CHAPTER 3

CONCENTRATION-DEPENDENT RESPONSES TO ODORANTS

INTRODUCTION

Chick embryos and chicks siow physiological and behavioural responses when
they are exposed to odorants (see Chapter 1, pages 2-8). On day 20 of incubation,
embryos demonstrate increases in heart rate, bill clapping and head shaking following the
presentation of amyl acetate, cineol¢, formic acid or dichloroethane odours (Tolhurst and
Vince, 1976). Several studies have shown that chicks are able to detect and respond to
odorants, as discussed in Chapter 1, but there is no method available to test the chicks'
responses to graded concentrations of odour easily and reliably. Therefore, the aim of
the experiments reported in this chapter was to determine whether 1-day-old chicks alter
their behaviour consistently in response to different concentrations of odour. It was
considered particularly important t> design a species-specific test that would simulate
natural exposure to odours in the newly hatched chick. As chicks peck readily at small
conspicuous objects (Hogan, 197 ), a test based on pecking coupled with odorant
presentation was developed. A imethod of repeatedly delivering odours at various

concentrations was designed.

The test involved presenting -he chick with a bead that was attached to a sample
cup. The odours were delivered Jy applying the odorant to a piece of cotton wool
within the sample cup (referred to i s static olfactometry, see Chapter 2, page 34). This
procedure has been used as a test o olfaction in a range of mammalian species, including
rats (Moulton, 1960) and primates (Laska and Hudson, 1993). The amount of odour
presented was measured as the final volume of liquid odorant applied to a sample cup
after dilution with a solvent. Ideally, the concentration of an odour should be measured

as the exact number of molecules that reach the olfactory epithelium. However, this is
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difficult to achieve in practice, and virtually impossible to determine in a freely moving
animal that is allowed to breathe (sniff) normally (Moulton, 1975). Therefore, the focus
of the present experiments was to ccompare the chicks' responses to several
concentrations of odour using a standardised method of presentation, rather than to

determine the exact number of odou - molecules required to elicit the response.

The pecking responses of chicks were measured following the presentation of a
small bead coupled with odour. Tte following were scored; the number of chicks that
pecked the bead, the number of times that chicks pecked the bead and the latency for
chicks to peck the bead. The first of these measures provides quantal or "all-or-none"
data and is the simplest way to assess the chick's response. The number of pecks and the

latency to peck provide continuous or graded data.

Another behaviour that was observed in preliminary trials, using this method of
odour presentation, was head shaking. This behaviour is used as a measure of olfactory
responsiveness in the chick (Tolhirst and Vince, 1976; see Chapter 1 pages 3-4).
Therefore, bouts of head shaking following the presentation of odour coupled with the
bead were also measured. This behaviour can also be measured as the absolute number
of chicks responding, the amount of responses, or number of times they respond and the

latency to respond.

The relationship between the >oncentration of an odour and its perceived intensity
can be measured in terms of three biological variables (Tucker, 1963; Patte et al., 1975).
These are the threshold, the supra hreshold slope and the saturation point. As these
variables represent the responses to different concentrations of an odour they are
measured separately. The differenczs betwzen these variables and the different methods

for measuring them are addressed below.

The threshold for responding to an odour is defined as the lowest concentration of
the odour that produces a response. This can be determined using several different
methods. For example, the olfact)ry detection threshold is determined in humans by

presenting subjects with a series of odour concentrations and asking the subjects to
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indicate verbally whether they have: detected the odour (Doty and Kobal, 1995). The
threshold for detection of an odour varies {from subject to subject (Stevens et al., 1988)
and, if the detection threshold to a particular odour is obtained from a number of
subjects, a mean detection threshold value can be calculated. Testing subjects that are
unable to provide a verbal response means that the odour threshold has to be determined
using either a physiological or a bchavioural response. These techniques may involve
monitoring changes in electrical activity of the olfactory bulb, heart rate and respiration
rate following the presentation of odours at differing concentrations (Neuhaus, 1963;
Wenzel, 1967, Wenzel and Sieck, 1972). For example, Walker et al. (1986) used a
cardiac conditioning paradigm to d:termine absolute odour thresholds in adult pigeons.
This involved presenting a bird rest-ained in a light- and sound-attenuated chamber with
a known concentration of odour paired with electric shock. Sequentially lower
concentrations of odour were then presented. These birds had an absolute threshold in

the range of 0.31-29.80 ppm for n-amyl acetate and 0.11-2.59 ppm for n-butyl acetate.

Behavioural responses obtained from operant conditioning procedures have also
been used to determine odour thresholds in birds. For example, Stattleman et al. (1975)
trained pigeons, chickens and quail; (Colinus virginianus) to peck a key in response to
the odour of pentane, heptane or hcxane and found that they all had odour thresholds in
the range of 0.3-9.0 ppm. This s just one of a number of studies that have used
behavioural responses to establish odour thresholds (i.e. Michelsen, 1959; Henton, 1969;
Henton et al., 1969). Although this provides evidence that chickens have perceptual
abilities similar to pigeons (Stattlenan et al., 1975), there are several limitations to this
procedure. For example, this methcd has been used for adult animals only and requires a
considerable amount of training before testing. Thus, it is not a suitable method for

obtaining responses to odour in youag birds.

It was considered possible that the quantal data obtained in the present experiment
could be used to determine the odour detection threshold. The concentration of odour
to which 50 percent of individual; respond is defined as the detection threshold, as

indicated earlier for humans (Doty :nd Kobal, 1995). Figure 3.1 shows that a plot of the
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frequency of positive responses against the logarithm of stimulus concentration results in
a sigmoid-shaped curve with the asymptotes of the curve at frequencies of 0 and 100%.
The detection threshold is equivalent to the inflection point of the curve. However, as it
is not possible to determine if the click has detected the odour unless it demonstrates a
response, the term ‘response threshold' is preferred here. The 'response threshold' would
be equivalent to the EDsq (50% efiective dose) that is determined from quantal-dose-

response curves in pharmacological dose-effecct experiments (Craig and Stitzel, 1986).
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Figure 3.1 The relationship between frequency of responding and the physical
intensity of a stimulus is depicted. The curve is a sigmoid-shape with asymptotes at
frequencies of 0 and 100%. The in ensity of a stimulus that evokes a response in 50% of
individuals is said to be the responsc: threshold.

A graded response, such as the number of times the chick performs an act, is likely
to provide more information about suprathreshold responses (e.g. Pryor et al., 1970;
Doty and Kobal, 1995). In humans, for example, positive responses to suprathreshold
concentrations of odour have been found to increase (until a saturation point is reached,
see later) according to a power func.ion (Engen, 1965; Stevens, 1970; Moskowilz et al.,
1976; Berglund et al., 1986; Sauvigeot, 1987). However, this relationship has been
established using a psychophysical approach, in which, human subjects are required to
assign numbers to different odour intensities (magnitude estimation; Berglund et al.,

1971) and thus may not be directly applied Lo data arising from the present experiments.
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An attempt was made in the present experiments to determine if chicks show
suprathreshold responses and, if so, to describe these responses using a mathematical

equation.

The maximal suprathreshold re;ponse (saturation point) depends on the physical
components of the stimulus, such as tie number of odorant molecules that can occupy a
unit volume of air. It also depends on physiological aspects of the individual, such as
nasal air-flow dynamics and the number of available receptors or neurones that can be
stimulated by the odorant. When no further response can be evoked with increasing
stimulus intensity, the saturation poin' has becn reached. Suprathreshold responses may
also be described in terms of the concentration that results in 50% of the maximal
response. The EDs, can also be determined from a graded-dose-response curve (Craig
and Stitzel, 1986). In the experiments of this thesis the term ECsy (50% effective
concentration) is used in preference o0 EDsg to distinguish between a pharmacological
dose and odour concentration, althot gh in every other respect the two terms could be

used synonymously.

There may, therefore, be seve-al ways of describing a chicks' responses to an
odour. To establish whether there is . relationship between odour concentration and the
chicks' responses, and whether these conform to the concentration-response relationships
described above, chicks were presented with different concentrations of iso-amyl acetate.
This odorant was chosen as it has been used in olfactory tests in chicks (Tolhurst and
Vince, 1976, Vallortigara and Andr:w, 1994), other avian species, such as pigeons
(Henton, et al., 1969), as well as in riammals (Slotnick and Schoonover, 1992). Some
of the chicks were tested in one trial cnly (Experiment 3.1), while others were tested in a
series of trials (Experiment 3.2). By esting chicks repeatedly, a within-subject response
may be established to the different concentrations of odour. This may provide a more

reliable range of responses.

There may, however, be a numer of problems associated with testing repeatedly.

It is possible that chicks presented with odour in a series of trials may respond differently
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to those tested once only, due to the effects of repeated testing: Also, by presenting
odour coupled with a visual stimulus it is possible that the repeated presentations of the
visual stimulus could cause visual hubituation. Therefore, beads of different colours
were used in each of the trials. As repeated presentations of different concentrations of
odorant are known to affect the response threshold and the suprathreshold responses
depending on the order with which tt ey are presented, at least in humans (Pangborn et
al., 1964), the effects of the order cf presentation were examined in Experiment 3.2.
Once the task testing olfaction had been established, other chicks were tested with
different odorants (allyl sulfide and ev genol) 1o determine whether this method provided

consistent results (Experiment 3.3).

EXPERIMENT 3.1: CONCENTRATION-RESPONSES USING SINGLE EXPOSURES TO
THE STIMULUS

The aim of this experiment wa: to establish a method for presenting chicks with
different concentrations of iso-amyl acetate and to determine graded responses to

increasing concentrations of odorant.

Methods
Thirty-six chicks (20 males anc 16 females) were used. Incubation and housing

conditions were according to the mett ods described in Chapter 2 (pages 24-25).

Stimulus

The visual components of the t:sting stimulus and the testing cage were identical
to those described in Chapter 2 (desc ibed on pages 28-31 and illustrated in Figures 2.3
and 2.4, pages 29 and 30). The bead colours used in this experiment were red, dark
blue, light blue, yellow, light green ar d dark green (see Figure 2.3, page 29). Different
bead colours were chosen to match s 1bsequent repeated tests and because half of these
chicks were tested in a further five trials in Experiment 3.2 (see page 61). A white bead

was used during the training trials.
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Preparation of odorants

Five different concentrations of iso-amyl acetate were used. The highest
concentration of odorant used undilut:d iso-amyl acetate (100% v/v), and undiluted 70%
ethyl alcohol (the solvent) was usec for the control stimulus. Log,, dilutions were
prepared in the solvent and 10 pl of each solution was applied to a clean piece of ’éotton
wool inside a sample cup. The conc:ntration of odorant is expressed as the volume of
iso-amyl acetate in the sample cup afier dilution (i.e. 103, 102, 101, 1 or 10 pl iso-amyl
acetate). Each sample cup was pleced into a sealed vial to which it was returned

between trials and each stimulus was discarded after it had been used in six trials.

Testing procedure

Initially, each chick received two training trials with a white, unscented bead
presented for 20 s. Ten minutes after the second training trial, each chick was presented
with a differently coloured bead toge her with odour for 10 s. Chicks were assigned a
different combination of bead colou- and odour intensity assigned by a Latin-square
design, such that no two chicks received the same combination. Thus, scores for this

experiment were obtained by each chick receiving only one testing trial.

For each trial the number of botts of head shaking, the number of pecks directed at
the bead, the latency to the ﬁrstkbout of head shaking and the latency to first peck were
recorded from the video tapes accord ng to the procedure described in Chapter 2 (pages
37-39). Each trial was coded so that the experimenter was not aware of the volume of

iso-amyl acetate in the sample cup.

Results

The scores for the amount of h:ad shaking and pecking were tested for normality
with the Kolmogorov-Smimov Goodr ess-of-fit test and both measures were found to be
highly skewed (head shaking: z=4.31, P<0.001; pecking: z=1.85, P<0.005).
Furthermore, a standard logarithmic ¢r square-root transformation (Martin and Bateson,
1994) was unable to sufficiently correct these right-skewed data. Thus, these data were

analysed using the non-parametric statistical procedures outlined in Chapter 2 (see page
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41). As the training trials were used .0 familiarise the chicks with the testing apparatus,
the results of these trials will be presented first, followed by results of the testing trial.
Training trials
The mean responses during each of the two training trials are presented in Table

3.1.1. There were no significant diffcrences between the first and second training trials
for either the number of bouts of hcad shaking (Wilcoxon signed ranks test: z=0.59,

=().55), latency to the first bout of I ead shaking (z=0.70, P=0.48), amount of pecking
(z=0.44, P=0.66) or latency to first pe :k (z=1.46, P=0.14).

Table 3.1.1 Mean + SEM head sh:king and pecking responses during the training
trials

Number of head Latency to first Latency to first
shaking bouts he:d shaking bout  Number of pecks peck
Training trial 1 0.22+0.11 18.58 + 0.63 2.89 + 0.48 11.15+ 1.20
Training trial 2 0.14 £ 0.06 19.09 £ 0.46 2.67 £0.36 9.23+1.14

The chicks were divided into six separate groups for the presentation of different
concentrations of odour (n=6 per group). Thus, the chicks' responses in the training
trials were also analysed according to these groupings. There was a significant
difference between these groups in the number of pecks made at the bead during the
second training trial (Kruskal-Wallis test: KW=11.30, df=5, P=0.046). However, no
significant differences were found be ween groups for the number of pecks during the
first training trial (KW=5.96, P=0.31", the larency to peck (Trial 1: KW=6.68, P=0.25;
Trial 2: KW=1.09, P=0.96), the latency to shake the head (Trial 1: KW=3.56, P=0.61;
Trial 2: KW=1.16, P=0.95) or the nimber of head shaking bouts (Trial 1: KW=3.56,
P=0.61; Trial 2: KW=1.13, P=0.95).
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Responses to odorant in the testing trials
The results for the testing trial are presented in three sections, the first dealing with
the results for the head shaking, the n2xt covering the results for pecking responses and

the third reporting on the possible rela ionship between these two behaviours.

Head shaking responses

The number of bouts of head shiking made by each chick during the testing trial is
presented in Table 3.1.2. Each chick was presented with a different combination of
visual and olfactory components duriag the testing trial. Thus, the data are organised
according to the colour of the bead ind the concentration of odour presented. Fifty-
eight percent of chicks shook their he ids during the testing trial. There was an increase
in the number of chicks shaking their heads, as well as an increase in the number of head
shaking bouts with increasing concer tration of odour. The increase in the number of
bouts of head shaking with increasing odour concentrations was significant (KW=18.52,
P<0.005). There was, however, no significant effect of bead colour on the number of
bouts of head shaking (KW=1.87, P=).87). Thus, head shaking behaviour was affected
by presenting different concentratiois of cdour and did not appear to have been
influenced by the differently coloured beads. There was a clear concentration-dependent
increase in the head shaking response.

Table 3.1.2 Head shaking resporses by individual chicks to differently coloured
beads coupled with the various concentrations of iso-amyl acetate

Concentration of iso-amyl acetate (ul)

Bead colour 0 103 102 10 1 10
red 0 0 0 1 1 2
yellow 2 0 0 1 1 4
light green 1 0 0 1 4 3
dark green 0 3 1 0 1 3
light blue 0 0 0 0 2 3
dark blue 0 0 2 1 2 2

Each of the values tabulated above in licates the number of bouts of head shaking given by
a single chick (n=36). For example, the chick presented with a red bead and the 0 pl
stimulus did not shake its head, wher:as the chick presented with a red bead and the 10 pl
stimulus shook its head twice.
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The mean + SEM number of head shaking bouts, for each concentration of iso-amyl
acetate, is presented in Figure 3.”.1. In this figure the data are presented as the
concentration of odour (as the volune [pl] of odour applied to the sample cup), on the
abscissa (logarithmic scale), and the number of bouts of head shaking, on the ordinate
(linear scale). Post hoc analysis wita the Wilcoxon-Mann-Whitney test revealed that the
number of bouts of head shaking v-as significantly greater to both 1 and 10 ul of iso-
amyl acetate than to the control stimulus (z=2.09, P=0.04; z=2.81, P<0.01, respectively).
The amount of head shaking increased between 10! and 1 pl of odour. The amount of

head shaking did not appear to react. a maximum, as there was no upper asymptote.
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Figure 3.1.1 The mean (x SEM) number of bouts of head shaking given by chicks
presented with different concentrations of iso-amyl acetate is plotted. Chicks were
presented with odorous stimuli couled with differently coloured beads, each tested in one
trial only. Mean scores annotat:d with an asterisk indicate a significant difference
compared to the response obtaincd from chicks that were presented with the control
stimulus (P<0.05, Wilcoxon-Mann ‘Whitney test, n=6 chicks per data point).
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The numbers of bouts of heid shaking were analysed using a curve fitting
regression analysis (SPSS*/windows) to determine the nature of the relationship between
odour intensity and suprathreshold responses as either a linear, logarithmic or power
function. As the logarithm of zero is not defined, unity was added to each of the head
shaking scores in response to stimuli that werz above the response threshold (10!, 1 and
10 pl of odour). As these data 'vere normally distributed (Kolmogorov-Smirnov
goodness-of fit test: n=18, z=1.02, P=0.26), they could be examined by regression
analysis. This analysis revealed that the number of bouts of head shaking were most
effectively described by either a power function (F2,16=23.41, P<0.001, r=0.77) or by a
logarithmic function (F2,16=20.43, P<0.001, r=0.75) rather than a linear equation
(F2,6=12.55, P<0.01, r=0.66). The exponent for the power function (0.19) and the
logarithmic function (0.47) indicated the slope of the line on log-log or log-linear

coordinates, respectively.

The latency to the first bout of head shaking is presented in Figure 3.1.2. There
was a significant effect of odour con:entration on the latency to the first bout of head
shaking (KW=14.11, df=5, P<0.05). Chicks presented with the control stimulus shook
their heads after a significantly longer delay than those presented with either 1 or 10 pl of
iso-amyl acetate (z=1.96, P=0.05; z=2.45, P=0.01, respectively). There were no
significant differences between the atency to respond to the presentation of lower
amounts of iso-amyl acetate and the atency to respond to the control stimulus. Figure
3.1.2 shows that there was a consistent decrease in the latency to shake the head with

increasing concentrations of odorant.

There was a strong negative relationship (Spearman rank-order correlation:
r=-0.84, P<0.001) between the laten:y to the first bout of head shaking and the number
of head shaking bouts. Thus, a decreise in the latency to shake the head was associated

with an increase in the number of bou s of head shaking.
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Figure 3.1.2 The mean (+ SEM) latency to the first bout of head shaking by chicks
presented with different concentrations of iso-amyl acetate is presented. See Figure
3.1.1 for details of presentation.

The numbers of chicks whicl. shook their heads at least once in the trial are
presented in Figure 3.1.3. If a chick shook its head, it was assigned a score of 1 and, if it
did not respond, it was assigned a score of 0. There was a clear concentration-
dependent increase in the number of chicks shaking their heads with increasing
concentrations of odour. All chicks shook their heads when 1 or 10 pl of iso-amyl
acetate were presented and thus there was a maximum value (equivalent to the upper
asymptote of the sigmoid curve, sec Figure 3.1). The inflection point of the sigmoid
shaped curve on log-linear co-ordinites (sec Figure 3.1) coincides with 50% of chicks
responding and this point is used to ¢ btain the response threshold. Using this method the
response threshold is at 1015 ul of .so-amy! acetate (indicated by the vertical unbroken
line in Figure 3.1.3). However, thit method does not account for the baseline level of
responding (referred to as noise) to the control stimulus, which is above zero. Thus, the
dashed line in Figure 3.1.3 indicates the lower asymptote set at the baseline level above

zero and, using this method, the response threshold was at 10! ul of odorant.
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Figure 3.1.3 The number of chicks that shook their heads to the presentation of
different concentrations of iso-:myl acetate. The response threshold has been
calculated according to two differen: methods (see text). The unbroken line indicates the
response threshold based on half ¢of the maximum number of chicks responding. The

dotuted line incorporates the baseline level of responding (noise) to determine the response
threshold.

Pecking responses

The number of pecks at the differently coloured beads coupled with different
concentrations of iso-amyl acetate i; presented in Table 3.1.3. Ninety-two percent of
chicks pecked at the bead during the testing trial but there was a significant effect of
presenting the different concentrations of odour (KW=16.08, P=0.007) on the amount of
pecking. There was no significan! difference between the number of pecks to the
differently coloured beads (KW=8.73, P=0.12). Thus, pecking behaviour was affected
by presenting different concentrations of odour but not significanly by differently
coloured beads. However, it must be stated that the amount of pecking at a yellow bead
tended to be less than that at a dark ;ireen or a dark blue bead (Wilcoxon-Mann-Whitney
test: z=1.94, 0.10>P>0.05), and it was significantly less than at a light blue bead (z=2.68,
P=0.008).
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Table 3.1.3 Pecking responses Dy individual chicks to differently coloured beads
coupled with various concentrations of iso-amyl acetate

Concentration of iso-amyl acetate (ul)

Bead colour 0 103 102 10! 1 10
red 4 7 9 4 2 1
yellow 0 4 3 2 5 0
light green 0 12 6 4 3 3
dark green 4 12 9 5 5 2
light blue 9 9 6 6 6 4
dark blue 4 6 5 6 9 1

Values indicate the number of peck: at the bead by a single chick (n=36) and are tabulated
as for Table 3.1.2,

The results for the mean nuriber of pecks at the bead are presented in Figure
3.1.4.B. The data are presented on semi-logarithmic plots, as for the head shaking
responses plotted in Figure 3.1.1. .%o0st hoc analysis with the Wilcoxon-Mann-Whitney
test revealed that chicks pecked sigrificantly more when 103 pl of iso-amyl acetate was
presented than when either the control stimulus (z=2.13, P=0.03) or 10 pl of odour
(z=2.82, P<0.005) were presented. "The chicks' responses to odour concentrations above
103 pl of odour were not significintly different from that obtained when the control
stimulus was presented. Although there was a suppression of pecking with increasing
odour concentration, the concentration-response curve for pecking was not as clear as
that of head shaking. Despite this trend, the latency for the first peck was not
significantly affected by odour coicentration (KW=1.17, df=5, P=0.95; sec Figure
3.1.4.C) and there was only a weal: negative relationship (rs=-0.33, P=0.046) between
the latency to peck and the numbcr of pecks. Furthermore, in contrast to the head
shaking results, the number of chicks pecking the bead was maximal to the presentation

of all concentrations of iso-amyl acetate (sec Figure 3.1.4.A).
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Figure 3.1.4 The number of chic<s pecking (A), the mean (+ SEM) number of pecks
(B) and the mean (+ SEM) latency to first peck (C) at beads coupled with different
concentrations of iso-amyl acetate. Chicks were presented with odorous stimuli coupled
with differently coloured beads in one trial only. The data are presented as in Figure
3.1.1. Mean scores annotated with an asterisk indicate a significant difference compared
to the responses obtained from chicks that were presented with the control stimulus
(P<0.05, Wilcoxon-Mann-Whitney test, n=6 chicks per data point). Note that no SEM are
included in (A) as these data indicate the total number of chicks pecking.
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Relationship between head shaking and pecking

An additional way to describe the chicks' response to odour was to examine the
relationship between pecking and head shaking. There was a mild negative relationship
between the number of pecks directed at the bead and the number of bouts of head
shaking (Spearman rank order ccrrelation: rs= -0.42, P=0.01) but there was no
relationship between the latency to peck the bead and the number of bouts of head

shaking (r==-0.20, P=0.23).

To determine whether head skaking precedes pecking or vice versa the responses
of each chick and at each of the concentrations of odouf were allocated to one of four
possible categories. These included (1) pecked at the bead but did not shake the head,
(2) pecked at the bead and then shook the head, (3) shook the head but did not peck at
the bead or (4) shook the head and then pecked at the bead. The results of thié analysis
are shown in Table 3.1.5. There w:re no occurrences of a chick shaking its head and
then pecking at the bead, only two out of a total of 36 (6%) chicks shook their heads
without pecking at the bead and in %3% of cases the chick pecked at the bead and then
shook its head. Therefore, with incieasing odour concentration more chicks shake their

heads but only after pecking the beac .

Table 3.1.5 Sequence of pecking and head shaking responses to various
concentrations of iso-amyl acetate

Concentration of iso-amy! acetate (ul)

Category 0 103 102 10! 1 10
1. peck only 4 5 4 2 0 0
2. peck then shake head 1 1 2 4 6 5
3. shake head only 1 0 0 0 0 1
4. shake head then peck 0 0 0 0 0 0

Values indicate the number of chick s responding (n=6 chicks per concentration).
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Discussion

Testing separate groups of ch cks each with a different concentration of iso-amyl
acetate resulted in concentration-dependent changes in head shaking and pecking. The
amount of head shaking increased with increasing odour concentration, whereas the
amount of pecking increased at the lowest concentration of iso-amy! acetate (103 ul) and
decreased with increasing concentrations of odour. Head shaking behaviour produced
the clearer results as there was a concentration-dependent change in the number of
chicks responding, the latency to 'espond as well as the number of bouts of head
shaking. For pecking, concentration-dependent changes were found for the number of

pecks at the bead but not the number of chicks pecking or the latency to first peck.

There was a clear concentration-response curve for the number of chicks shaking
their heads and this was similar to the sigmoid-shaped curve of Figure 3.1. However,
there was a low level of head shakiag in the absence of odour, i.e. during the training
trials as well as to the control stimul 1s. Therefore, it was necessary to allow for the low
level of 'noise’ by adjusting the baseline and then recalculating the response threshold. As
shown in Figure 3.1.3 there was only a slight increase in the response threshold value

when the baseline level of responding was taken into consideration.

The relationship between sup.athreshold concentrations of iso-amyl acetate and
head shaking was best described by either a power or a logarithmic function. As the
responses were compared over only three different concentrations, it is doubtful whether
any useful interpretation can be drav/n from these equations. However, it can be noted
that the exponent found for the pcwer function is comparable with published values

obtained from psychophysical tests using iso-amyl acetate (0.25; Patte et al., 1975).

While there was a clear charge in the number of head shaking bouts and the
latency to head shake to suprathreshold concentrations of iso-amyl acetate, there did not
appear to be an upper limit for rzsponding. That is, the response did not reach
asymptote at the highest concentration of odour delivered. Thus, it was not possible to

determine accurate ECs, values for these data.
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It was not possible to calculat: the number of odorant molecules required to elicit
the response, or the effective stimulus concentration. The method of presenting the
odours was kept relatively constant although the exact concentration of odour in the air
surrounding the sample cup was not measurcd. Furthermore, the concentration of odour
delivered by static olfactometry is cirectly affected by factors such as the temperature,
humidity, vapour pressure of the odc rant, diffusion coefficient of the odour in air, as well
as convection currents within the testing cage (including those created by the chicks

movements).

The results from this experimnent suggest that there is an inverse relationship
between pecking and head shaking. That is, the stimulation of head shaking is matched
with a suppression in pecking. Hovwever, it appears that pecking and head shaking are
elicited by different stimuli. It is possible that pecking and head shaking responses are
linked, such that a chick will shakc its head only after it has pecked. However, this
explanation does not seem plausible given that the delay for chicks to peck the bead was
relatively invariant to each concentration of odour, whereas the latency to shake the head

decreased with increasing concentra ions of odour.

Thus, the first peck(s) appears to be elicited by the visual cues. The chick then
responds to the odour and this results in a suppression of pecking and the stimulation of
head shaking, at the higher concen rations of odour. For example, if we look at the
chick's response to a high concentra ion of odour, such as 10 pl, then the occurrence of
each behaviour can be expressed dia;zrammatically. In Figure 3.1.5 the chick is presented
with the bead and sample cup (to which 10 ul of iso-amyl acetate has been added). The
odour diffuses into the air surrounding the sample cup. It is likely that an odour gradient
exists, such that the strength of odour decreases with increasing distance from the sample
cup. When the odour, coupled with the bead, is introduced into the testing cage, the
concentration of odour may be very low in the air surrounding the chick, but the chick
can see the coloured bead. Thus, the motivation to peck at the bead would be based

solely on visual cues. This explanaiion seems likely as 33 out of 36 chicks pecked the
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Figure 3.1.5 Diagrammatic repi-esentation of the pattern of odorant dispersal when

the chick is exposed to the stimu us. It is likely that the gradient of odour concentration

from the source and this is indicated by the dashed

chick may not initially detect the odour as the concentration of odour around
s nostrils is too low when the chick decides to peck (A) or during the ballistic

pecking motion (B). It is possible that the odour does not reach the nasal cavity at a high

N
M

decreases with increasing distanc

circles. The

the chick

enough concentration o elicit head shaking until either during (C) or after (D) the chick

pecks the bead (see text for {ull ex >lanation).
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bead at least once and of those that shook their head (21) 90% did so only after they had
pecked the bead. The odour maiy not reach the nasal cavity at a high enough
concentration to elicit head shaking until the chick is close to the bead, during or after
the chick has pecked the bead. Thus, it appears that in the present olfactory test head
shaking is elicited solely by odour whereas pecking is elicited by visual and possibly

odour cues.

EXPERIMENT 3.2: CONCENTRATION-RESPONSES USING REPEATED EXPOSURES
TO THE STIMULUS

The aim of this experiment w:s to determine if a concentration-response curve to
iso-amyl acetate could be obtained by testing the same chicks in a series of trials with
differently coloured beads and virious concentrations of odour. The order of
presentation of odour concentrations affects odour thresholds, at least in humans
(Pangborn et al., 1964), and it may be that prior exposure to the various concentrations
of odour affects the chicks' respoises. Therefore, separate groups of chicks were
presented with odour in either an ascending, random or descending series of odour

concentrations.

Methods

After each chick had been tested once only in Experiment 3.1, 18 chicks were
selected for a further five bead presentations. Twelve of the chicks used were those
tested previously with either the control stimulus or a stimulus that contained 10 pl of
iso-amyl acetate. The remaining six chicks were selected at random. These three groups
of six chicks were tested with differznt orders of presentation of iso-amyl acetate. The
groups previously tested with the control stimulus (i.e. ethyl alcohol) received odour
presentations in ascending concentritions. The group that had previously been tested
with 10 pl of iso-amyl acetate rece ved descending concentrations and the third group
received a random presentation of odour concentrations. The stimuli used were

prepared as described in Experiment 3.1 (sec page 48) and included 10, 1, 101, 10-2 and
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103 pl of iso-amyl acetate (made up to 10 pl in 70% ethyl alcohol). The control

stimulus contained 10 pl of the solvent.

Results

Presenting odorant concentrations in ascending, random or descending order

The responses during the training trials have already been presented on page 49.
There were no significant differences during the training trials in the responses obtained
from the three groups of chicks used in this part of the experiment (Kruskal-Wallis test:

P>0.10 for each comparison).

The results for head shaking during the testing trials are presented in Figure
3.2.1.A, C and E. Only 4 out of the 18 chicks tested shook their heads when they were
presented with the control stimuus (0% iso-amyl acetate) and there were clear
concentration-dependent increases in the number of chicks shaking their heads with each

method of presentation (see Figure =.2.1.A).

There were no significant dif ‘erences (Kruskal-Wallis test: P>(.05) between the
latency or number of bouts of head «haking or pecks when the three methods of stimulus
presentation (ascending, random or descending order of odour concentration) were
compared (see Table 3.2.1). The nean (+ SEM) head shaking scores obtained for each
group of chicks is illustrated in Jigure 3.2.1.C. There were clear concentration-
dependent increases in the numbe: of bouts of head shaking with each method of
presentation. There was a tendenc:’ for chicks presented with odour concentrations in
random order to shake their heacs less than those presented with odour in either
ascending or descending order at 10 pl of odour only (Wilcoxon-Mann-Whitney test:
z=1.95, P=0.051). The decrease in the latency for head shaking and the increase in the
number of bouts of head shaking w th increasing odour intensity did not depend on the

order of presentation (see Table 3.2.1 and Figures 3.2.1.C and E).
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Figure 3.2.1 Head shaking (left panels) and pecking (right panels) responses of
chicks presented with concentrations of iso-amyl acetate in different orders. The
scores are presented as the number ¢ f chicks shaking their heads (A), the number of chicks
pecking at the bead (B), the mean (4: SEM) number of head shaking bouts (C), the mean (
SEM) number of pecks (D), the mean (+ SEM) latency to the first bout of head shaking (E)
and the mean (+ SEM) latency to first peck (F). Chicks were presented with odour
concentrations in ascending (M, unoroken line), random (O, dashed line) or descending
(A, dotted line) order (n=6 chicks per presentation method). Wilcoxon-Mann-Whitney
test, T 0.10> P>0.05.
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Table 3.2.1 Values of the Kruskal-Wallis statistic (KW) comparing the chicks'
responses to the presentation of odorant concentrations in ascending, random or
descending order

Concentration of iso-amyl acetate (ul)

Category 0 103 102 10! 1 10

number of head shaking bouts 0.82 2.27 4.63 ¢ 0.04 2.61 5.26

latency to shake head 0.60 2.52 451 1.13 1.70 1.68
number of pecks 2.64 231 3.04 1.94 1.03 2.32
latency to first peck 141 1.38 1.26 343 1.00 1.51

Analysis was performed by Kruskal Wallis test, df=2, n=6 per group, t 0.10>P>0.05.

The number of chicks that p=cked the bead and the latency to first peck was
relatively invariant across the various odour concentrations (Figures 3.2.1.B and
3.2.1.F). The results for the number of pecks at the bead are presented in Figure
3.2.1.D. There was no suppression in the amounts of pecking to the lower amounts of
odour (103 to 101 ul) but the response decreased following the presentation of 1 and
10 ul of iso-amyl acetate. The pecking response was not significantly affected by the

method of odour presentation (Tabl¢ 3.2.1).

The relationship between odoir concentration and the chicks' responses was also
described by the response threshold and the ECs, values according to the methods
determined in Experiment 3.1. The preferred method incorporates the baseline level of
responding and assumes that the highest value obtained is at maximum. It was possible
to calculate a response threshold value for head shaking only. The ECs, values for the
latency to shake the head, the numbcr of bouts of head shaking and the number of pecks
could be determined because the evel of responses approached values which were
maximal (number of head shaking bouts) or minimal (latency to shake the head and

number of pecks). These values are presented in Table 3.2.2.
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Table 3.2.2 Response threshold a 1d EC;, values for the different methods of odorant

presentation
Order cf presenting iso-amyl acetate concentrations
4 scending Random Descending

Head shaking

Response threshold 1097 (NA) 10145 (NA) 1022 (NA)

ECsy: number 10°35:109t0 10°%) 107 (10910 10°")  10:* (10 10 1093)

ECs,: latency 10°4.1097 10 10°2) 10°4 (102 t0 2) 10 (10410 1)
Pecking

Response threshold NA NA NA

ECs,: number 1095104 10 10°3) 102 (10%* to 109%) 1093 (107 to 10°3)

EC,: latency NA NA NA

Values indicate the volume (ul) of iso-amyl acetate applied to the sample cup after

dilution. The range of ECs, values is indicated in parenthesis. NA indicates that a value

(or range) could not be calculated.

The number of chicks pecking the bead (indicated as the response threshold in
Table 3.2.2) and the latency to first peck could not be used for the calculations as these
responses were invariant to the various concentrations of odour. The most noticeable
difference among the three methods of odour presentation was found for the response
threshold value, as determined from the absolute number of chicks shaking their heads.
Chicks presented with odour concentrations in a descending order had a lower response
threshold than chicks presented with odour concentration in ascending order. An
intermediate response threshold value was obtained for chicks presented with odour
concentrations in random order. Despite this difference, the ECsy values for the latency
to shake the head, the number of bcuts of head shaking and the number of pecks at the

bead was within the error range for ¢ach method of odour presentation.

Relationship between head shaking and pecking in a series of trials
To determine whether head shaking proceeds pecking or vice versa the responses
were pooled for each method of odcur presentation to increase the sample size used for

comparison. The responses were allocated to one of the four possible categories
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outlined in Experiment 3.1 (see paze 57). A fifth category for non-responders was
included for these data as the chicks lid not respond on three out of the 108 testing trials

(N=18). The results are shown in Table 3.2.3.

Table 3.2.3 Sequence of pecking and head shaking responses by chicks tested in a
series of trials with various concentrations of iso-amyl acetate

Concentration of iso-amyl acetate (ul)

Category 0 103 102 10 1 10
1. peck only 14 14 10 7 1 0
2. peck then shake head 2 2 5 8 11 13
3. shake head only 2 0 1 2 5 4
4. shake head then peck 0 1 0 1 1 1
5. no response 0 1 2 0 0 0

Values indicate the number of chicks responding. These data were pooled for chicks

tested repeatedly with odour conce itrations in ascending, random or descending order
(N=18).

There was a shift in the chicks' responses from 'peck only' to 'peck then shake head'
with increasing concentrations of isg-amyl acetate and the transition between these two
response categories occurred at 10! ul of odour. The chicks shook their heads and then
pecked the bead on four trials only 4%) and on 14 trials the chicks shook their heads
without having pecked at the bead (13%). Furthermore, a chick pecked at the bead and
then shook the head in 38% of the tr als. Therefore, chicks tested with increasing odour
concentration in a series of trials are more likely to shake the head only after pecking the

bead.

Discussion

The main finding of this experiment is that similar concentration-response curves
were obtained by testing chicks repeatedly compared to testing chicks once only
(cf- Experiment 3.1). The most consistent results were obtained for head shaking, which

increases with increasing concentration of iso-amyl acetate. Furthermore, the response
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threshold value for chicks present:d with odour concentrations in an ascending or
random order of presentation was the same as chicks tested once only. Although the
pecking response was much more v:riable over the lower concentrations of odour, there

was a consistent suppression of the 1esponse at the higher concentrations.

It could be argued that head shaking behaviour is a result of stimulation by odour
alone, whereas the decision to make the first peck is determined as a result of visual
stimulation. This seems plausible given that there was no effect of odour concentration
on the latency to peck or on the nunber of chicks pecking. The results from Experiment
3.1 indicated that chicks that shake their heads only do so (90% of the time, see Table
3.1.5, page 57) after they have pecled the bead. In the present experiment, when they
were tested in a series of trials, chicks that shook their heads did so after pecking the
bead on 70% of the trials. Although, some of the chicks may have detected the odour
before pecking the bead most did no.. The slight differences in the number of chicks that
pecked may have been due to an increase in sensitivity as a result of repeated exposures
to the stimulus. Alternatively, if 1the chick perceived the iso-amyl acetate odour as
aversive then it may have been responding to specific aspects of the stimulus that had

been paired with the odour (possibly the sample cup used in each trial).

There were no statistically significant differences between three different orders of
presentation of odour concentration (ascending, random or descending). However,
chicks presented with odour concentrations in a descending order had a lower response
threshold than chicks presented with odour concentrations in either ascending or random
order. Therefore, prior exposure t¢ a high concentration of odour affected the chicks'
subsequent responses to the same ojour. Fangborn et al. (1964) reported that, at least
for human subjects, the method of stimulus presentation affects the odour detection
threshold. By contrast, Henton (1939) and Henton et al. (1969) found that the method
of stimulus presentation did not affc.ct odour thresholds obtained for pigeons. In these
studies, adult pigeons were trained to discriminate between clean and odourised air. The
odour thresholds were determined o1ly after a stable discrimination level of key pecking

had been obtained.
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It is possible that the chicks in the present experiment become more sensitive to the
iso-amyl acetate odour over the repeated trials or, alternatively, they learn certain aspects
about the odour coupled with the bead. This would depend on whether the 10 min inter-
trial interval was long enough to pr:vent adaptation of the receptors to odour enabling
the chicks to detect stepwise lower concentrations of iso-amyl acetate on each
presentation (Cometto-Muiiiz and Cain, 1995a). It is possible that chicks tested
repeatedly respond to the presentation of a high concentration of odour as aversive and,
therefore, they were more responsive to the lower concentrations of iso-amyl acetate.
However, as noted above, the majority of chicks shook their heads after they pecked the
bead, indicating that they are exposed to a suprathreshold concentration of odour at this
point. Whether the chicks learn about an odorant coupled with the visual cues of the
bead is examined further in Chapters 7 and 8. The aversiveness of an odorant is also

addressed in these chapters.

Comparing the chicks’ responses to odorant in one trial and a series of trials

The responses from chicks tcsted in a series of trials were compared with the
responses obtained from chicks testcd in one trial only (Experiment 3.1). These results
are presented in Figure 3.2.2. The troken lLines in the figure indicate those tested in one
trial only (n=36); the unbroken lines indicate chicks tested in a series of trials (n=6 chicks

receiving an ascending order of prescntation).

There were no differences in the head shaking scores of chicks tested once or in a
series of trials. The number of chicks shaking their heads was almost identical.
Furthermore, there were no differznces in the latency or number of head shaking
responses to suprathreshold concent: ations of odour. The number of head shaking bouts
increased in the same way for chicks tested in either a series of trials or once only,
confirming that testing with a series >f odour presentations did not alter the head shaking

responses to suprathreshold stimuli.
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Figure 3.2.2 Comparison between the responses obtained from chicks tested in one
trial only (broken lines, from Experiment 3.1) or in a series of trials (unbroken lines
this experiment). The results have been separated for the head shaking (A, C, E) and
pecking (B, D, F) responses. For e: ch behaviour the results are presented according to the
percent of chicks responding (A, B), the mean (+ SEM) number of times they responded (C,
D) and the mean (= SEM) latency to respond (E, F).
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The only clear difference between the two methods of testing (once only or on a
series of trials) was evident for the wmber of times the chick pecked the bead. While
the same pattern of pecking was 2vident, those chicks tested on a series of trials
demonstrated, overall, fewer pecks than chicks tested on one trial only. This result is not
unexpected as, although the colour « f the bead was changed on each trial, the chicks are
likely to have habituated to other aspects of the test (Andrew and Brennan, 1983), such

as the sample cup and glass rod.

The response threshold and the ECs, values obtained from chicks tested once only
or in a series of trials are presented .or comparison in Figure 3.2.3. The majority of the
values for head shaking were with n the range of 10! and 1 pl of iso-amyl acetate
irrespective of the method of odorant presentation, whereas the suppression of pecking
tended to occur at lower concentrations of odorant but differed with different
presentation techniques. However, the responses of those chicks presented with odorant
concentrations in a descending ordzr were consistently different from the values for
chicks tested once only. For this group (dzscending), the response threshold for head
shaking was at least one log dilution lower, and the range of values for the ECs, (number
of pecks and number of head shaking bouts) was considerably smaller, compared to the
other methods of odorant presentation. By contrast, the response threshold values for
chicks presented with odorant concentrations in either an ascending or random order
appeared to reflect the responses of :hicks tested once only. Thus, the latter two orders
of odorant presentation (ascending :nd random) appear to be the more suitable method
with which to use to obtain concentraticn-dependent responses following repeated

presentations of iso-amyl acetate.
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Figure 3.2.3 Relationship betwcen iso-amyl acetate concentration and the head
shaking (O) and the pecking (®) responses. Each of the values was determined from an
adjusted baseline (described in text:. The data are presented for each method of odour
presentation, ascending, random or lescending, as well as from those chicks tested on one
trial only. Note that only the response threshold could be determined for head shaking for
each method of odorant presentation.
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EXPERIMENT 3.3: CONCENTRATION-RESPONSES TO iso-AMYL ACETATE, ALLYL
SULFIDE AND EUGENOL

The aim of this experiment vas to compare the chicks' responses to different
odorants. Allyl sulfide and eugenol were presented as well as iso-amyl acetate as a
within experiment control. The pre sious experiment showed that chicks presented with
a descending series of odour concentrations had a lower response threshold than those
presented with odour concentrations in ascending or random order. As the focus of this
experiment was a comparison of th: chicks' responses to different odours, rather than
across methods of presentation, the hicks were all presented with an ascending series of
odour concentrations. The ascending order of presentation was selected to minimise

potential effects of repeated exposuies to the same odour.

Methods

Eighteen chicks (8 males and 10 females not previously exposed to the bead or
odorant) divided randomly into thrce groups were used to compare responses to iso-
amyl acetate, allyl sulfide and eugenol. Ten minutes after the second training trial the
chicks were tested in a series of six trials with graded concentrations of either iso-amyl
acetate, allyl sulfide or eugenol. Tle stimuli were prepared as described in Experiment
3.1 (see page 48) and included 103, 10-2, 101, 1 and 10 pl of each of these odours (made
up to 10 pl in 70% ethyl alcohol). "“he control stimulus contained 10 pl of the solvent.
As noted above, the odour concentrations were presented in an ascending series of

concentrations.

Results

Training trials

The chicks' responses during the training trials are presented in Table 3.3.1. There
was a significant difference among tae three groups (grouped according to the odour that
would be presented during the testing trials) in the amount of pecking during the first

training trial (Kruskal-Wallis test: K1¥=5.85, P=0.05), but this difference was not evident
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in the second training trial. There were no other significant differences between these

groups in either of the training trials (KW<2.5, P>0.28 for each comparison).

Table 3.3.1 Mean + SEM responses during the training trials

Number of head  La ency (s) to shake Latency (s) to

Group it shaking bouts the head Number of pecks first peck
Training trial 1

1 0.7+0.5 149+33 07034 11.7£3.8

2 0202 183+ 1.7 20+1.1ab 10.9 £ 3.4

3 0 20 28+060 119+20
Training trial 2

1 03+0.2 17.6 £ 2.1 25+0.7 9.7+24

2 0.2+0.2 19.7+ 0.3 1.2+ 04 9.8+32

3 0 20 25+0.8 7.7+2.8

1 The chicks are grouped according to the odour that they would be presented with during

the testing trials; iso-amyl acetate (1), allyl sulfide (2) or eugenol (3).

Separate analyses for each measurc compared the responses between each group during

each trial: Kruskal-Wallis test, df=2. n=6 per group. Values with different superscripts are

significantly different to each other - Wilcoxon-Mann-Whitney test, P<0.05).
Responses to iso-amyl acetate in a series of trials

These data repeated those found in a previous experiment (3.2). The number of
chicks shaking their heads increased with increasing concentrations of odour, reaching a
maximum level at 1 and 10 pl of iro-amyl acetate (see Figure 3.3.1.A). There was a
significant effect of iso-amyl acetate presented in an ascending series of concentrations,
on the number of head shaking bou s (Friedman test: F,=21.95, df=5, P<0.001, Figure
3.3.1.C) and on the latency to shake the head (F,=18.40, P=0.003, Figure 3.3.1.E).
Calculation of the response thresholc. and the ECs, values assumed that the response was
at a maximum to the higher concentrations of odour, while the baseline level of
responding was used as the minimur1 response level. These values, as well as the range

of calculated values including the response threshold and ECsy, are reported in Table

3.3.2. The response threshold for head shaking, at 10-14 ul of odour, was slightly
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Figure 3.3.1 This figure presents the head shaking (O) and pecking (®) scores by
chicks presented with iso-amyl acetate concentrations in ascending order. The two
upper panels show the number of chicks displaying head shaking (A) and pecking (B).
The middle two panels show the m¢ an (+ SEM) number of head shaking (C) or pecking (D)
responses, while the lower two pai els show the mean (+ SEM) latency to shake the head
(E) and the latency to first peck (I¥). Annotated means indicate a significant difference
compared to the response obtained when chicks were presented with the control stimulus
(1 0.10>P>0.05, * P<0.05, Wilcoxn signed ranks test, n=6 scores per point).
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lower than that observed in the previous experiment (see Table 3.2.2, page 65) but did
not differ significantly. The ECs, for the latency to shake the head and the ECsy for the
number of bouts of head shaking (see Table 3.3.2) fell within the range of those observed

in the previous experiment (see also Table 2.2.2).

Table 3.3.2 Response threshold and EC;, values for each of the odorants used

Odour
Iso -amyl acetate Allyl sulfide Eugenol

Head shaking

Response threshold 1014 (NA) 1014 (NA) NA

ECs,: number 1097 (109 to 10°4) 103 (103 to 1012) NA

ECs,: latency 1008 (1012 to 10°¢) 1013 (104 to 10:°%) NA
Pecking

Response threshold NA 1(NA) NA

ECsy: number 107 (103 to 10°%) 1013 (1023 to 101?) NA

ECs,: latency NA NA NA

Values indicate the volume (ul) of iso-amyl acetate at which the responses occurred.
NA indicates that a value (or range indicated in parenthesis) could not be calculated.

The results for the pecking responses are also presented in Figure 3.3.1 (panels B,
D and F). The number of chicks that pecked and the latency to peck the bead (F,=2.62,
P=0.76) was invariant with the different concentrations of iso-amyl acetate. A response
threshold could not be determined 1rom the quantum of chicks pecking the bead (Figure
3.3.1.B). There was no significant ¢ ffect of presenting graded concentrations of iso-amyl
acetate on the amounts of pecking (F,=7.69, P=0.17; Figure 3.3.1.D), although they
followed a pattern similar to that obtained in Experiment 3.2 (see Figure 3.2.1, page 63).
The ECs, value for the amounts of pecking was estimated to be at 1097 pl of iso-amyl
acetate. This is similar to that observed in the previous experiment, falling within the

range of ECs, values indicated in that experiment (see Table 3.2.2, page 65).
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Responses to allyl sulfide in a series of trials

The results for chicks presented with an ascending series of allyl sulfide
concentrations are presented in Figure 3.3.2. The responses from chicks presented with
iso-amyl acetate are also included i1 the figure for comparison (indicated by the broken
line; the data is the same as in Figure 3.3.1). The number of chicks shaking their heads
increased with increasing concentrations of allyl sulfide, reaching a maximum level at
10-19, 1 and 10 pl of allyl sulfide. There was also a significant effect of the various
concentrations of allyl sulfide on th: number of bouts of head shaking (F,=18.38, df=5,
P=0.003) and on the latency to shake the head (F=19.93, P=0.001). The response
threshold and ECsy values were wi hin the same range for the number of head shaking

bouts and the latency to shake the h:ad and are presented in Table 3.3.2.

The absolute number of clicks pecking the bead decreased at the highest
concentration of allyl sulfide delivered (10 pl, see Figure 3.3.2.B). Therefore, for
pecking, the response threshold was calculated at 1 pl of allyl sulfide. There was a
significant effect of allyl sulfide coacentrations on the latency to first peck (F,=11.10,
P=0.05; Figure 3.3.2.F). There w:s a sigrificantly longer delay to peck beads coupled
with 10-39 ul of odour than beads coupled with 10 pl of odour (Wilcoxon signed ranks
test: z=2.20, P=0.03). Despite this increase in delay an ECs, could not be calculated for
the latency to first peck as the range covered the responses to the control stimulus
through to 1 pl of odour. The namber of pecks at the bead also varied for chicks
presented with the various concen rations of allyl sulfide (F=16.05, P=0.007; Figure
3.3.2.D).

Responses to eugenol in a series of trials

The results for chicks presented with eugenol in an ascending series of
concentrations are presented in Figure 3.3.3. As in Figure 3.3.2, the responses from
chicks presented with iso-amyl acetate are included in the figure for comparison (the data

indicated by the broken line is the same as in Figure 3.3.1). The number of chicks
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Figure 3.3.2 This figure presen's the head shaking (O) and pecking (®) scores by
chicks presented with allyl sulfille concentrations in an ascending order. Data are
presented as in Figure 3.3.1. Annctated means indicate a significant difference compared
to the response obtained when they were presented with the control stimulus (F
0.10>P>0.05, * P<0.05, Wilcoxon signed ranks test, n=6 chicks). For comparison, the
broken line represents the scores {rom chicks presented with iso-amyl acetate (the same
data as in Figure 3.3.1).
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Figure 3.3.3 This figure presents the head shaking (O) and pecking (®) scores by
chicks presented with eugenol concentrations in an ascending order. The data are
presented as in Figure 3.3.2. For comparison, the broken line represents the scores from
chicks presented with iso-amyl acelate (the same data as in Figure 3.3.1).
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shaking their heads increased at the highest concentration of eugenol only (10 pl; Figure
3.3.3.A). Thus, the response threshold could not be determined although it is likely to be
greater than 10 pl of odour. The:e were no concentration-dependent changes in the
latency to shake the head (F,=7.26 »>=0.20; Figure 3.3.3.E) or in the number of bouts of
head shaking (F,=7.93 P=0.16; F gure 3.3.3.C and see also Table 3.3.2, page 75).
However, there was a tendency for chicks to shake their heads more to 10 pl of eugenol
than to the control stimulus (Wilcoxon signed ranks test: z=1.83, P=0.07). No ECs,
value could be determined for the latency to shake the head, although the number of
head shaking bouts began to increase at the highest concentration of eugenol delivered.
No threshold of ECs, values could be calculated for pecking to this odour (see Table
3.3.2). Furthermore, the pecking scores were invariant to the various concentrations of
eugenol (number: F,=2.33 P=0.80; latency: F,=4.62 P=0.46; see Figures 3.3.3.B, D and
F).

Comparing the responses to different odorants

There were significant differcnces between the chicks' responses to the various
concentrations of iso-amyl acetate. allyl sulfide and eugenol. The results from these
analyses are presented in Table 3.3.3. 'There were similar concentration-dependent
changes in the chick's head shaking and pecking responses to the odours of allyl sulfide
and iso-amyl acetate and there were no significant differences between the responses
(Wilcoxon-Mann-Whitney test: z<1.5, P>0.14 for each post-hoc comparison). However,
the responses to eugenol, as show1 in the Figure 3.3.3, were relatively invariant with
increasing concentrations and differed from responses obtained from chicks presented
with iso-amyl acetate. Chicks shook their heads more when they were presented with
10-19 (Wilcoxon-Mann-Whitney test: z=1.90, P=0.06), 1 (z=2.66, P=0.008) or 10 pl
(z=1.97, P=0.048) of iso-amyl acetate than those presented with corresponding
concentrations of eugenol. These results also indicated that the higher concentrations of
eugenol did not suppress pecking to the same extent as iso-amyl acetate or allyl sulfide at

1 (z=2.43, P=0.02; z=2.30, P=0.02) or 10 pl (z=1.75, P=0.08; z=2.31, P=0.02) of odour.
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Table 3.3.3 Values of the Krusk:l-Wallis statistic (KW) comparing three different

odorants
Concentration of odorant (ul)
Category 0 10* 102 10 1 10
number of head shaking bouts 23 0.6 2.0 7.5 * 8.4 * 5.17%
latency to shake head 2.1 0.6 2.0 24 9.2 * 41
number of pecks 0.1 2.8 0.8 04 7.9 * 6.2 *
latency to first peck 0.8 0.3 3.6 0.8 14 557%

Analysis was performed by Kruska -Wallis test, df=2, n=6 per group, t 0.10>P>0.05, *
P<0.05. Separate groups of chicks were presented with the odours of either iso-amyl
acetate, allyl sulfide or eugenol in a1 ascending series of odour concentrations.

Discussion

This experiment demonstrates that presenting different concentrations of odour
leads reliably to concentration-dependent rzsponses. It also shows that chicks show
greater sensitivity to iso-amyl acetatc. and allyl sulfide than to eugenol, indicating that the
test is sensitive to the characteristics of the odour as well as its concentration. The
concentration-response curve for he:.d shaking and pecking following the presentation of
iso-amyl acetate described in Expcriment 3.2 was repeated in this experiment. In
addition, a similar concentration-resp-onse curve was found for head shaking and pecking

elicited by the various concentrations of allyl sulfide.

Chicks displayed equal thresh>ld sensitivity to allyl sulfide and iso-amyl acetate,
the response thresholds for head shaking being at a concentration of 10-14 pl of each
odour. However, the ECs, values [or allyl sulfide were slightly lower (10-1-3 ul) than
those found for iso-amyl acetate (10-°7 pl}. When graded concentrations of eugenol
were presented repeatedly to the chicks the level of head shaking began to increase at
only the highest concentration (10 p!) of odorant delivered. It is possible that the chicks

responded to eugenol solely as a pl:asant cdour as high concentrations of eugenol did
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not suppress pecking or, conversely. the chicks did not detect eugenol at concentrations
Jess than 10 pl. For this odour the inverse association of pecking and head shaking is not
evident. Thus, there was differential sensilivity to the odours used with chicks being

most sensitive to allyl sulfide and iso-amyl acetate and less sensitive to eugenol.

The differences in sensitivity .0 the odours of iso-amyl acetate, allyl sulfide and
eugenol, suggested by the differing response thresholds, may be due to the differing
vapour pressures of these odours it the ambient temperature (presented for 25°C in
Table 2.1, page 32). As odour volatility increases, for example from a vapour pressure
of 0.03 mm Hg for eugenol to 8.54 mm Hg for allyl sulfide, the response threshold to the
odour decreased. This is addresscd further in Chapter 5. The explanation for the
difference in odour sensitivity may also lie in the relative involvement of the trigeminal
and olfactory systems in the chicks' iesponses to an odour. For example, eugenol is said
to be a relatively pure olfactory stimulant, at least in humans (Doty et al., 1978),
although this has not been establish¢ d in animals (Myers and Pugh, 1985). By contrast,
iso-amyl acetate vapour is known to stimulate olfactory as well as trigeminal receptors in

birds (Henton et al., 1969; Walker e al., 1986).

The detection of airborne chemicals, such as amyl acetate or butyl acetate, is
primarily carried out by the olfactory system but the trigeminal system also responds to
volatile stimuli, albeit at higher ccncentrations (Schumake et al., 1969; Mason and
Silver, 1983; Walker et al., 1986). The ophthalmic branch of the trigeminal nerve has
free nerve endings in the nasal cavity and, as discussed in Chapter 1 (see pages 19-20),
these are involved with the detectior of odours. Thus, higher concentrations of iso-amyl
acetate may stimulate Ln'gemina} neurones as well as olfactory neurones, and these
systems may be involved in gener:ting behavioural responses, whereas, responses to
eugenol may be initiated only by olfactory stimulation. However, based solely on the
concentration-dependent changes in behaviour, it is not possible to rule out the

involvement of the trigeminal systeni in the chicks' responses to odorants.
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This experiment demonstrate: that presenting chicks with odour together with a
bead is suitable for obtaining concer tration-dependent changes in behaviour for a number
of different odours. Furthermore. the test is robust enough to produce repeatable

results, and sensitive enough to reveal differential responses to different odours.

GENERAL DISCUSSION

The olfactory test used in these experiments assessed the responses that naive 1-
day-old chicks give to odours. The chicks were familiarised with the testing apparatus
and the experimenter to reduce potential fear responses that are known to be associated
with handling and by placing the chick in a novel environment (Jones and Waddington,
1992). This is a simple familiarisation procedure and can be contrasted to the 60-100
training trials used to meet the critzrion for conditioning and the further 100 or more
trials used to obtain the sensitivity to odours used in the conditioned suppression
techniques in adult birds (Henton ¢t al., 1969; Stattleman et al., 1975; Walker et al.,
1986). It, therefore, provides a suitible task with which to obtain responses to odorants

without the need for extensive trainiig.

The suppression of pecking and stimulation of head shaking to the higher
concentrations of iso-amyl acetate and allyl sulfide may indicate that the chick perceives
the odorant as aversive. This see ns likely as head shaking is readily evoked by an
~ aversive taste, which is also associat>d with a suppression of pecking (Cherkin, 1969), or
by aversive visual stimuli (Andrew, 1975b). The chick may respond to a novel odorant
as aversive also. Eight-day-old clicks demonstrate neophobic reactions, including a
longer latency to feed and shorter curation of feeding bouts, following the presentation
of food that has been scented with a novel odour, such as orange oil (Jones, 1987a).
Despite this, the interpretation that chicks respond to the presentation of a novel odour
as aversive may be specific to feecing. For example, 1-day-old chicks not previously
exposed to orange oil do not prefcrentially approach or avoid a dish containing litter
treated with orange placed at one end of the home-cage compared to a dish containing

litter treated with water at the other end (Jones and Gentle, 1985). Furthermore, chicks
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that have been reared over litter treated with orange oil for the first 7 days post-hatching
develop a preference for that odour when tested in an otherwise novel situation at 7 or 8
days of age (Jones and Gentle, 1985). Therefore, it may be that in the present
experiments, pecking and head shaking are simply due to the novelty of the odorant,

rather than to it being an aversive stimuli per se.

There was a low level of head shaking to unscented stimuli presented during the
training trials, as well as to the cont-ol stimulus. It was unlikely that the baseline level of
head shaking to the control stimulus was due to stimulation by the odour of the solvent
(Experiment 3.2) or to odours presznt in the testing cage. Head shaking is part of the
usual behavioural repertoire of Bu:mese red junglefowl chicks by 48 h post-hatching
(Kruijt, 1964). For example, Hogan (1965) reported that Burmese red junglefowl
chicks, during the first week post hatching, display bouts of head shaking when they are
presented with a meal worm. In his study, the rate of head shaking in the presence of the
meal worm was the same before, diring and after the meal worm was presented to the
chick indicating that this behaviour was not elicited by odour from the meal worm.
Instead, Hogan (1965) refers to head shaking as an irrelevant movement (see also
Chapter 1, page 3), and he suggests that head shaking is likely to be a transitory
behaviour as it occurs during or at he end of a period of fixating. Thus, the calculation
of the response threshold and ECs, values for head shaking in the present experiments
accounted for the baseline level of 1esponding in order to establish the chicks' responses

to odour.

In contrast to the head shaking scores, the number of chicks pecking the bead at
least once was constant at every ccncentration of iso-amyl acetate, approximately 93%
of the chicks pecked at least oncc. This suggests that the decision to peck may be
elicited primarily by the visual cues. whereas head shaking is elicited primarily by odour
alone. Itis noted that head shaking may also be elicited by visual (Andrew, 1974; 1975a;
1975b) or auditory stimuli (Kruijt, 1964) but, as mentioned above, the amount of head
shaking to a scented, compared to an unscented, bead increases markedly. Since the

olfactory test used in this chapter rclies on pecking, the involvement of visual responses
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could be seen as a potential drawback. However, under natural conditions the chick
would be exposed to the odour and taste of potential food items, as well as harmful
substances, as a result of exploratory pecking towards conspicuous visual objects.
Furthermore, pecking serves to pos tion the nostrils at a fixed proximity to the source of
the odour. Indeed, if studies in olfiction are to be based on species-specific behaviours,
they require, to some extent, the inclusion of visual components of the test, such as those
involved with approach (Vallortigara and Andrew, 1994) or feeding (Jones, 1987a)
responses. Moreover, the linking of olfaction and visual components is not limited to the
specific behaviours of the chick. For example, many mammalian species, including cats
(De Boer, 1977) and primates (Liska and Hudson, 1993), use vision during overall
exploration of the surrounding environment, whereas olfactory cues are used to obtain
more detailed information of specific objects, such as food or conspecifics. Thus,
presenting chicks with beads couplcd with odour stimuli has the advantage of simulating

natural behaviour. Presumably this is why the test can be performed so easily.

CONCLUSIONS

Presenting chicks with odour coupled with a coloured bead at which they can peck
is a suitable method with which to ¢btain behavioural responses to odours. Presentations
of odour, using only one trial per chick, resulted in concentration-dependent responses
from chicks that were naive to the test odour. These results suggest that changing the
colour of the bead used on each tral allowed reliable concentration-response curves to
be generated from chicks tested on a series of trials. The differences in response to the

odours of iso-amyl acetate, allyl sulfide and eugenol may be due to the intensity or the

quality of the odour.



CHAPTER 4

CONTROLLING FOR REPEATED PRESENTATIONS
OF VISUAL AND VOLATILE STIMULI

INTRODUCTION

Experiments reported in the previous chapter demonstrated that chicks, tested in
one trial or in a series of trials, show concentration-dependent responses to odours.
Repeatedly testing chicks produced similar results to those from chicks tested once only.
It would be advantageous if this method could be used throughout the remainder of the
thesis, as this would enable a within animal comparison and reduce the number of chicks
required. However, one limitation with repeated testing is that chicks show a marked
habituation of the pecking responsc after only a few presentations of a bead of a single
colour (Andrew and Brennan, 1¢83; Andrew, 1991). Therefore, the aim of the
experiments reported in this chapte - was tc determine whether habituation of responses
to the visual stimuli was prevented by presenting unscented stimuli together with

differently coloured beads on each tiial.

The first experiment (4.1) ex: mined the chicks' responses to the presentation of a
bead of the same colour (red) to c¢stablish that habituation can occur in the bead test
reported throughout this thesis. Dishabituation for responding was also investigated in
Experiment 4.1. Chicks were pr:sented with beads of different colours, however,
instead of also presenting graded concentrarions of odorant with the differently coloured

beads, as used in Chapter 3, the chicks were presented with unscented stimuli.

It is possible that the solven. used to dilute the odours used in Experiment 3.1
might have affected the chicks' responses. Thus, a stimulus containing only the vehicle,
70% ethyl alcohol, was presented to a third group of chicks in a series of trials. Results

from this group of chicks were then compared with the responses obtained from chicks

35
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presented with unscented stimuli (i.:. with cotton wool only). To determine whether
there is habituation to a suprathreshold intensity of odour when it is presented together
with beads of different colours a further group of chicks was exposed repeatedly to iso-

amyl acetate at the highest concentration (10 ul) used in Experiment 3.1.

The final experiment reported in this chapter examined whether the responses of
chicks to odour presentation were di e to stimulation of receptors within the nasal cavity.
To this end, two separate groups of chicks were tested with the odorant after their

nostrils had been occluded (Experim:nt 4.2).

EXPERIMENT 4.1: PRESENTING ('DORANTS IN A SERIES OF TRIALS;
CONTROLLING FOR HABITUATION
This experiment was designed to determine whether chicks habituate to the bead

and odorant and if habituation of response was prevented by presenting the odorant with

a differently coloured bead on each t 1al.

Methods

Twenty-four chicks (13 males and 11 females that had not been previously exposed
to the bead) were incubated and honsed as in Chapter 2 (see pages 24-25). The chicks
received two training trials with a white bead attached to an unscented sample cup, as
described in Chapter 2 (page 37). The procedure used during the testing trials also

followed the general procedure outlined in Chapter 2 (see page 37).

One group of six chicks was hen presented individually with a red bead attached
to an unscented stimulus (a piece of cotton only). A second group of six chicks was also
tested individually with unscented :timuli but one of six differently coloured beads as
used in each trial. The colour of the bead used in each trial was allocated according to a
Latin-square design. As in Chapter 3, the bead colours used were red, dark blue, light
blue, dark green, light green and yellow. Another group of six chicks was tested
individually with 70% ethyl alcohol used as the solvent in Experiments 3.1, 3.2 and 3.3)

and each chick in a fourth group was presented with 10 pl of iso-amyl acetate. Thus,
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each chick received six trials; the fiist group was presented with a red bead in each trial,

while the latter three groups were przsented with differently coloured beads in each trial.

These data were analysed usir g non-parametric statistics (see Chapter 2, page 41).
As these experiments were primarily concerned with examining the affects of repeated
testing on the chicks' responses, liies of best fit were also calculated for each of the
measures. Furthermore, the absolute number of chicks shaking their heads or pecking
the bead was analysed using a noi-parametric binary analysis for repeated measures
(Cochran Q test; Siegel and Castellan, 1988). This test determines whether the
proportion of responses (coded as ()=no response, 1=respond, as in Chapter 3) changes
over repeated trials, and thus was an appropriate statistical procedure for analysing these

data.

Results
Training trials

The mean (x SEM) head shaking and pecking scores (mean no.) during the training
trials are presented in Table 4.1.1. There were no significant differences between the

responses obtained from each grovp of chicks during either of the training trials but

Table 4.1.1 Mean + SEM head shaking and pecking responses during the training
trials for each group of chicks tl.at would be presented with unscented stimuli or a
stimulus that was scented with 70 % ethyl alcohol or 10 pl of iso-amyl acetate

Stimuli to be presented Number cf head shaking bouts Number of pecks

during testing Training (fal 1  Training trial 2  Training trial 1 ~ Training trial 2

Beads of the same colour:

Unscented 0 0.17+£0.17 2.50+0.76 2.67+1.09
Differently coloured beads:
Unscented 0 0 2.83+0.83 1.17 £ 0.54
70% Ethyl alcohol 0 0 0.50+0.22 0.67 £ 0.33
10 ul iso-Amyl acetate 017+ (.17 0.50+0.22 2.00+0.93 2.83+0.48
KW % 3.00 6.90 5.89 6.40
P 0.39 0.08 0.12 0.09 ¥

f Analysis was performed using sej arate Kruskal-Wallis tests for each measure during the
two training trials, n=24, df=3. Differences between groups approached significance
during training trial 2 only, 1 0.10> P>0.05.
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differences between the scores obtained during the second training trial approached
significance (Kruskal-Wallis test: 0. 0>P>0.05). The results from these analyses are also
presented in Table 4.1.1. While the chicks were allocated randomly to each of the
groups, those that would be presen ed with 10 pl of iso-amyl acetate had a tendency to
shake their heads more than chicks that would be tested with stimuli that were unscented
or contained the solvent. Those tha. would be presented with the solvent had a tendency

to make fewer pecks at the bead than chicks in the remaining groups.

Responses to repeated presentations of a bead of the same colour

The mean (+ SEM) head shaking and pecking scores (number responding, mean no.
and latency) for chicks tested with a red bead attached to an unscented sample cup are
illustrated in Figure 4.1.1. A line of best fit was calculated for each of the responses,
over the six consecutive trials, and tiese are also included in the figure. There was a low
level of head shaking during several of the testing trials (trials 2, 3 and 4) but there was
no significant effect of the repeated presentations on the number of chicks shaking their
heads (Q=5.56, P=0.35; Figure 4.1.1.A), the number of bouts of head shaking (Friedman
test: F=1.43, P=0.92; Figure 4.1.1.C) or on the delay to shake the head (F=1.31,
P=0.93; Figure 4.1.1.E). The repe: ted presentations resulted in a significant decrease in
the number of chicks that pecked (Q=13.85, P=0.017; Figure 4.1.1.B), a significant
suppression in the number of pecks (F,=13.55, P=0.02; Figure 4.1.1.D) and a significant
increase in the delay before the fir;t peck (F=11.98, P=0.035; Figure 4.1.1.F), which
was most evident by the fifth trial. Thus, there was marked habituation of the pecking

response following repeated presentations of a red bead.

Responses to presentations of beads of different colours

Figure 4.1.2 shows the resfonses of chicks presented with unscented stimuli
together with the differently coloured beads. There were no significant effects of
repeatedly testing chicks on either the head shaking (number responding: Q=3.00,
P=0.70; mean no: F,=0.64, P=0.99; latency: F,=0.64, P=0.99; Figures 4.1.2.A, C and E)
or the pecking scores (number responding: 0=4.00, P=0.55; mean no: F=4.76, P=0.45;
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Figure 4.1.1 Mean (+ SEM) respoinises are depicted for the presentation of a red bead
during six consecutive trials. Lin:s of bes. fit were calculated and are presented in the
figure. The scores are presented :s the number of chicks shaking their heads (A), the
number of chicks pecking (B), the mean number of head shaking bouts (C), the mean
number of pecks at the bead (D), latency for the first bout of head shaking (E) and the
latency to first peck (F). Mean values without error bars had SEM that were so small that
they are not evident and as there vere only two values in (B) a line of best fit was not
calculated. There were significant effects of the repeated trials on the pecking responses
(P<0.05) but not on the head shaking responses.
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Figure 4.1.2 Mean (+ SEM) responses are depicted for the presentation of unscented
stimuli presented together with differently coloured beads during six consecutive
trials. The data are presented as i1 Figure 4.1.1. As there were only two values in (B) a
line of best fit was not calculated. There were no significant effects of the repeated trials
on the pecking or head shaking responses (P>0.05).



CHAPTER 4: CONTROLLING FOR REPEATI D PRESENTATIONS OF VISUAL AND VOLATILE STIMULI 91

latency: F.=1.45, P=0.92; Figures 4 1.2.B, D and F). This is a marked contrast to the
results presented in Figure 4.1.1 and indicates that habituation of pecking was prevented

by changing the colour of the bead on each trial.

Responses to repeated presentations of volatile stimuli

The responses of chicks tested with stimuli that contained the solvent, presented
together with the differently colowed beads, are presented in Figure 4.1.3. As for
unscented stimuli (presented togeth:r with beads of different colours), there were no
significant effects of repeated testing on either the head shaking (number responding:
0=6.25, P=0.28; mean no: F,=1.43, P=0.92; latency: F=1.48, P=0.92) or the pecking
responses (mean no: F,=2.67, P=0.75; latency: F,=6.45, P=0.26). It can be noted that
there was a tendency for an increase in the number of chicks pecking the bead although
this did not approach significance (number responding: 9=9.76, P=0.08). Therefore, no
significant habituation of the head shaking or pecking responses occurred across testing

trials.

There was also no effect of repeated testing on the responses of chicks presented
with stimuli containing 10 pl of iso-amyl acetate (head shaking: number responding:
0=2.73, P=0.74; mean no: F=1.05, P=0.96; latency: F=4.14, P=0.53; pecking: number
responding: 0=2.30, P=0.81; mean no: F,=6.90, P=0.23; latency: F=1.07, P=0.75).

These data are presented in Figure 4.1.4.

There was a similar tendency, although it was not significant, for chicks presented
with either the solvent or 10 ul of iso-amyl acetate to show a decrease in the latency to
first peck across testing trials, which was not apparent for chicks presented with
unscented stimuli. However, to facilitate statistical comparison between the responses of
chicks presented with unscented stimuli and stimuli that contained the solvent or 10 pl of
iso-amyl acetate, the repeated measurements were averaged over the six trials. This was
possible as there were no significant lifferences between the responses within each group

and enabled a single datum point to be obtained for each chick (Figure 4.1.5). For this
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Figure 4.1.3 Mean (x SEM) score: for pecking and head shaking (number responding,
number of responses, and latency) are depicted for the presentation of stimuli scented
with the solvent during six consecutive trials. Data are presented as in Figure 4.1.1.
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Figure 4.1.4 Mean (x SEM) scores {or pecking and head shaking (number responding,
number of responses, and latency) are depicted for the presentation of stimuli scented
with 10 ul of iso-amyl acetate during six consecutive trials. Data are presented as in
Figure 4.1.1.
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Figure 4.1.5 Mean (x SEM) of the average responses obtained from chicks tested in a
series of trials with unscented stirnuli ((J), or stimuli that contained the solvent (£3),
or 10 pl of iso-amyl acetate (M), Means annotated with an asterisk were significantly
different from those chicks tested v-ith unscented stimuli (Wilcoxon-Mann-Whitney test:
P<0.05; n=6 chicks per group). No e that results for chicks presented with the solvent did
not differ significantly from those piesented with unscented stimuli.

comparison, the responses (mean no. and latency) obtained from the three groups of

chicks presented with the differently coloured beads on each trial were used.

There were significant effects of the odorant (unscented, the solvent or iso-amyl
acetate) on the latency to shake th: head (KW=11.41, P=0.003), the number of head
shaking bouts (KW=12.13, P=0.00Z) and the number of pecks at the bead (KW=8.65,
P=0.01). Post hoc analysis with Wilcoxon-Mann-Whitney tests revealed that, compared
to those tested with unscented stimuli, chicks presented with 10 pl of iso-amyl acetate
made fewer pecks overall (z=2.57, °=0.01), shook their heads more (z=2.92, P=0.004)
and had shorter latencies to shake their hzads (z=2.90, P=0.004). The responses of
chicks presented with stimuli containing the solvent were not significantly different from

those tested with unscented stimuli z<0.9, P>0.20 for each comparison) nor were there
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no significant differences between their latency to peck the bead (KW=0.92, P=0.63).
Thus, even when the results from the six trials were averaged, there was no significant

difference between the responses of chicks presented with the solvent or stimuli that was

unscented.

The colour of the bead used on each trial was randomised according to a Latin-
square design, such that each chick was presented with a differently coloured bead on
each trial. The results from chicks presented with unscented stimuli as well as the
solvent were pooled so that the responses to each of the bead colours could be directly
compared. The mean (+ SEM) number of bouts of head shaking and pecks at each of the
differently coloured beads is presented in the table below (Table 4.1.2). There was no
significant effect of the bead colour on either the head shaking or pecking scores.
Although not significant, it can be seen that numerically higher amounts of pecking were

made at the red and blue beads, com ared to the yellow and green beads.

Table 4.1.2 Mean % SEM head sh:king and pecking responses to differently coloured

beads
Nuinber of head
Bead colour sh iking bouts Number of pecks

red 0 492+ 1.16
yellow .17+ 0.11 3.50 £ 0.68
light green 0.08 £ 0.08 3.50 £ 0.69
dark green 0 3.58 +£ 0.48
light blue C.17x£0.11 5.17+0.90
dark blue .17+ 0.11 542 + 1.03

F, 1.04 2.78

P 0.96 0.73

The means tabulated above indicited the responses of chicks presented with either
unscented stimuli or stimuli that co itained the solvent. These groups were pooled (n=12)
for this comparison. Separate analysis with the Friedman test (F;) indicated that there was
no significant effect of bead colour on the chicks' responses.
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Discussion

Changing the colour of the be:i.d on each trial prevented the habituation of pecking
that occurred during repeated presentations of a bead of the same colour. Therefore,
testing chicks in a series of trials is as effective as testing each chick once only, provided
that beads of different colours ar¢ used. Also, the amount of head shaking was
unaffected by repeatedly presenting unscented stimuli together with either the same or
differently coloured beads. Thus, while head shaking can be evoked by visual stimuli
(Andrew, 1975a; 1975b; Andrew and Brennan, 1984), the present results suggest that

the bead colours which were used in these tests evoked similar, low levels of head

shaking.

These results also show that the solvent (70% ethyl alcohol) used to dilute the
odorant in the experiments reported in Chapter 3 did not affect the chicks' responses,
even though the ethanol solvent is unlikely to be completely odourless. Indeed, although
humans detect ethanol as having only a slight odour (Geldard, 1972), it is nevertheless
perceived as having a fruity quality (Williams and Rosser, 1981). It is possible that, due
to the high evaporation rate of ethanol compared to iso-amyl acetate, there was less
solvent in the sample cup at the time of testing and this may have resulted in very low
concentrations of odour in the air surrourding the sample cup. Although it is also
possible that there was an interaction between the solvent and iso-amyl acetate at the
lower concentrations of odour tha: were used in Experiments 3.1, 3.2 and 3.3, the
present results indicate that dilutirg odorants with ethyl alcohol is unlikely to alter

responses during testing, validating the methods used in Chapter 3.

There was no habituation of tae chicks' responses to the repeated presentation of
suprathreshold concentrations of iso -amyl acetate odour. While there was a tendency for
the amounts of head shaking to decrease slightly after the first two trials, this was not
significant. Moreover, these changes were very slight and the responses did not alter to
any great extent over the last four uials. It seems likely that the suppression of pecking
and stimulation of head shaking indicate that the chick perceives a suprathreshold

concentration of odorant as aversiv:. However, if this were the case, one would have
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expected the chicks to avoid the stimulus. For example, in the one-trial passive
avoidance learning task (Cherkin, 1969; Ng and Gibbs, 1991) a chick is trained to avoid
pecking at a bead of a specific colour (such as red) that has been coated with the bitter-
tasting substance methyl anthranila.e and, when the chicks are re-tested they avoid
pecking at a red bead but will contiwe to peck at a differently coloured bead (such as
blue). In contrast, the present resul:s show that chicks continue to peck at a "scented"

stimulus if the visual properties (colc ur) of the bead are changed.

The absence of habituation wien the bead colour is changed in successive trials
might be explained by the way in which the chick perceives visual and olfactory cues.
For example, the chicks may associate the colour of the bead with the odour. By
changing the colour, but not the odour, the chicks may perceive it as a different
"stimulus”. Thus, the chicks would peck and shake the head, at about the same
frequency, during each trial (address:d further in Chapter 9). An alternative explanation
is that the pecking response of the chick is elicited by the colour of the bead and not the
odour. Therefore, changing the colour of the bead prevents visual habituation despite

the repeated presentation of the sam: odour.

The chick may not perceive th: visual and odour cues at the same time. It may be
that the chick's first peck at the bead is in response to the visual cues alone. That is, the
chick may not be exposed to a suprathreshold concentration of odour until after it has
pecked the bead (or during the pecl:). Therefore, the chick may not be able to sample
the presence or absence of odour on later trials unless it pecks at the bead. This
explanation seems likely as there was no effect of the stimulus on the latency to peck the
bead. This result is in agreement wilh those of Experiment 3.1 (see pages 59-61) when it
was found that pecking largely precc des head shaking. There were, however, significant
effects of the odorant, compared to stimuli that is unscented, on the amount of pecking,
the latency to shake the head and the number of bouts of head shaking. Thus, the
absence of habituation to the odor:nt may be due, indirectly, to the use of differently
coloured beads. It may be that th> chick habituates to an odorant if it is repeatedly

presented with a bead of the same colour. The effect of repeated presentations of odour
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coupled with beads of the same colour is considered further in Chapter 7 (see pages 183-

189).

EXPERIMENT 4.2: OCCLUDING THE CHICK'S NOSTRILS AND THE RESPONSE TO
ODORANTS

Although several studies hav:> shown that responses to odour are abolished by
occluding the chick's nostrils (Tolhurst and Vince, 1976; Jones and Gentle, 1985; and see
Chapter 1, pages 2-3 and 7) it is possible that the concentrations of odorant used in the
experiments reported in Chapter 3 stimulated receptors outside the nasal cavity. To
determine whether the odorants presented to the chicks stimulated receptors (either
olfactory or trigeminal) within the nasal cavity, or chemoreceptors in the eyes or mouth,
one group of chicks was tested with various concentrations of iso-amyl acetate diluted in
the solvent. This group of chicks aad had the nares occluded with a wax preparation

before the odorant was presented.

Responses to odorants mediated by chemoreceptive systems outside the nasal
cavity are more likely to occur iI" a higher concentration of iso-amyl acetate were
presented. However, this was ¢xamined by presenting various concentrations of
undiluted iso-amyl acetate to an additional group of chicks that had also had the nares
occluded. It was also of particular interest to determine whether occluding the chick's
nostrils with a wax preparation and then removing the wax (unblocking) damaged the
nasal cavity and altered the chick's -esponses to odour. Therefore, this group of chicks
was also tested with a single concentration of iso-amyl acetate after the wax had been

removed.

Methods

Fourteen chicks (9 males and 5 females) not previously exposed to the bead or
odorant were used in this experiment. One group of six chicks was tested with log
dilutions of isb-amyl acetate, prcpared in exactly the same way as described in

Experiment 3.1 (see page 48), and were presented in an ascending series of odour
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concentration (as in Experiment 3.2). Ten minutes before the training trials the chicks'
nostrils were occluded with a wax preparation according to the procedure outlined in
Chapter 2 (pages 39-41). Althou:h occluding the nares prevented the chicks from
inspiring air into the nasal cavities, 1t did not prevent them from breathing. The chicks'
nostrils remained occluded until the end of testing. The responses obtained from this
group of chicks were compared wih the responses of chicks that also received odour
concentrations in an ascending order but did not have their nostrils occluded (reported in

Experiment 3.2).

Chicks in another group (n=8), which also had the nares occluded before testing,
were presented with various suprathreshold concentrations of iso-amyl acetate. For this
group undiluted odorant was preseinted at three concentrations (1, 10 and 100 pl), as
well as an unscented stimulus (0 pl; containing a clean piece of cotton wool only) in four
testing trials. To compare the respnses to iso-amyl acetate from the same birds, they
received one additional testing trial; the wax preparation was removed (referred to here
as unblocked) and they were presented with 10 pl of iso-amyl acetate. The bead colours
used were red, light blue, dark blie, light green and dark green, and were allocated

according to a Latin-square design.

The non-parametric statistical procedures used to analyse these data are detailed in

Chapter 2 (page 41).

Results
Training trials

Chicks tested with both nostrils occluded demonstrated similar amounts of pecking
during the training trials as chicks that did not have their nostrils occluded
(cf- Experiment 4.1; see Tables 4.1 1 and 4.2.1). There was, however, a tendency for
chicks with both nostrils occluded to peck more than chicks that did not have their
nostrils occluded during the first taining rrial (Wilcoxon-Mann-Whitney test: z=1.95,
P=0.051; n=24 chicks with open rostrils and 14 with occluded nostrils) but not the

second training trial (z=1.17, .°=0.24). Occluding the nostrils resulted in
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Table 4.2.1 Mean x SEM head :haking and pecking responses during the training
trials for chicks with occluded and open nostrils

Number ¢f head shaking bouts Number of pecks
Group Training rial 1 ~ Training trial 2  Training trial 1 ~ Training trial 2
Occluded nostrils 0.71x(.16 0.93+0.25 4.29+0.95 3.00+0.77
Open nostrils 0.04 £ (.04 0.17 £ 0.08 1.96 + 0.39 1.83 £ 0.37

The data tabulated above presents the responses of chicks with occluded nostrils (n=14,
this experiment) and those which did not have their nostrils occluded (n=24, Experiment
4.1) during the training trials. Note that the means for chicks with open nostrils were
averaged and thus the values are nct the same as those in Table 4.1.1.

a significant increase in the number of bouts of head shaking during both of the training

trials (Trial 1: z=4.01, P<0.001; Trial 2: z=2.12, P=0.002).

Concentration-responses by chicks with both nostrils occluded

The responses of chicks that were tested with both nostrils occluded and presented
with the odorant concentrations ir an ascending order are presented in Figure 4.2.1.
Approximately 50% of chicks shook their heads at least once during each of the testing
trials. Thus, these chicks had a higher baseline level for head shaking but head shaking
levels did not alter when increasing concentrations of odour were presented. Occluding
both of the chicks' nostrils did not :esult in a significant effect of odour intensity on the
latency to shake the head (Friedmar test: F,=2.26, df=5, P=0.81) or the number of bouts
of head shaking (F,=0.48, P=0.99).

There were no effects of ocorant concentrations on the number of chicks that
pecked at the bead, nor were therc any significant differences in the responses to each
concentration of odour for either the latency to peck (F,=7.90 P=0.16) or the number of
pecks (F,=3.81, P=0.58). These results indicate that occluding the chicks' nostrils

prevents the chick from responding to odour.
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Figure 4.2.1 Mean (x SEM) nun ber of responses by chicks tested with both nostrils
occluded with a wax preparatio1 and presented with graded concentrations of iso-
amyl acetate. The scores are presented as the number of chicks shaking their heads (A),
the number of chicks pecking at the bead (B), the mean number of head shaking bouts (C),
the mean number of pecks (D), the mean latency to the first bout of head shaking (E) and
the mean latency to peck (F). For comparison, the broken line indicates the responses
from chicks that did not have their nostrils occluded and were tested with equivalent odour

concentrations presented in an aicending order (from Figure 3.2.1).

There were no

significant effects of the odorants' concentration on the chicks' responses.
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Effect of unblocking the chick's nostrils on the responses to iso-amyl acetate

Figure 4.2.2 shows the responses of chicks with occluded nostrils presented with
different volumes of undiluted iso-amyl acetate. Approximately 50% of chicks shook
their heads to an unscented stimulis as well as to the two lowest concentrations of
odorant delivered (1 and 10 pl). Al hough 6 out of the 8 chicks shook their heads to the
presentation of 100 pl of odorant this increase was only slight (see Figure 4.2.2.A).
There were no significant effects «f odour intensity on the number of bouts of head
shaking (F,=2.29, df=2, P=0.51; Figure 4.2.2.C) or the latency to shake the head
(F=4.20, P=0.24; Figure 4.2.2.E). However, it can be noted that there appeared to be
an increase in the number of head saaking bouts, as well as a decrease in the latency to
shake the head, with increasing concentrations of the odorant, although these were not

significant.

The number of chicks that pecked the bead was maximal with each presentation of
the undiluted concentrations of odo -ant (see Figure 4.2.2.B). There were no significant
differences between the pecking -esponses to each concentration of odour (mean

number: F;=2.63, P=0.45; latency: 1I'=1.16, P=0.76; Figures 4.2.2.D and 4.2.2.F).

The chicks then had the wax removed from their nostrils and were presented with
10 pl of iso-amyl acetate in a fifth resting trial. These data are indicated by the shaded
points on Figure 4.2.2. During this trial each chick shook its head and pecked the bead
at least once. The latency to shake the head appeared to decrease when the chicks were
tested with unblocked nostrils altho 1gh this did not reach significance (Wilcoxon signed
ranks test: z=1.68, n=8, P=0.09). Unblocking the nostrils resulted in a significant
increase in the number of bouts of head shaking (z=2.20, P=0.03) and a significant
suppression of pecking (z=2.52, P=).01). There was, however, no effect of unblocking

the nostrils on the latency to the firs. peck (z=1.12, P=0.26).
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Figure 4.2.2 Head shaking (left panels) and pecking (right panels) responses of
chicks tested with both nostrils occluded and presented with suprathreshold
concentrations of iso-amyl acetite. Scores are presented as the number of chicks
shaking their heads (A), the number of chicks pecking at the bead (B), the mean number
of head shaking bouts (C), the mcan number of pecks (D), the mean latency to the first
bout of head shaking (E) and the 11ean latency to peck (F). The chicks (n=8) were tested
repeatedly and presented with odour concentrations in random order, The shaded symbols
(®) indicate the same measures frcm the samne group of chicks tested in an additional trial
with their nostrils unblocked (Wilcoxon-Mann-Whitney test, n=8, 1t 0.10>P>0.05, *
P<0.05).
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Discussion

Iso-amyl acetate vapour stimulates receptors within the nasal cavity as chicks with
occluded nostrils did not show ccncentration-dependent changes in behaviour when
presented with the various concen rations of iso-amyl aéetate. This finding supports
previous studies (Tolhurst and Vince, 1976; Jones and Gentle, 1985) indicating that
receptors outside the nasal cavity, sich as those in the eyes or mouth, do not contribute
to odour perception. However, the 7ariance associated with the number of bouts of head
shaking appeared to increase slightly with increasing concentrations of diluted odorant,
as well as slight increases to undiluted odorant, suggesting that there was also some
stimulation of receptors by the odorant outside the nasal cavity. It is known that odours
can stimulate receptors of the ocular mucosae in humans (Moncrieff, 1955) which leads
to irritating or pungent sensation: (Cometto-Muiiiz and Cain, 1991), although eye
irritation thresholds are several ord:rs of magnitude higher than those found for odour
thresholds (Cometto-Muiiiz and Ca n, 1995b). The extra ocular muscles as well as the
nasal and oral cavities of birds are st pplied by the trigeminal nerve (Breazile and Yasuda,
1979; see Figure 1.3, page 15). Altl ough nasal trigeminal chemoreception contributes to
the perception of odours (Mason an1i Silver, 1983; Bang and Wenzel, 1985) it is unlikely
that iso-amyl acetate, at the concentrations used in the present experiment, stimulated
either the ocular or oral trigeminal r:ceptors to any great degree, as the responses to this
odorant were abolished when the nares were occluded. However, it had to be assumed
that, in the intact animal, nasal trigeminal chemoreception was involved in the chicks'

responses to an odorant.

Applying the wax preparation to the chicks' nostrils did not appear to have altered
the chick's sensitivity to the single odorants. There was a three-fold increase in the
number of bouts of head shaking and a suppression of pecking following the removal of
the wax. Moreover, these results suggest that pecking is elicited by the visual cues alone
as the latency to peck at the bead and the number of pecks were not affected by
occluding the nostrils, whereas there was a suppression in the number of pecks at the

bead following the removal of the wax preparation. After the chicks' nostrils were
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unblocked the presentation of 10 pl of iso-amyl acetate elicited similar responses as
those obtained from chicks that did not previously have their nares occluded. Thus, it is
unlikely that occluding the chicks nostrils affects their sensitivity to odours and this

formed the basis for unilateral naris occlusion reported in Chapter 6.

CONCLUSIONS

This experiment demonstrate s that habituation of the pecking response is prevented
by changing the colour of the bead on each trial. The lack of habituation in response to
odour indicates that testing the same chicks in a series of trials, with graded
concentrations of odorant, confirm; similar results found in chicks tested with odorant in
one trial only. Thus, by testing a chick repeatedly the number of chicks needed to be

tested can be reduced, and compari;ons can be made within the same animal.

There did not appear to be ar effect of bead colour on the head shaking or pecking
responses. The iso-amyl acetate vapour stimulated receptors within the nasal cavity as
chicks with occluded nostrils did not show concentration-dependent changes in
behaviour when presented with the various concentrations of iso-amyl acetate. It is,
however, assumed that several intranasal chemoreceptors may be involved in the
responses to an odorant. Thus, the test was suitable for screening the chicks' responses

to a range different odorants and this is presented in the following chapter.



