination. If they had 

avoided a familiar food with pyrazine this would have shown that they found the 

pyrazine itself aversive. 

While the mechanism by which pyrazine functioned in this experiment may not be 

clear, the addition of pyrazine to blue novel food effectively deterred weka, almost 

completely, from the food for an extended period. The next experiment 

investigated the effect on consumption of baits in the wild when they contained 

the two cues, blue and pyrazine. 

EXPERIMENT 2: FIELD EXPERIMENT 

Methods 

Study site 

Kapiti Island ( 1965 ha) is a nature reserve 40 km north of Wellington, New 

Zealand and 5.2 km off shore. This island was chosen as a study site as there is 

abundant native birdlife including weka and robins and no terrestrial mammals to 
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interfere with the baits. Flying birds on the island included robins, kaka (Nestor 

meridionalis), saddleback (tieke, Philestumus carunculatus), kakariki 

(Cyanoramphus sp), wood pigeon (kereru, Hemiphaga novaeseelandiae), 

whitehead (Mohoua albicilla), tuis (Prosthemadera novaeseelandiae) and 

bellbirds (Anthomis melanura). Flightless birds included weka, kiwis (Apteryx 

australis) and little blue penguins (Eudyptula minor). 

Test sites 

Twenty test sites were set up along two tracks, a coastal track which follows the 

eastern side of the island from south of the slipway to Okupe lagoon at the 

northern end, and the Okupe valley track which runs inland from the lagoon. We 

judged that weka and robins were the most likely birds to visit the test sites since 

these were the species that have been observed to eat poisonous baits (Lloyd and 

Hackwell, 1993; Spurr and Powlesland, 1997). We did not want individual birds 

to visit more than one site and hence more than one type of bait. Both weka and 

robins are territorial so, by placing one test site in each territory, we hoped 

individual birds would not visit more than one site. Weka were believed to have 

larger territories than robins because they are larger birds but unfortunately the 

size and location of both weka and robin territories on Kapiti Island was unknown. 

Territory size for weka on Kapiti Island has been recorded as between 0.7 and 4.5 

ha which equates to roughly 220 m by 220 m (Taylor, 1998). Weka numbers, 

however, were severely reduced over the entire island in 1996, three years before 

this experiment, in a poisoning operation for rats (Empson and Miskelly, 1999). 

Weka numbers had recovered rapidly but weka may not have reached their pre­

poisoning density and thus may have had larger territories then previously (C. M. 

Miskelly, Department of Conservation, Wellington, pers. comm.). Weka had been 

observed, before the poisoning, to follow researchers for up to 200 m (C. M. 

Miskelly, pers. comm.). Test sites were set up 300 m apart and this distance was 

determined by pacing. 
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Sites were placed a sufficient distance off the tracks to be inconspicuous to human 

visitors to the island. They were placed in forest with trees at least 3 m high with 

canopy covering at least 60% of the sky above the site. Baits were presented in 

two 'feeders' at each site. Both feeders were black plastic trays 25 cm in diameter 

with a 5.5 cm high lip around the edge. Each site had one feeder tray resting 

directly on the ground allowing access to flightless birds and the other mounted on 

a pole 1.2 m high which prevented access by such birds, particularly weka. Both 

feeders had a circle of absorbent grey towelling 17 cm in diameter stuck to their 

base. Because feeders were exposed to the weather and the baits disintegrate 

when they get wet we did not want the baits to rest in the towelling in case they 

absorbed water. We, therefore, cut a circle 5.5. cm in diameter out of the center of 

the towelling to reveal the black plastic underneath. Baits were presented within 

this ring of towelling. 

Test procedure 

The experiment took place in winter mimicking the timing of many poisoning 

operations in New Zealand. The baits were RS5 cereal baits obtained from 

Animal Control Products, Waimate, New Zealand. These baits were identical to 

those used in many brushtail possum (Trichosurus vulpecula) control operations 

but were supplied without the poison or dye. Half the baits had cinnamon 

incorporated (0.1 % volume/weight) by the manufacturer. We applied green dye to 

the surface of the cinnamon baits by plunging the baits into a dye solution (5 g of 

green dye per litre of water). Baits were plunged into the dye bath twice for 2 

second periods and shaken using a large sieve to ensure all baits had contact with 

the dye on all surfaces. We used the green dye recommended for use in poisonous 

baits in New Zealand (Hexacol green V200A, Bayer NZ Ltd. Wellington, New 

Zealand). The other half of the baits did not have cinnamon incorporated and 

these were dyed blue using the same technique and the same dye used in 

Experiment I (8 g of blue dye per litre of water, dye from Bush Boake Allen New 

Zealand Ltd.). The spectral reflectance curves for both the blue and green baits, 

measured by Justin Marshall (University of Queensland, Australia), are presented 
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in Fig. 4. Neither the blue or the green were as saturated (intense) as the colours 

offered to weka in a previous experiment (Chapter 3) and the blue was slightly 

more green than that used in Experiment 1 of this study. Baits were oven-dried 

immediately after dyeing. The colour covered the surface of the baits to a depth of 

2 mm. The centre of the baits remained the natural pale brown shade. It has been 

suggested that small birds are attracted to fragments of baits during poisoning 

operations (Harrison, 1978) so we cut some baits into 2 mm lengths and dyed 

these fragments as well. 
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Figure 4: Spectral reflectance curves of the blue and green baits presented to wild birds 
on Kapiti Island in Experiment 2. Spectral reflectance curves show the relative 
proportion of light reflected off a coloured surface at each wavelength. 

Twelve hours before presentation green baits (630 g) were placed in a glass bowl 

which contained towelling soaked in 80 mL of ethanol solution. A metal grid 

prevented the baits from contacting the damp towelling directly but the odour of 

the solution was free to circulate around the baits. Blue baits were treated 
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similarly in another bowl with a pyrazine solution. The ethanol and pyrazine 

solutions were the same concentrations and proportions per weight of pellets as 

those used in the captive experiment. The bowls were sealed overnight and the 

blue baits smelt of pyrazine to humans in the morning when they were removed 

from the bowls. 

Approximately 30 g of baits were put out in the centre of the towelling ring in 
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each feeder between 0730 and 1100 h. This amount was composed of 

approximately 20 whole baits and 0.5 g of fragments and was weighed to the 

nearest 0.01 g. An additional 6 mL of either pyrazine solution, in the case of blue 

baits, or ethanol solution, in the case of green baits, was added to the towelling 

ring after the baits were in place. This again was the same proportion of solution 

to pellets (by weight) used in the captive experiment. In order to sample the baits a 

bird had to reach over the towelling and was consequently exposed to the odour 

before trying the baits. Any baits or fragments remaining after 24 hours were 

removed from the feeder and weighed. When retrieving the baits each day we also 

noted their appearance (i.e. any peck marks or disturbance) and the presence of 

any birds near the sites. We were concerned that the addition of an insect odour 

may attract insects to eat the baits and hence increase the risk of secondary poising 

for birds so we recorded any insects we found on baits. Occasionally baits were 

found outside the feeder trays and these were collected so birds no longer had 

access to them. These baits were, however, considered eaten since the birds had 

removed them from the tray and were therefore not re-weighed. 

We alternated blue-pyrazine and green-cinnamon sites along each track to ensure 

that sites were evenly spread among vegetation types. Both the high and low 

feeder at any one site received the same type of bait for the duration of the trial i.e. 

either green-cinnamon baits or blue-pyrazine baits. An additional three sites (ie. 6 

feeders) were interspersed randomly between the other sites and treated similarly 

except that birds were prevented from touching or eating the baits by bird-netting 

raised on a wire frame above the feeders. The data gathered at these sites 
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provided information on how much moisture (and hence weight) the untouched 

baits absorbed during each 24 hour period. 
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On the third day of the experiment there was about 10 minutes of light rain which 

was insufficient to cause the baits to disintegrate and we were able to weigh the 

amount remaining at each feeder. Following this incident black polythene shelters 

were hung like small tents over the feeders. These shelters were 40 cm above the 

upper feeders and approx 60 cm above the lower feeders. The shelters were 

effective in preventing rain reaching the baits during short showers. Shelters 

were left for at least 24 hours before continuing the experiment to allow time for 

the birds to become familiar with them. The final three days of the trial were 

completed without further substantial rain. 

To avoid odour contamination between the pyrazine and cinnamon solutions and 

baits they were stored in separate buildings and all weighing was done at these 

separate locations. All equipment was kept separate except the scales. To further 

avoid cross contamination one researcher carried the ethanol mix and put out and 

retrieved all the green cinnamon baits from the feeders while another researcher 

did the same with the pyrazine solution and blue baits. 

Analysis 

The baits in the feeders that were not accessible to birds were heavier at the end of 

each 24 hours as they had absorbed moisture. The proportion of weight gained at 

each of the sites that were not accessible to birds was averaged separately for both 

high and low sites. These two averages were used to correct the weights of baits 

remaining at the test sites for moisture uptake. This was achieved by dividing the 

weight of the baits remaining at each feeder by the averaged value for the 

appropriate type of feeder (high or low). 

For both high and low sites we calculated the average weight of baits eaten during 

the whole six day trial. This weight was compared for green-cinnamon and blue-
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pyrazine baits by a Mann-Whitney test. For the low sites we also compared the 

amount eaten on the first day between treatments using the same test. 

Results 
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Robins were observed in the vicinity of seventeen of the twenty test sites and 

weka in the vicinity of twelve of the twenty sites. Both weka and robins were 

observed eating baits from the low feeders. Very few insects were observed on 

either type of bait (3 insects observed in total). Once the experiment had been 

running for several days some weka or pairs of weka were found waiting for the 

researchers at the feeders each morning. These weka would go straight to the 

feeders as soon as they were refilled and start eating baits. Eight of the weka seen 

near the feeders were colour-banded but only one of these weka was observed at 

two sites. The robins were not banded. 

The pattern of consumption observed in this experiment differed from that 

observed in our previous experiments with consumption at any one feeder tending 

to sift very quickly from zero, or minimal consumption, to complete or nearly 

complete consumption. While the weka's consumption was observed to increase 

from day to day in a previous experiment (Chapter 3) the increase observed in the 

present experiment was more rapid. This meant that the type of analysis used in 

the previous experiments (Chapters 2 - 5), which involved fitting curves to the 

daily consumption and analysing the rate of increase, was not appropriate for these 

data. 

The consumption at some feeders remained at or near zero for longer than at other 

feeders. On the first day 25 g or more was eaten, of the 30 g of baits available, 

from four of the green-cinnamon feeders while consumption at the remaining 

green-cinnamon feeders and all the blue-pyrazine feeders was below 10 g. At 

three of the green-cinnamon and eight of the blue-pyrazine feeders it was below 

2 g. The difference in consumption was significant on the first day with more 

green-cinnamon bait eaten (14.4 g ± S.E. 4.2) on average than blue-pyrazine bait 
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(1.8 g ± 0.8; H = 5.9, d.f. = 1, P = 0.016, Fig. 5). By the second day 25 g or more 

of the bait was eaten from five of the green-cinnamon feeders and only one of the 

blue-pyrazine feeders and less than 5 g was eaten from four green-cinnamon and 

five blue-pyrazine feeders. From Day 4 onward consumption was high at all but 

one of the feeders. Consumption remained at or near zero at this feeder (blue­

pyrazine) throughout the experiment. Over the six days of the experiment the 

difference between the average amount eaten per day of the blue-pyrazine baits 

and the green-cinnamon baits was significant at the 10% level with less blue­

pyrazine baits (17.4 g ± S.E. 4.8) consumed than green-cinnamon baits (22.8 g ± 

S.E. 3.3; H = 2.8, d.f. = 1, P = 0.096). 

Very little bait was consumed from the high feeders at any point in the experiment 

(Fig. 6) although occasionally we observed that baits had been disturbed. The 

difference in consumption was again significant at the 10% level with fewer baits 

consumed on average at the blue-pyrazine (0.18 g ± S.E. 0.05) than the green­

cinnamon sites (0.45 g ± S.E. 0.12; H = 3.4, d.f. = 1, P = 0.064). 
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Figure 5: The average (± S.E) amount eaten per day by birds from the low feeders on 
Kapiti Island. The squares show the consumption of blue-pyrazine baits and the circles 
show the consumption of the green-cinnamon baits. 
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Figure 6: The average (± S.E.) amount eaten per day by birds from the high feeders on 
Kapiti Island over the six days the baits were offered. 
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Discussion 

During the course of this experiment both weka and robins were observed eating 

green-cinnamon baits resembling those used in poisoning operations in New 

Zealand. This confinns previous observations that these species eat baits directly 

during such operations (Brown, 1993; Eason and Spurr, 1995; Spurr and 

Powlesland, 1997) and emphasises the importance of finding an effective bird 

deterrent for native New Zealand birds. 

The combination of blue and pyrazine reduced the amount of baits eaten relative 

to green-cinnamon baits. Consumption of blue-pyrazine pellets was lower on the 

first day and remained low for longer. This result suggests that pyrazine may be 

useful as a means of deterring birds from poisonous baits. While the overall 

difference in consumption was only significant at the 10% level· and the birds did 

eventually eat the blue-pyrazine baits, at all sites except one, this was still a very 

positive result, because weka appear to be a particularly difficult species to deter 

from baits (Chapter 3). We suggest that the addition of pyrazine may result in 

even greater reductions in consumption by other native bird species. 

Before Day 4 average consumption at the low feeders had been increasing steadily 

from day to day as all the baits were completely consumed at an increasing 

number of the feeders. From Day 4 onward consumption was at or near 100% at 

all but one site (Fig. 4). The jump in the proportion of sites at which all the baits 

were eaten followed the break in testing associated with the rain and the 

modification of the feeders to protect them from future rain. The feeders, 

therefore, had been empty for two days when baits were put out for Day 4. It is 

not possible to detennine whether consumption would have reached nearly 100% 

on Day 4 anyway or whether the increase in consumption was associated with the 

break in testing. 

While we have shown that blue and pyrazine are more effective than green and 

cinnamon, further testing is needed to establish the most effective combination of 
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cues. There are at least four components of the baits offered that may have 

influenced their relative consumption 1) the btue colour, 2) the green colour, 3) 
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the cinnamon, and 4) the pyrazine. Green was always offered with cinnamon as 

this is the combination commonly used in poisonous baits and blue was always 

offered with pyrazine since this is one of the combinations we found to be the 

most effective in Experiment 1. Our previous studies on captive weka from the 

same population (Chapter 3) showed that the weka were more willing to eat green 

novel food than blue novel food. The initial differences in consumption observed 

between the blue-pyrazine and green-cinnamon baits offered in this experiment 

may, therefore, have been due to differences in colour preference alone. Because 

we did not offer birds a choice between pyrazine and cinnamon combined with a 

single colour (i.e. blue or green) we cannot comment on the relative effectiveness 

of pyrazine and cinnamon in reducing consumption. It may be that changing the 

colour of baits used in poisoning operations from green to blue will result in 

reduced consumption of the baits by birds. To check this it would be necessary to 

offer birds the blue and green baits with a) cinnamon, b) pyrazine and c) neither 

cinnamon or pyrazine. This would show whether merely changing the colour of 

the baits from green to blue would result in reduced consumption of baits by birds 

and whether pyrazine was more effective in reducing consumption than cinnamon. 

This knowledge would allow recommendations to be made on the optimum 

combination of cues ( of those tested) for poisonous baits to discourage 

consumption by birds. 

Weka were observed to show a great deal of interest in the feeders. Robins are 

ground-feeders and we observed one robin eating baits from one of the low 

feeders. Robins weigh around 3 g (Heather and Robertson, 1996) and we suggest 

that the amount consumed from the lower feeders by birds such as robins would 

have been small relative to the amount consumed by weka which weigh from 

700 g (females) to 1000 g (males; Heather and Robertson, 1996). We did not 

observe any other birds near the feeders and we assume the consumption data at 

the low feeders was dominated by the weka. In retrospect in order to monitor the 
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consumption by birds other than weka, we would have needed to present baits in 

low feeders, protected from weka but still accessible to other types of bird. 

Feeders would be required in habitats, other than forest, to attract the attention of 

other species. 

The amount of water absorbed from the atmosphere by baits in 24 hours was 

considerable relative to the likely consumption of a small bird such as a robin. 

Some baits absorbed 10% of their original weight and absorption differed from 

feeder to feeder with, presumably, microhabitiat. The amount of water absorbed 

by the baits was considerably greater than the weight of bait recorded as missing 

from the upper feeders making it difficult to confidently attribute such small 

changes to consumption. Future experiments should consider more accurate 

methods of measuring interest by small birds perhaps by recording visits to the 

feeders rather than consumption. 

General Discussion 

The addition of pyrazine to the red and blue pellets was very effective in deterring 

captive weka from the pellets of both colours. When we offered blue-pyrazine 

baits to birds in the wild they also ate less of these baits than baits resembling 

those commonly used in poisoning operations in New Zealand. 

We believe that further research on pyrazine as a bait deterrent for native birds 

would be worthwhile. Pyrazine is reasonably priced. Based on the 1997 prices 

used by Spurr and Porter ( 1998) the addition of 0.01 % pyrazine to baits used for 

mammalian pest control in New Zealand would add about NZ $580 per tonne to 

the price of baits (Pyrazine Specialists, Atlanta, Georgia). At a bait application 

rate of 5kg/ha this would increase the average cost of operations by about $2.90 

per ha from $18 to $21 for cereal based baits and from $21 to $24 for carrot baits. 

While blue and pyrazine deterred the captive weka nearly completely the weka in 

the wild were more willing to eat the blue-pyrazine baits. There were several 
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differences between the captive and field experiment that may have contributed to 

the differences observed in consumption. 

The tests on captive weka lasted for 15 minutes each day while the birds in the 

wild had access to the baits for 24 hours. Birds in the wild may have overcome 

the deterrent effect of pyrazine more quickly as they could re-visit the baits many 

more times during the course of twenty four hours. 

We were unable to incorporate pyrazine into the baits during manufacture and the 

pyrazine odour may have evaporated off the baits and towelling in the wild trial 

during the 24 hour periods between replenishing visits thus reducing the 

pyrazine's effectiveness. We were also unable to incorporate the coloured dye 

throughout the baits and any baits that were broken while a weka fed would have 

revealed the core colour of the bait which may have appeared more attractive. We 

recommend that future researchers find a more satisfactory way of incorporating 

the pyrazine and colour into the test baits, such as during manufacture. Available 

technology from the food industry may provide a technique for maintaining the 

odour of food for an extended period of time. 

The actual blue that we offered differed between the captive and field experiments 

(Fig. la and lb). The same dye was used in both trials but the cereal based baits 

produced a greener blue because the base colour was beige rather than white. The 

qualities of the blue offered may affect how attractive it is for birds (Chapter 2). 

A further difference between the captive and wild weka was in the considerable 

differences in background of the two groups of weka tested. Many of the Kapiti 

Island weka were held in captivity during the poisoning operation three years 

previously and had therefore experienced a range of novel foods provided by 

humans while in captivity. Few weka that were not in captivity survived the 

poisoning so many, if not all, of the birds we tested had either been in captivity for 

many months or were the offspring of such birds. The weka that were tested in 
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the captive experiment, in contrast, were from the remote Solander Island, off 

Stewart Island, in southern New Zealand. These weka would have rarely 

encountered people as the island is difficult to land on, has no buildings, and is 

rarely visited by humans. The Solander Island weka were observed to be shy, very 

cautious of people, and would not eat novel food readily (L. Hartley, unpubl. 

data). If, as has been proposed, pyrazine is not aversive on its own (Guilford 

et al., 1987; Marples and Roper, 1996; Rowe and Guilford, 1996) but combines 

with distinctively novel food to reduce consumption, then the magnitude of any 

deterrent effect may be particularly sensitive to how familiar the test birds are with 

novelty. We suggest that the Kapiti Island weka were considerably more familiar 

with novel food than the Solander Island weka and, as a consequence, the pyrazine 

deterred them from the food we offered for a shorter period of time. We 

recommend further testing of pyrazine in the wild concentrating on a) native bird 

species other than weka, and b) wild weka that have had less extensive contact 

with people and whose behaviour may be more representative of other wild weka. 

It remains to be seen whether pyrazine is deterrent for the target species, rats and 

possums, although there is evidence that it may not be deterrent to mammals since 

it is an approved additive to human foods in the USA (Flavour and Extract 

Manufacturers Association No. 3433). Weka, in general, are likely to be one of 

the most difficult species to deter from poisonous baits due to their inquisitive 

nature. Even though the deterrent effect observed in our field trial was small it 

may equate to a much larger deterrent effect in other native birds. 
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The aim of this Ph.D study was to investigate two characteristics of poisonous 

baits, colour and odour, that could be manipulated to make baits safer for native 

birds. Chickens (Gallus domesticus), weka (Gallirallus australis) and New 

Zealand robins (Petroica australis) were offered a choice of up to six types of 

food simultaneously and this method proved effective in identifying preferences. 

An understanding of which cues that birds show least preference for eating may 

allow the production of baits that birds avoid. The cues tested were not repellents 

because it had already been shown that bird repellents, while effective in deterring 

birds, also tended to repel the target species, particularly rats (Chapter 1). 

Preference testing identified blue as the least preferred colour of those offered for 

all three species tested (Chapters 2-5) and the combination of blue plus pyrazine 

was effective in deterring captive weka from novel food (Chapter 6, 

Experiment 1). Blue plus pyrazine was more effective in deterring wild birds 

from realistic poisonous baits than the green and cinnamon combination currently 

in common use. Choice tests, then, were an effective technique for screening cues 

to identify a combination that made baits relatively unattractive for birds. 

In addition to identifying a combination of bait cues that produced baits that were 

less likely to be eaten by birds several other important findings came out of the 

series of experiments that made up this study. The findings are reviewed below in 

the context of pest control. 

This study found that all three species of bird tested had similar colour 

preferences. The most preferred colours were red and yellow and the least 

preferred were blue and, frequently, green (Chapters 2, 3, and 4). Two different 
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populations of the same species, robins, also showed the same colour preferences 

(Chapter 4). This consistency in preferences between species and populations was 

surprising as it was not previously thought that birds had generalised colour 

preferences. Marples and Roper (1997), for example, stated that it was "simplistic 

to think of birds as having generalised preferences for, or aversions to, food items 

of particular colours even within a single species or sex". While colour 

preferences in birds have been tested in the past any similarities in preferences 

between species appear to have been obscured by researchers: 1) using birds with 

differing backgrounds, 2) using birds of vastly different ages and experiences, 3) 

having different objectives in the experiments, 4) presenting different colours and 

5) using different ways of presenting the colours (Chapter 2). Kalmbach (1943) 

and Caithness and Williams (1971), however, observed that several bird species 

avoided green food. When I considered only those studies where adult birds were 

offered coloured food I found that half reported birds showing a preference for red 

and/or yellow food over blue and/or green food (Chapter 2) The consistency in 

colour preferences shown between the present and previous studies suggested that 

many species of birds may have similar preferences and that a colour that 

dissuaded one bird species from eating poisonous baits may be effective for many 

other species as well. 

It is unclear why Kalmbach ( 1943) and Caithness and Williams ( 1971) found 

green to be the least preferred colour while the present study identified blue as the 

least preferred. Comparison between studies was hampered by the difficulty of 

not knowing exactly what colours were offered by previous researchers. The 

different results in this, Kalmbach's (1943), and Caithness and Williams's (1971) 

studies, for example, may have been related to differences in the specific blues 

and greens tested. The present study differed from previous colour preferences 

studies in that the spectral reflectance curves of the colours tested were presented. 

Future researchers of colour preferences should also present the spectral 

reflectance curves of the colours tested to allow comparison between the colours 

offered in different experiments. 
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In this study I wanted to offer all the different bird species the same colours but I 

found that the different species would not eat the same food. As a consequence a 

new formulation of coloured food was offered to each species and the colours 

were matched as closely as possible to the colours offered to the other species. 

Inspection of the spectral reflectance curves for the coloured foods offered in each 

experiment showed that the colours were very similar. The only curve that 

differed in shape or position between experiments was the one for the yellow 

artificial fruits offered in Experiment 2, Chapter 2. This curve, unlike the curves 

of the other yellow foods, shows a dip at around 600 nm. The yellow artificial 

fruit looked the same colour to humans as the other yellow foods offered and it is 

unclear if the fruit would have looked any different to chickens. The spectral 

reflectance curves of the green foods used throughout this study are very similar to 

the curve of the baits dyed with the green dye used to dye baits in New Zealand 

(Experiment 2, Chapter 6). This similarity suggested that the preferences shown 

and conclusions drawn in this study for green were valid for the green of 

poisonous baits. 

This is one of the few studies that examined not only colour preferences of 

individual birds but also colour preferences when birds were offered the same 

colours repeatedly. These two measures are important for the following reasons. 

A measure of the colour preferences of individual birds was important because it 

gave an indication of the variability in colour preference within a population and 

hence what proportion of individuals may avoid eating a particular colour. There 

was considerable individual variability and this has also been noted by other 

researchers looking at colour preference in birds (Willson and Comet, 1993) 

(Willson, Graff and Whelan, 1990; Puckey, Lill and O'Dowd, 1996). This finding 

suggested that it is likely that a proportion of individuals would eat baits no matter 

what colour they were dyed. It is probably unrealistic to seek a combination of 
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proportion of birds as possible from baits. 

A measure of a bird's colour choices when it was offered the same colours 

repeatedly was important as it gave an indication of whether a bird was more 
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likely to eat a bait of a particular colour as time passed. In the experiments 

described in this thesis the same pattern was observed repeatedly. Weka and 

chickens would start by eating a few of the coloured pellets, but by the last test 

(usually Day 6), these birds were generally eating all the food offered regardless of 

the colour. There were two aspects to this pattern. Firstly birds ate more and 

more pellets each day and secondly birds ate more and more colours each day. It 

was possible that the patterns observed indicated that wild birds would be more 

inclined to try novel food in the form of baits as time passed. Alternatively the 

pattern observed may have been related to the experimental design with birds only 

trying the less preferred colours after they had eaten the more preferred colours 

and learnt that they were safe. If the presence of more preferred colours 

encouraged birds to eat the other colours then wild birds may not try baits at all if 

only one bait type was used and this type was less preferred. Chapter 6, 

Experiment 2, provided support for the first scenario. When wild birds were 

offered only one type of food, not a choice, they ate more of the novel food as 

time passed. Recent research by Marples, Roper and Harper ( 1998) also 

supported this conclusion. When blackbirds and robins were offered novel 

coloured food repeatedly some of them ate it immediately while others took up to 

87 exposures before they ate it. All birds did eventually adopt the novel food into 

their diets (Marples et al., 1998). It appears from the weka and chicken studies 

that the longer baits are in the field the more likely birds are to try them. 

The robins (Chapter 4) showed a different consumption pattern from the weka and 

chickens. Thirty seven percent of robins did not try the novel food offered during 

the six test days despite feeding on natural foods for extended periods on the test 

areas (Chapter 4). In addition, the robins that did eat the coloured food, only ate 
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two or three colours throughout the experiment. This latter difference may reflect 

differences in experimental method rather than species differences. The robins 

were offered more food of each colour relative to their size and appetite than the 

weka and chickens and were not, therefore, 'forced' to eat their less preferred 

colours as their more preferred colours ran out during each test. The robins may 

have been just as adaptable in their colour choices as the weka and chickens if 

they had been offered less food of each colour per test. Marples et al.' s ( 1998) 

study suggested that even the 'non-eating' individuals may have eaten the novel 

food eventually. It is important, therefore, to test birds' reactions to baits in the 

field for the length of time the baits will remain toxic and this process should be 

repeated for each species of concern. 

This was the first study in which the same series of colours was offered to 

different species of birds. This consistency allowed comparison of preferences 

between individuals, populations and species but it did not allow consideration of 

the birds' preferences for shades or colours other than those offered. An analysis 

of the luminance of the colours offered to chickens in Chapter 2, showed that 

chickens may have preferred to eat light (luminant) colours over dark colours. 

The chickens, however, did not show a preference when they were offered four 

shades of blue. Two conclusion can be drawn from these results. Firstly it would 

be prudent to avoid using light coloured poisonous baits as birds may be attracted 

to eat them. Secondly birds, in this and previous studies, may have been choosing, 

at least partly, on lightness or a related attribute of the coloured food offered. 

Brown was the darkest of the colours offered but was not the least preferred so the 

relationship between lightness and preferences was not absolute. 

In summary it appeared that although birds had pre-existing colour preferences 

which they based their initial foraging decisions on, at least some species, had 

behavioural mechanisms which allowed individuals to sample and eventually 

incorporate foods of less preferred colours into their diets. This finding is not 

surprising as there are numerous examples of birds adapting to novel food sources. 
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Silvereyes (Zosterops lateralis), for example, colonised New Zealand from 

Australia and now eat a range of foods not present in their native land (Heather 

and Robertson, 1996), as do other introduced bird species (Williams and Karl, 

1996). There are also examples of birds changing their colour preferences when 

researchers have artificially manipulated the food reward associated with 

particular colours (Slaby and Slaby, 1977; Melendez-Ackerman, Campbell and 

Waser, 1997). Birds also readily adopt new food sources, such as fruit, into their 

diets as the fruit ripens in orchards (Porter, Rudge and Mc Lennan, 1994). The 

adaptability observed suggested that, even if a particular colour discouraged a bird 

from eating a bait the first time the bird encountered the bait, a bird may 

investigate the bait and eat it on subsequent encounters. While many species 

appear to have similar colour preferences and colour may be useful in deterring 

some birds from poisonous baits it will probably not by useful in deterring native 

birds with opportunistic feeding styles such as weka. 

In Chapters 5 and 6 I investigated a second cue odour. Methyl pyrazine, an insect 

warning odour, was found to be an effective deterrent when combined with some 

cues but not others. It did not deter robins from familiar food or chickens from 

novel food of familiar colours (Chapter 5) but it did deter weka from food of a 

novel colour and formulation (Chapter 6, Experiment 1). Weka were deterred 

from both red and blue food when it was presented with pyrazine. It has been 

suggested that the conspicuousness or distinctiveness of cues may play a role in 

the deterrent effects associated with brightly coloured toxic insects (Chapter 5). 

My study supported this conclusion since pyrazine deterred weka in association 

with novel coloured food but not chickens in association with familiar coloured 

food. 

This study was the first to attempt to adapt a natural signalling system to deter 

birds from baits. Research may also tum up other systems in nature which may be 

worthwhile testing. The defensive systems of New Zealand insects, for example, 

may be worth investigating. Some native New Zealand ants release methyl 
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pyrazine (Ponerine subfamily; Fales et al., 1992) and other New Zealand insects 

exude noticeable smells when attacked (Rowan Emberson, Lincoln University, 

Lincoln, pers. comm.; Greg Shirley, Department of Conservation, Wellington, 

pers. comm.). 

A key problem in deterring birds from poisonous baits is the difficulty of 

identifying a deterrent that does not also deter the target pest species. The colour 

of a bait does not affect consumption by several mammalian species including 

possums but it remains to be seen whether the insect warning odour tested, methyl 

pyrazine, deters the target mammalian species in New Zealand. It is important 

that this is determined before further work is conducted on the addition of methyl 

pyrazine to baits to deter consumption by birds. 

In summary the combination of blue plus pyrazine was more effective at deterring 

birds from realistic poisonous baits than the combination of green and cinnamon 

which is in general use. The majority of birds visiting the baits appeared to be 

weka and the small reductions in consumption observed for this species may 

equate to a considerably larger reduction in consumption by other native bird 

species with less adaptable feeding habits than weka. The combination of blue 

and pyrazine deserves more field testing. While it seems unlikely that all the 

individuals in a given population will be deterred by any particular combination of 

cues this study has shown that there may be better combinations than the one 

currently in general use in New Zealand. 
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