CHAPTER 5

SENSITIVITY TO DIFFERENT ODORANTS

INTRODUCTION

The experiments reported thus far have validated a method for establishing
concentration-response relationships to odorants in 1-day-old chicks. The experiments
reported in this chapter examine the chick's sensitivity to a greater number of odorants,
including odours which are biologically relevant to chicks. The experiments also

explored some of the methodological queries raised in Chapter 3.

One-day-old chicks demonstrite concentration-dependent responses to iso-amyl
acetate and allyl sulfide, whereas eugenol elicited increased head shaking at the highest
concentration only and there was no concentration-dependent relationship to pecking
with this odorant. Moreover, it is not clear whether the head shaking response to 10 ul
of each of these odorants was at a maximal level. It is possible that if a higher
concentration of odorant were deliv >red, the response would increase further, such as in
Experiment 4.2. To this end, the first scries of tests in this chapter used different
volumes of the single odorants rather than diluting the odorant with ethyl alcohol. Thus,

1, 10 and 100 pl of each odorant we -e used.

The first experiment reportel (5.1) screened responses to a range of single,
reagent-grade odorants including iso-amyl acetate, allyl sulfide and eugenol, as well as
limonene, cineole, geraniol, ammonia and methyl anthranilate. These chemicals
represented a range of possible o factory and/or trigeminal stimulants. As well as
differing physical characteristics, such as vapour pressure and molecular weights, this
range of odorants has varied psycho »hysical characteristics, as specified by humans, such
as floral, fruity or spicy qualities. In addition, potential differences between the

responses of males and females to odorants were explored in a second experiment (5.2).
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Single, reagent-grade odorant:. may not be the most suitable stimuli with which to
investigate olfactory responsiveness in the chick. Several of the previous studies
examining olfaction in the chick have found that the domestic chick's behaviour can be
modified by exposure to natural odcurs (Jones and Black, 1979; Jones and Faure, 1982;
Bume and Rogers, 1995; see Chavter 1, pages 5-8). Therefore, there is a need to
investigate the chicks' responses to natural or mixed odorants, using the olfactory test
developed. Thus, a third experimen: (5.3) screened a range of mixed odorants including
blood, feathers, faeces, wood litter ind a food odour. While it is recognised that these
odours are likely to consist of complex mixtures of odorants, the probable main odours

contained in these mixtures are listec! in Table 2.2 (page 33).

The following experiments us¢ d the olfactory test described in the previous chapter
to examine behavioural concentration-respcnse relationships for a number of odorants.
Only the method of generating the odour vapour (static or dynamic olfactometry)

associated with the bead and the sam ple cup was varied.

EXPERIMENT 5.1: SENSITIVITY TO SINGLE ODORANTS; STATIC OLFACTOMETRY

Methods

White leghorn x australorp chicks (30 males and 42 females) from five separate
batches were used. Incubation in tte light and housing conditions were as described in
Chapter 2 (see pages 24-25). The olfactory test used in this experiment is described in
detail in Chapter 2 (page 37). Each chick was tested repeatedly with the various
concentrations of one odorant only. The chicks tested in each 'odour’ group (n=8) were

drawn from two or three separate ba:ches and tested at different times of the day.

The single odorants used in this experiment were iso-amyl acetate (banana),
eugenol (cloves) and allyl sulfide (garlic), as well as limonene (lemon), cineole
(eucalyptus), geraniol (rose), methy! anthranilate (fruity) and ammonia (pungent). The
odour descriptors, in parenthesis after each odorant, indicate the characteristic quality of

each of the odours as described by humans (Merck Index, 1976). The chemical
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characteristics of each of the single odorants are described in detail in Chapter 2 (see

Table 2.1, page 32).

The single odorants were all lijuids and they were delivered by static olfactometry
(described on pages 34-35). The odorants were prepared on the day of testing by
applying either 1, 10 or 100 pl of ea:h odorant to a clean piece of cotton inside a sample
cup. Each stimulus was used four times before being discarded. Each group of chicks
was given two training trials (white bead; as in Chapter 2, page 37) followed by four
testing trials (red, dark blue, light tlue or dark green beads, see Figure 2.3, page 29).
During the testing trials the chick:. were presented with an unscented stimulus (the
sample cup contained a clean piece »f cotton only) as well as stimuli scented with 1, 10
or 100 pl of odorant. In addition, one group of chicks (n=8) was presented with

unscented stimuli during all four of t1e testing trials.

The responses were analysed using the non-parametric statistical procedures
detailed in Chapter 2 (page 41). Re ationships between the chicks' responses and odour
concentration were determined as in Chapter 3 and are also presented as response
threshold and ECsq values. Furtherniore, the number of chicks responding (head shaking

or pecking) was analysed using the Cochran Q test as in Chapter 4 (page 87).

Results

During the training trials therz were no significant differences between the nine
groups that were tested using static Hlfactometry for either the amount of pecking or the
amount of head shaking (P>0.05; :ee Table 5.1.1). This indicates that, although the

chicks in each group were selected a: random, there was no bias in group selection.

There were differences between the absolute number of chicks shaking their heads
to the presentation of each of the concentrations of the different odorants and this is
presented in Figure 5.1.1. In this ‘igure, as with those that follow, the scales on the

ordinate for each measure are the scme for each odorant. Also, the order of presenting
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Table 5.1.1 Mean x SEM head shaking and pecking responses during the training
trials

Odour to be presented Number of heal shaking bouts Number of pecks

during testing Training trial 1 Training trial 2 Training trial 1 Training trial 2

(Unscented) 0.63 £ 0.38 0.13+£0.13 2.25 £ 0.65 2.00 £ 0.65
Methyl anthranilate 0.50+£0.27 0.50 £ 0.38 3.00+ 1.35 250+ 1.04
Eugenol 0.38+£0.18 0.13+0.13 3.88+1.60 2.63 +0.82
Ammonia 0.13+0.13 0.50+0.27 3.63+£0.82 2.63+0.82
Geraniol 0.13£0.13 0.25+0.16 3.75+£1.03 3.63+1.34
iso-Amyl acetate 0.63 £ 0.50 0.63 £ 0.32 3.00+1.12 2.88 + 0.69
Cineole 0.75+0.25 0.50 £ 0.38 6.00 £ 1.34 325+ 098
Limonene 0.63 +0.32 0.38 £ 0.18 275+ 0.96 2.75+0.88
Allyl sulfide 0.38£0.26 0.13£0.13 6.13+£2.11 450+ 1.57

KW 1 6.53 432 11.14 2.30

P 0.59 0.83 0.19 0.97

The chicks' responses during the raining trials are tabulated above for each group of
chicks that would be presented with the single odorants during the testing trials.
i Separate Kruskal-Wallis tests, 1=72, df=8, indicated that there were no significant
differences between these groups or each of the measures during the first or second
training trial.

each of the odorants (position within the figure) is not varied so that comparison can be
made between the different measures. There was a significant increase in the number of
chicks shaking the head, compared to the responses to unscented stimuli, for all of the
odorants tested (see Table 5.1.2 for actual statistical values). A maximum level of
responding was obtained to nearly all of the higher concentrations of the odorants
screened, excluding only the groups of chicks that were presented with methyl
anthranilate or eugenol. For the latt:r two odorants, it was assumed that the response to
100 pl was at a maximum for tle calculation of the response threshold. Chicks
presented with eugenol had a response threshold of 3 pl.  Also, chicks presented with
iso-amyl acetate or allyl sulfide d:monstrate suprathreshold responses to all of the
concentrations presented. The response threshold value for those presented with methyl
anthranilate was less clear; estimated to be at approximately 5 pl with a range of 1-30 pl

of odorant.
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Figure 5.1.1 The data plotted ar: the absolute number of chicks shaking their heads
to various concentrations of diffe1 ent single odorants. The chicks (n=8 per group) were
tested repeatedly and presented with stimuli (bead colour and odour concentration) in
random order. Note that more thin half of the chicks shook their heads to at least one
concentration of each of the odorai ts, whereas less than half of the chicks presented with
unscented stimuli shook their heacs (upper left panel). Statistical values for differences
within each group are provided in 7'able 5.1.2.
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Table 5.1.2 Values of the Cochrin Q test comparing the number of chicks shaking
their heads in the presence of a bead coupled with the various concentrations of single

odorants
Odour group Q P

(Unscented) 3.8 03
Methyl anthrani ate 7.8 0.05
Eugenol 9.7 0.02
Ammonia 11.0 0.01
Geraniol 13.4 0.004
iso-Amyl acetatc 144 0.002
Cineole 12.8 0.005
Limonene 18.0 0.0004
Allyl sulfide 21.0 0.0001

The values tabulated above indicatc that there were significant increases in the number of
chicks shaking their heads, compaied to the presentation of the O pl stimulus, when each
group of chicks was presented with the various concentrations of odorant. Note that there
was no significant effect of repeate 1 presentations of unscented stimuli on the number of
chicks shaking their heads. The absolute number of chicks shaking their heads is shown
in Figure 5.1.1.

The results for the mean (+ ¢EM) number of bouts of head shaking displayed by
chicks presented with the single odorants are illustrated in Figure 5.1.2. A maximum
level of responding was found for the number of bouts of head shaking by chicks
presented with allyl sulfide, limonene or cineole. Thus, there appeared to be a true,
rather than assumed, maximum, although the increase in this response was not graded.
Also, the number of bouts of head shaking appeared to reach maximum at the higher
concentrations of eugenol (10 and 100 pl), although the level of responding was at least
half of that to allyl sulfide, liminene or cineole. There were, howéver, clear
concentration-dependent increases :n the number of bouts of head shaking for chicks

presented with graded concentrations of ammonia, geraniol or iso-amyl acetate.

The head shaking scores during the testing trials were compared within each group
using the Friedman test. The results of these analyses are presented in Table 5.1.3. The

analyses for the remaining measures (latency to shake the head and mean number and
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Figure 5.1.2 The mean (x SEM) number of bouts of head shaking is shown for the
various concentrations of different single odorants. These data are presented as in
Figure 5.1.1. Despite a relatively low level of head shaking by chicks presented with
unscented stimuli, there were increises in the number of bouts of head shaking to at least
one concentration of each of the odorants. Statistical values for the comparisons within
each group are given in Table 5.1.3
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latency to peck) are also presented n this table for convenience; they will be discussed

later.

Chicks presented with unscen ed stimuli on each of the four testing trials did not
show habituation of responding for head shaking. There was a significant effect
(P<0.05) of each of the odorants on the number of head shaking bouts, although this
only approached significance for he chicks presented with methyl anthranilate or
eugenol (0.10>P>0.05, see Table 5. .3)." Several of the chicks presented with unscented
stimuli shook their heads (0-3 on each trial) indicating that there was a low level of head
shaking in the absence of odour (se: Figures 5.1.1 and 5.1.2). The number of bouts of
head shaking by chicks presented wih unscented stimuli on each of the four testing trials
were averaged to yield a single score for each chick (0.19 + 0.06). Analysis with the
Kruskal-Wallis test revealed that the response of chicks presented with O pl of odorant
(unscented stimuli) during only ore of the testing trials (i.e. these chicks received
odorant during the remaining testi1g trials) was not significantly different from the
average response of chicks that were presented only with unscented stimuli (KW=8.85,

df=8, P=0.35).

Table 5.1.3 Values of the Friedrian test statistic (F,) comparing the effects of the
various concentrations of each of the single odorants on the chicks' head shaking and
pecking responses

Head shaking Pecking
Odour group F, (Mean no.) F, (Latency) F, (Mean no.) F, (Latency)
(Unscented) 1.5 14 0.5 23
Methyl anthranilate 6.6 % 5.6 9.7 * 1.2
Eugenol 6.8 ¥ 6.6 1 0.3 29
Ammonia 10.1 * 4.8 2.5 0.6
Geraniol 13.8 * 72 % 6.6 1.3
iso-Amyl acetate 13.0 * 142 * 12.3 * 14
Cineole 8.1 * 99 * 1.2 0.4
Limonene 14.0 * 17.8 * 11.1 * 9.9 *
Allyl sulfide 14.4 * 149 * 9.5 * 5.3

Separate analyses, comparing the chicks' responses during the four testing trials, were
performed for each ‘odour’ group (1 =8) using the Friedman test. The symbols following
the F| statistic indicate the level of significance, 1 0.10>P>0.05, * P<0.05.
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Within the range of concentrations presented, the number of chicks shaking their
heads to increasing concentrations 0 “ammonia, geraniol or iso-amyl acetate formed clear
concentration-response relationships. However, chicks demonstrated suprathreshold
head shaking responses (i.e. >50% ¢ haking their heads) to all concentrations of geraniol
and iso-amyl acetate, as well as to 2ach of the concentrations of cineole, limonene and
allyl sulfide that were presented. These results also repeat some of those found in
Experiment 3.3, in which the response threshold to iso-amyl acetate and allyl sulfide

were determined at 10-14 ul of each jdorant.

The differences in the chick's 1esponses to increasing concentrations for each of the
odorants, calculated as response thre shold and ECsq values obtained for the head shaking
and pecking scores, for the numter of responses and the latency to respond, are
presented in Table 5.1.4. This tabl: is referred to over the following sections, and the
data in it will be used to describe the different sensitivities to each of the odorants

screened.

Table 5.1.4 Response threshold a 1d EC;, values for each of the odorants screened

Head : haking Pecking
Response 13iCy: ECs,: Response ECs,: ECs;:
Odour group threshold mdan no. latency threshold mean no. latency
(Unscented) NA NA NA NA NA NA
Methyl anthranilate 5(1-30) 5(<1-40)  5(<1-50) NA 3 (2-6) NA
Eugenol 3 2(1-7) 8 (2-30) NA NA NA
Ammonia 10 20 [12-40) 10 (<1-40) NA NA NA
Geraniol <1 2 <1-4) 2 (<1-4) NA 10 (1-20) NA
iso-Amyl acetate <1 <1(<1-3) «<1(<1-2) NA <1 NA
Cineole <1 <1 <1 (<1-60) NA NA NA
Limonene <1 <1 <1 (<1-1) NA <1 <1
Allyl sulfide <1 <1 <1 (NA) NA <1 (<1-3) NA

The values tabulated above indic:te the response threshold and ECy, values for head
shaking and pecking following the presentation of the various concentrations of each of
the single odorants (n=8 per group). The values in parenthesis indicate the lower and
upper range of values. NA indicates that a value (mean or range) could not be determined.
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The number of chicks that pecked at beads coupled with each of the single
odorants did not depend on the odoiant used. These data are presented in Table 5.1.5.
A response threshold based on the number of chicks that pecked could not be calculated
for any of the single odorants screencd (indicated by NA in Table 5.1.3). There appeared
to be a decrease in the overall numb:r of chicks pecking with increasing concentrations
of odour (percentage of chicks that pecked the bead, 0: 97%, 1 pl: 88%, 10 ul: 84%,
100 pl: 81%; pooled for the eight groups presented with odour, n=64) although this did
not approach significance (F,=5.59, df=3, P=0.13, ranked according to the number of

chicks that pecked at each concentration, n=3 groups).

Table 5.1.5 Number of chicks that pecked at beads coupled with various
concentrations of a range of single odorants

Concentration of odorant (ul)

Odour group 0 1 10 100
(Unscented) 7 8 8 8
Methy! anthranilate § 8 7 8
Eugenol ¢ 7 7 6
Ammonia 8 8 7 8
Geraniol 8 8 8 7
iso-Amyl acetate 8 7 6 h]
Cineole 8 6 7 6
Limonene 8 5 6 5
Allyl sulfide 8 7 6 7

Values indicate the number of chicks responding (n=8 per group). Analysis using
Cochran @ test, df=3, revealed no significant effect of the concentration of the various
odorants on the number of chicks th: t pecked (Q<5.1, P>0.2)

The results for the mean (+ SEM) number of pecks at beads coupled with the single
odorants are illustrated in Figure 5.1.3. The amount of pecking was invariant across
each of the testing trials for chicks piesented with the various concentrations of eugenol,
ammonia or cineole. In contrast, chicks presented with graded concentrations of methyl
anthranilate, geraniol, iso-amyl ac:tate, limonene or allyl sulfidle demonstrated a

suppression of pecking, compared 10 their responses to unscented stimuli (see Table
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Figure 5.1.3 This figure presents the mean (x+ SEM) number of pecks at beads coupled
with the various concentrations o’ different single odorants. These data are presented
as in Figure 5.1.1. The statistical vilues from the analysis of the number of pecks made by

each group of chicks are given in Table 5.1.3.
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5.1.3). Thus, an ECs, value for the pecking scores could be determined for these odours
(see Table 5.1.4). Furthermore, the responszs of chicks presented with iso-amyl acetate
or limonene appeared to level out at a minimum level of responding to 1, 10 and 100 pl

of each odorant.

The delay for chicks to shake the head as well as the latency to peck at the bead
was affected by the repeated preseniations of limonene-scented stimuli only (see Figure
5.1.4). For the remaining odorants, the latency to peck the bead was invariant with the
various concentrations. Those presented with the higher concentrations of allyl sulfide,
cineole, iso-amyl acetate or geraniol shook their heads at the same time as or before they
pecked at the bead. By contrast, chicks presented with methyl anthranilate, eugenol or
ammonia shook their heads after pe:king at beads presented together with the various

concentrations of each odorant.

Thus, the fnean number of boits of head shaking (Figure 5.1.2), and to a lesser
extent the latency to shake the heac. (Figurz 5.1.4), gave the most reliable measure of
odorant concentrations for all of the odorants screened, whereas the latency to peck the
bead was significantly affected only by limorene (see Figure 5.1.4). The mean number of
pecks at beads (Figure 5.1.3) couplzd with odour were significantly affected by some
(methyl anthranilate, geraniol, iso-amyl acetate, limonene and allyl sulfide), but not all, of
the odorants screened. For example the number of pecks was not significantly affected

by the presentation of any of the concentraticns of eugenol, ammonia or cineole.

Correlation between head shaking « nd pecking measures

The relationship between the response threshold and ECs, values for the head
shaking and pecking measures are resented in Table 5.1.6. The response threshold
values for pecking were not incluled in the correlation as. a value could only be
determined for limonene (see Table 5.1.3). There were strong correlations between the
response threshold (absolute numbe ) and ECsy values (mean number and latency) for

head shaking. Thus, there was an equivalent effect of the odorant on the number,
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Figure 5.1.4 These data are presented as the mean (x SEM) latency to shake the head
(O—0), and latency to peck (® - @) at beads coupled with various concentrations of

different single odorants. Data are presented as in Figure 5.1.1.

The data were

analysed using the Friedman test an 1 the statistical values are presented in Table 5.1.3.
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mean number and latency to shake the head. By contrast, there was no correlation
between the pecking scores and those for head shaking and furthermore, there was no

correlation between the ECs for the latency to first peck and the ECs for the number of

pecks.

Table 5.1.6 Correlation between the response threshold and the EC,, values for
pecking and head shaking

Head shaking
Response EC,,: ECy:
threshold mean no. latency
Head shaking
ECs,: mean no. 0.89 =
EC,: latency 0.90 = 0.95 *
Pecking
EC4: mean no. -0.28 0.01 -0.20

The figures tabulated above give th2 Spearman rank order correlation coefficients (rs) for
the relationship betwcen the responsc threshold and ECs, values for the head shaking and
pecking data presented in Table :.1.3 (n=8). Cocfficients annotated with an asterisk
indicate a significant correlation, P-:0.05.

% The response threshold for peck ng and the latency to first peck were not included in
thesc corrclations as they could not be determined for morc than one odorant (limonenc).

Effects of the odorant's chemical c1aracteristics on the chicks' responses

In this experiment an attem>t was made to determine whether the odorants'
chemical characteristics, such as its vapour odressure, affected the chicks' responses. The
odorants used had differing chemicul characteristics but they were not selected a priori
to represent an evenly distributed range. Therefore, it was not possible to investigate
relationships using a correlation. Jowever, the various odorants could be separated
according to those with a low (<1 mm Hg) or a high (>1 mm Hg) vapour pressure at
ambient temperature (25°C) and the responses to each could be compared. The odorants
with a low vapour pressure included methyl anthranilate (0.03), eugenol (0.04) and
geraniol (0.05), and those with a high vapour pressure were cineole (1.96), limonene

(2.03), iso-amyl acetate (5.32) and allyl sulfide (8.89). For this analysis, chicks
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tested with unscented stimuli or stim ili that contained ammonia (the vapour pressure for

a 29% solution was not known) were not included.

It is evident from Figures 5.1.5.C and 5.1.5.E that chicks presented with odorants
with lower vapour pressures shook their heads significantly less, and after a significantly
longer delay compared to those presented with the odorants with higher vapour
pressures (Wilcoxon-Mann-Whitney test: mean no., z>3.21, P<0.001; latency, z>2.53,
P<0.01; for separate comparisons at each concentration). This difference was not likely
to have been due to a different base ine level of responding as there were no significant
differences between these two groups in their head shaking responses to the O pl
stimulus (mean no., z=1.67, P=0.10 latency, z=1.07, P=0.28). The difference between
the proportion of chicks shaking their heads only approached significance (chi-square
test: %2=6.38, df=3, 0.10>P>0.05; :ccording to the percentage of chicks shaking their

heads at each concentration; see Figure 5.1.5.A).

By contrast, the pecking scores were relatively unaffected by the odorants' vapour
pressure (Figures 5.1.5.B, D and F). There were no significant differences between the
proportion of chicks pecking (¥?=2.52, df=:3, P>0.50), the number of pecks (z<1.28,
P>0.20, for comparisons between 0, 10 or 100 pl of odorant) or the latency to first peck
(z<1.58, P>0.11, for each compariscn). However, chicks presented with the low vapour
pressure odorants pecked more, compared to chicks presented with odorants with higher

vapour pressures, at 1 pl of odorant z=2.12, P=0.03).
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Figure 5.1.5 Mean (+ SEM) nunber of responses to odorants having either a low
(n=24, O) or a high (n=32, @) vapour pressure at 25°C. The scores are presented as the
percentage of chicks shaking their heads (A) and the percentage of chicks pecking at the
bead (B), rather than the absolut: number responding so as comparison can be made
between groups, which have diffe ent sample sizes. The number of head shaking bouts
(C), the number of pecks (D), the latency to the first bout of head shaking (E) and the
latency to peck (F) are also shown Significant differences are indicated with an asterisk,
P<0.05, Wilcoxon-Mann-Whitney test. Sece text (pages 119-120) for allocation of the
odorants to each group.
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Discussion

The results of this experimen: for iso-amyl acetate, allyl sulfide and eugenol are
consistent with those found in Chagter 3. Furthermore, a maximal response was found
for head shaking to eugenol as well as allyl sulfide. However, the upper limit for head
shaking to eugenol was not at the h ghest possible level at which the chicks could shake
their heads. Much higher levels of head shaking were found to allyl sulfide. Thus, it
appears that the upper limit was re: ched because either all the-available receptors were
saturated with eugenol or, and mo:e likely, there was a maximum number of odorant
molecules in the vapour phase surrounding the bead. No suppression of pecking was
found to eugenol indicating that tie inverse relationship between pecking and head
shaking is not evident for this odorant. The pecking responses to allyl sulfide and iso-
amyl acetate, however, appeared to be at a minimum. For the latter odours the inverse

relationship between pecking and heid shaking was evident once again.

The chicks' responses to amm onia and eugenol were similar. This is despite the
fact that, at least in humans, eugenol is a relatively pure olfactory stimulant (Doty et al.,
1978) while ammonia is a relatively pure trigeminal stimulant (Doty et al., 1984). If the
same is true for the chick, it woull seem that stimulation of olfactory and trigeminal
receptors contributes to the concen ration-dependent responses observed in the present
experiments, although this is discussed further in Chapter 6. Thus, the behavioural
response to an odorant may be mediated, in the chick, by a brain region(s) that receives

input from the various chemorecepti ve systems.

EXPERIMENT 5.2: RESPONSES OF' MALE AND FEMALE CHICKS TO VISUAL AND
VOLATILE STIMULI
There is, as yet, no evidence for sex differences in the chicks' responses to
odorants, although during the first fow weeks post-hatching male and female chicks have
been shown to respond to a number of different tasks in quite different ways. This has
been demonstrated in their responsc: to novelty, for example, and can be demonstrated

when they are placed in a novel environment (i.e. Jones, 1977a; Vallortigara and
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Zanforlin, 1988). However, it is dif icult to speculate regarding potential sex differences
in response to odorants because separate studies that have investigated the responses to
odour by the chick tend to use ecither female (Jones and Gentle, 1985) or male
(Vallortigara and Andrew, 1994) clicks only, to control for the behavioural differences
between males and females, or the results are pooled for chicks of both sexes (i.e.
Tolhurst and Vince, 1976; Turro et al, 1994). As the results from a previous
experiment suggested that there may be sex differences in response to the visual elements
of a bead task (Andrew and Brennan, 1984), the aim of this experiment was to compare
the responses of male and female ch cks to the presentation of several different odorants.
For comparison with the experiments reported in Chapter 3, iso-amyl acetate, allyl

sulfide and eugenol were chosen.

Methods

Ninety-six chicks (47 males and 49 females) from six separate batches were used in
this experiment. Incubation in the light and housing conditions were as described in
Chapter 2 (see pages 24-25). Treztments were randomised across all batches and the
method of delivering the odorant static olfactometry) was identical to that used in
Experiment 5.1. The single odoraats used in this experiment were iso-amyl acetate,
eugenol and allyl sulfide, and 0, 1, 10 or 100 pl of each odorant were presented in a

random order as in Experiment 5.1.

These data were analysed using the non-parametric statistical procedures detailed
in Chapter 2 (see pages 41). Differences between the proportion of males and females
shaking their heads or pecking the head to each of the odorants across the four testing
trials were compared using a chi-square test (x2). As the primary aim of these tests was
to compare the responses of males : nd females, rather than determining the effect of the
odorant per se, the results were an:lysed with Wilcoxon-Mann-Whitney tests. For this
comparison, the head shaking and p:cking measures (mean no. and latency) from males
or females were averaged (for each odorant) to yield a single score for each sex, rather

than submitting the data to multipl: tests. If this overall test resulted in a significant
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effect, separate Wilcoxon-Mann-Whitney tests, were then used to determine the source

of the difference, by comparing the cffects of sex at each concentration.

Results
The head shaking and peckiny; responses of males and females during the training
trials is presented in Table 5.2.1. Males demonstrated significantly more bouts of head

shaking and made more pecks than {emales during both of the training trials.

Table 5.2.1 Mean % SEM head shaking and pecking responses by male and female
chicks during the training trials

Number of head shaking bouts Number of pecks

Training trial 1 Training trial 2 Training trial 1 Training trial 2

Males (n=47) 043+0.12 0.30+ 0.09 4.62 £ 0.55 4.04+£0.43
Females (n=49) 0.16 + 0.06 0.06 + 0.03 3.141£0.53 271+ 042
z % 1.89 243 251 253
P 0.06 ¥ 0.01 * 0.01 * 0.01 *

1 Separate analyses were performed using the Wilcoxon-Mann-Whitney test to compare
the responses of males and females during each of the training trials. There were
significant differences between miles and females for each measure, T 0.10>P>0.05,
* P<0.05

The mean (+ SEM) responses by males and females that were presented with the
various concentrations of iso-amyl acetate are shown in Figure 5.2.1. There were no
significant differences between the proportion of males and females that shook their
heads (y2=1.46, df=3, P>0.50) or pecked the bead (}2=2.62, P>0.30). When the data
were averaged to yield a single data point for males and females there were no significant
differences between the sexes for cither the head shaking scores (mean no.: z=1.22,
P=0.22; latency: z=1.21, P=0.23), or the pecking scores (mean no.: z=1.08, P=0.28;
latency: z=0.30, P=0.76). Thus, despite the differences between males and females

during the training trials there were 110 sex differences in response to iso-amyl acetate.



CHAPTER 5: SINSITIVITY TO DIFFERENT ODORANTS

125

iso -Amy] acetate

Head shakiny; Pecking
= Q
3L g
g 4
g S
ot (0]
g 50 |- 2 50 -
S 8
E 5
8 - Ay I
8
=9
0 ,III I | | 0 /,1 ] I 1
4 C 10D

Number of pecks
S
I

Number of head shaking bouts
[ 3]

2
0 IIII | | | 0 Il,l | 1 |
10 E 10 -F
g 8 4 8 |-
i g |
e -
g O $°r
- 8 -
=
o 4 ~ Z 41
= 9 >
) - = -
> 2
Q 2 — I ] 2 —
g [ 37
<
= 9 /—! 1 ! 0 /1 L L
0 1 10 100 0 1 10 100
QOdorant concentratio 1 (ul) Odorant concentration (ul)

Figure 5.2.1 Mean (+ SEM) nun ber of responses to differing concentrations of iso-
amyl acetate by male (n=15, O) a1d female (n=17, ®) chicks. The scores are presented
as the proportion of chicks shaking their heads (A), the proportion of chicks pecking at the
bead (B), the number of head shaking bouts. (C), the number of pecks (D), the latency to
the first bout of head shaking (E) ind the latency to peck (F). There was no significant
(P>0.05) difference between males and females in response to this odorant.
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The presentation of the various concentrations of allyl sulfide did not result in any
significant differences between males and females for the pecking scores (proportion
responding: %?=0.62, P>0.80; meun no.: z=0.40, P=0.69; latency: z=0.21, P=0.84;
Figures 5.2.2 B, D and F), nor for the head shaking scores (mean no.: z=1.43, P=(.15;
latency: z=1.36, P=0.17; Figures 5.2.2.C and E). There was, however, a significant
difference between the proportion of chicks shaking their heads (%2=30.23, P<0.001). A
higher proportion of males shook their heads, compared to females, when they were
presented with the O pl stimulus. 'This did no appear to be due to the presence of the
odorant as there was no significant difference in the proportion of chicks shaking their
heads to the presentation of either 1 10 or 100 pl of allyl sulfide (x2=0.13, df=2, P>0.90;
Figure 5.2.2.A). Furthermore, the ¢ were no significant differences in the number of
bouts of head shaking when chicks' ested with the 0 pl stimulus during either the first or
fourth testing trial was compared (males: z=:0.52, P=0.61, n=4 at trial 1 and 5 at trial 2;
females: z=0.89, P=0.37, n=4 at trial 1 and 5 at trial 2). Thus, it appears that the sex
difference found for head shaking in this group were unlikely to have been due to carry

over effects of odorant presentation in the repeated trials.

In contrast to iso-amyl acetatz and allyl sulfide, there was a sex difference in the
chicks' responses to eugenol (Figure: 5.2.3). Males shook their heads significantly more,
overall, than females following the presentation of the various concentrations of eugenol
(z=2.51, P=0.01). As there was no tignificant difference between the number of bouts of
head shaking to the O pl stimulus by males or females (z=0.78, P=0.44), the sex
difference resulted directly from the presentation of the odorant, although this difference
was clearest following the presentation of 1 pl of eugenol (1 pl: z=2.27, P=0.02, 10 pl:
z=1.78, P=0.07; 100 ul: z=1.86, P=0.06). It was unlikely that this reflected a lower
sensitivity to eugenol by males as there were no significant effects of the odorant on the
proportion of chicks shaking their heads (y2=2.30, P>0.50) nor on the delay to shake the
head (z=1.45, P=0.15). Thus, itis likely that the difference between males and females is
not due to differential sensitivity to eugenol but, at these concentrations, it appears that

males simply shake their heads morc: than females to this odorant.
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Figure 5.2.2 Mean (+ SEM) number of responses to differing concentrations of allyl
sulfide by male (n=16, O) and female (n=16, ®) chicks. Data are presented as in Figure
5.2.1. There was no significant (P>0.05) differences between males and females in
response to this odorant. However, it can be noted that for this group, males shook their
heads more than females following the presentation of unscented stimuli (* P<0.05).
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Figure 5.2.3 Mean (+ SEM) numer of responses to differing concentrations of allyl
sulfide by male (n=16, O) and fenale (n=16, ®) chicks. Data are presented as in Figure
5.2.1. Males shook their heads significantly more than females overall (1 0.10>P>0.05,
* P<0.05), although there were no sex differences in the number of chicks shaking their
heads, or for the latency to shake th > head.
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The presentation of the varicus concentrations of eugenol did not result in any
significant differences between malcs and females for the proportion of chicks pecking
(x>=1.18, P>0.70; Figure 5.2.3.B) for the number of pecks (z=1.59, P=0.11; Figure
5.2.3.D) or for the latency to first pcck (z=0.70, P=0.49; Figure 5.2.3.F).

Discussion

In this experiment, males and females did not demonstrate a differential sensitivity
to iso-amyl acetate or allyl sulfide hut males presented with eugenol shook their heads
significantly more than females. This may reflect a lower sensitivity of males to this
odorant. However, this seems unlik:ly as the number of chicks shaking the head, as well
as the latency to shake the head, did not differ between the sexes following the
presentation of any of the concentra ions of eugenol. The differences between males and
females may reflect differential responses to the testing procedure, such as handling
(Jones and Waddington, 1992) or >eing placed into the testing cage. They may also

represent general differences in behaviour.

Head shaking and pecking arc more likely to be elicited by visual stimuli in male
compared to female chicks that have been treated with testosterone on day 3 (Andrew,
1975a; 1975b). This may explain why males displayed more bouts of head shaking and
higher amounts of pecking than females during both of the training trials in the present
experiment. Furthermore, sex differences are frequently observed during the first week
post-hatching in untreated chicks (i.e. Jones, 1977a; Andrew and Brennan, 1983;
Vallortigara and Zanforlin, 1988). For example, males are more likely to display anti-
predatory reactions, such as a lower level of activity in a novel environment, whereas.
females are more likely to attempt to reinstate social contact, displaying higher levels of
activity and vocalising more than males (Gallup and Suarez, 1980; Vallortigara and

Zanforlin, 1988; Vallortigara et al., 1990).

The testing cage used in the present experiments was designed to resemble the
home-cage. That is, the dimensions, colouring and texture of the testing cage, as well as

the lighting and floor covering were the same as that in the home-cage. Thus, it is likely
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that placing the chick into the testing cage was a potentially less frightening situation
than placing the chick into a cage that is markedly different, such as an open field (cf.
Gallup and Suarez, 1980; Jones, 1982). However, using a more familiar testing
environment, which is likely to evoke a lower level of fear than a completely novel
environment, results in repeatable di ferences between males and temales (Jones, 1977a;
Vallortigara and Zanforlin, 1988). The factors which account for the differences in
response to eugenol by male and ft male chicks were not examined in this experiment
and, thus, it is not possible to conclude tha: there are sex differences in response to an
odorant or that specific behavioural differences induced such altered responses. This is

further discussed below (page 137, C eneral Discussion)

EXPERIMENT 5.3: SENSITIVITY TO MIXED ODORANTS; DYNAMIC OLFACTOMETRY

This experiment examined the responses of chicks to a number of mixed odorants.
These odorants were chosen as a nimber of previous studies have indicated that older
chicks (>4 days post-hatching) demronstrate approach or avoidance responses to them.
For example, Jones and Black (1979) have cemonstrated that chicks show an aversion to
the odour of conspecific blood (see "hapter 1, pages 5-6) and it was considered relevant
to examine responses to conspecific blood samples using the bead task. It has also been
shown that chicks that have been reared with stimuli scented with nesting-litter
preferentially approach stimuli with that odour when tested at 4 days of age (Burne and
Rogers, 1995; see Chapter 1). The 'nesting-litter' used in the latter study consisted of a
mixture of feathers and faeces obtiined from mature birds housed in a poultry shed.
Thus, the present study included the odours from feathers as well as the odours from

faeces as olfactory stimuli.

The odour of wood litter was also selected as chicks are commonly housed on or
over this substrate. Furthermore, chicks housed over a wood litter substrate develop a

preference for the odours of the familiar soiled litter, compared to clean litter or litter
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that has been soiled by a strange cor specific (Jones and Gentle, 1985). However, there

is no direct evidence that chicks can detect the odour of the wood litter.

Gentle (1985) proposed that tae chick responds to food odours during the initial
stages of feeding (Stage 1; Gentle, 185), al:hough this has not been supported by direct
experimental data. Thus, a commerc ally available chick starter mash (crumbles), derived

principally from grasses and grains, was also used in this experiment.

Methods

White leghorn x australorp ch cks (30 males and 18 females) from three separate
batches were used. Apart from the method used to generate the odorant vapour, the
chicks were incubated, housed and ested in the same way as those in Experiments 5.1
and 5.2. Each chick was tested -epeatedly with the various concentrations of one
odorant only. The chicks tested in each 'odour’ group (n=8) were represented in each of

the three batches.

The mixed odorants used in tt is experiment were those of feathers, faeces, blood,
wood litter and chick starter mash. The blood was liquid and the remaining substrates
were solid. All the mixed odorants were delivered by dynamic olfactometry (described
on pages 35-37). Saturated vapour was generated by passing filtered air through a 500
ml glass flask that contained 5 cm? of either chick starter mash, feathers, faeces, wood

litter or blood. The containers were maintained at 26-29°C.

The blood samples were obtained from 1-day-old white leghorn x australorp chicks
that were killed humanely by cervi:al dislocation, their heads removed and the blood
drained into a 5 ml vial. The vial 1ad been rinsed with 0.1 ml of heparin (David Bull
Laboratories, Melbourne, Victoria to prevent the blood from clotting. All of the
procedures used to obtain the blooc samples were carried out on the day of testing in a

separate room.
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The feathers and faeces werc obtained from a poultry shed (Laureldale Poultry
Facility, UNE) that housed intensively farmed isa brown layer hens. The wood litter

consisted of shavings from mixed hi.rd and soft woods.

The amount of saturated vapour in the carrier stream was controlled using two
inline flow meters and the flow rate was always maintained at 250 ml min-!. Humidified
clean air was generated by passing ¢ ir over 26 ml of distilled water contained in a folded
glass tube. Three concentrations of each odour were delivered by varying the amount of
air flowing over the odorant; 2.5, 25 or 250 ml min-!. Thus, the concentration of odour
at the delivery tube was either a 0, 1:1, 1:10 or 1:100 dilution of odour. In addition, one
group of chicks (n=8) was tested w.th clean, humidified air (0 dilution) delivered at 250

ml min-1.

Results

There were no significant d fferences between the amount of pecking or the
amount of head shaking (P>0.05) by the six groups during the training trials (Table
5.3.1). Therefore, chicks were responding at a similar level before the presentation of

odour.

Table 5.3.1 Mean + SEM head :haking and pecking responses during the training
trials for each group of chicks that would be presented with mixed odorants

Odour to be presented Number of head shaking bouts Number of pecks

during testing Training trial 1 Training trial 2 Training trial 1 Training trial 2

Unscented 0 0 2.63+0.50 2.75+0.82
Mash 0 0.25+0.16 450+ 1.67 3.00+0.85
Feathers 0.13+0.13 0 2.63 + 0.65 2.50+0.73
Faeces 0.13+0.13 0 4.00+0.85 3.00+1.05
Blood 0.13+0.13 0.13+0.13 438+ 124 3.50 £ 0.89
Wood litter 0.25x0.16 0.25+0.16 5.88+1.13 2.63+£0.82

KW i 3.72 6.34 5.10 3.09

P 0.59 0.27 0.40 0.69

1 Analysis was performed using th¢ Kruskal-Wallis test, n=48, df=5
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The absolute number of chicks that shook their heads increased only to the
presentation of faecal odour and wod-litter odour. The head shaking increased for each
dilution of the faecal odour and for the highest dilution of the wood-litter odour (Table
5.3.2). For the remaining mixed odcrants screened, the number of chick's responding did
not differ from chicks presented with clean air on each of the testing trials. That is, the
absolute number of chicks shaking their heads was minimal and the number of chicks

pecking the bead was maximal to all of the odour dilutions presented.

The head shaking and pecking scores (mean number and latency) for each group of
chicks during the testing trials were comparzd using the Friedman test. The results from
these analyses are presented in Table 5.3.3. There were no significant effects of testing
chicks repeatedly with unscented :timuli for either the pecking or the head shaking
responses (P>0.05). There was a significant effect of the faecal odour on the number of
bouts of head shaking (Table 5.3.3). There were no other significant effects of the mixed

odorants for the latency or the number of head shaking or pecking responses.

The mean (+ SEM) number > bouts of head shaking and pecks at the beads
presented together with the various dilutions of the mixed odorants are illustrated in
Figure 5.3.1. The faeces odour produced the most noticeable effects on the head
shaking response. The number of head shaking bouts by chicks tested with the wood-
litter odour began to increase only at the highest dilution (1:1) of odour presented,
although this was not significant. Pecking was relatively invariant with each of the odour
dilutions. However, two particular results deserve mention. Although the results were
not significant, there appeared to be a slight decrease in the number of chicks pecking at

beads presented with the blood or tke faecal odour.
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Table 5.3.2 Number of chicks that pecked at beads or shook their heads following
presentation of the various concer trations of mixed odorants (n=8 per group)

Odorant dilution

Odour group 0 1:100 1:10 1:1

Head shaking
Unscented 1 0 1 1
Mash 1 1 0 1
Feathers 2 0 1 1
Faeces 0 6 6 6
Blood 1 1 1 1
Wood litter 2 2 1 4

Pecking
Unscented 7 8 7 8
Mash 8 8 7 8
Feathers 7 7 8 8
Faeces 8 8 8 8
Blood 8 6 7 7
Wood litter 8 8 8 8

Table 5.3.3 Values of the Fr.edman test statistic (Fr) comparing the various
concentrations of the mixed odorants on the chicks' head shaking and pecking
responses

Head :haking Pecking
Odour group F_(Mean no.) F, (Latency) F, (Mean no.) F,_ (Latency)
Unscented 0.2 1.0 1.8 1.7
Mash 0.2 0.2 1.6 54
Feathers 0.6 0.5 14 1.5
Faeces 8.2 * 4.2 3.0 1.2
Blood 0.0 2.5 5.0 1.1
Wood litter 2.1 0.3 4.0 0.8

Analysis was performed using Friedman test, n=8 per group, * P<0.05.
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SEM) number of pecks at beads (P) following presentation of the various dilutions of
different mixed odorants. The chicks (n=8 per group) were tested repeatedly and
presented with stimuli (bead colour and odour dilution) in random order. The two upper
left panels depict the responses of chicks tested with clean air delivered at a flow rate of
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Discussion

Although, overall, the chicks did not appear to respond to the mixed odorants, at
these concentrations, it is apparent from previous studies that they can detect and
respond to these odours. For exam le, they alter their approach-avoidance behaviour in
response to conspecific blood (Jones and Black, 1979) or the nesting litter of mature
chickens (Burne and Rogers, 1995). Given the relationship between the vapour pressure
of the single odorants and the chicks' head shaking response demonstrated in Experiment
5.1, the lack of response to the mix2d odorants may have been due to the low volatility
of the odour sources of the conspecific blood, mash, feathers and wood litter.
Alternatively, the present method of delivering these odours (dynamic olfactometry) did
not provide enough odour vapour to the chick. By contrast, the faeces is likely to
contain more volatiles. The chicks demonstrated by their head shaking responses that

they had detected the odour of faeces.

Alternatively, it may be that tie chicks detected the mixed odorants but, at these
concentrations or within the context of the test, they were below the threshold for
responding. It is also possible that the mixed odorants from the mash, feathers or wood
litter were familiar to the chicks as they had previous experience with the food (home
cage), feathers (from other chicks n the incubator), wood (perhaps from the wooden
racks and paper towel) and possibly the blood (pecking at shell membranes during

hatching) and, therefore, did not res yond to the odours.

An alternative line of argumcnt is that the mixed odorants that did not elicit a
response were not irritating or aversive. If this was the case then the stimulation of head
shaking to the faecal odour, as well as to all the single odorants screened, suggests that
head shaking is a measure of irrita ion or disgust. It could also be argued, as chicks
shake their heads to olfactory stimuli, that head shaking may be a response to a fear-

inducing odour and not necessarily a response to irritating stimuli per se.

It can be noted that, although not significant, there was a gradual suppression of

pecking with each dilution of the odour of conspecific blood delivered, and it is possible
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that if a higher concentration of odour were delivered that there would be a further
suppression of pecking. Jones ani Black (1979) have found that 7-day-old chicks
respond to the odours of blood as f:arful and show differential responses to conspecific
blood and blood from another specics (mice). Perhaps responses to the mixed odorants
depend on the chick's age and tha at 1 day post-hatching the blood odour is not a
relevant stimulus. If this was the cise, then the faecal odour may be a more pertinent
stimulus as this odour prevents ingestion of a potentially harmful substance while the
chick is learning to feed. However. potential affects of prior exposure to an odour and

the subsequent effects on the chicks' responses are addressed further in Chapters 8 and 9.

sENERAL DISCUSSION
These experiments demonstra e that chicks show differential responses to a range
of odorants. It also shows that mal:s and females do not show differential sensitivity to
several of these odorants (iso-amyl acetate and allyl sulfide) validating the results
reported in Chapter 3 in which chic'ts of both sexes were used. Furthermore, it appears
that presenting single odorants eokes rnore consistent responses than the mixed
odorants, although it possible that the method of presenting the mixed odorants (dynamic

olfactometry) did not provide enough odour vapour that the chicks could detect.

There are several explanation:. for the differential sensitivity to the different single
odorants and these will be discusscd below. No exhaustive olfactory studies, using a
range of different odorants, have becn performed on birds but these have been performed
on human subjects. Thus, these dita may provide a useful comparison to the results
from the present study. Although such a comparison is made with some caution, there is
evidence that birds (pigeons; Henton, 1969) and humans (Stone, 1963) have similar

detection thresholds for at least some odorants, such as amyl acetate (Davis, 1973).

The perceived intensity of a range of odorants including, iso-amyl acetate and
eugenol, has been tested in humars (Doty er al., 1978). In this study, each human

subject was blindfolded and presentzd randomly with one of two sniff bottles containing
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either a blank (containing propylene glycol) or one of a range of single odorants. Thus,
the odorants were delivered by static olfactometry, as in Experiment 5.1, and the subjects
inhaled the odorants using their 1sual method of sniffing, rather than using blast
olfactometry in which the odorant is delivered directly to the nasal cavity (von Békésey,
1964; Prah et al., 1995). The subjects were then asked whether they could detect the
odorant and, if so, to rate the odorart's pleasantness and perceived intensity on a scale of
0-9. Furthermore, the responses of normal subjects (with the olfactory and trigeminal
nerves intact) were compared with subjects that did not have an olfactory nerve but had

a trigeminal nerve (referred to as anc smics).

Doty et al. (1978) found tha: eugenol was detected by 7% of anosmics (mean
intensity=0.13) and by 100% of nornal subjects (mean intensity=5.2), whereas iso-amyl
acetate was detected by 100% of the anosmics (mean intensity=6.67) and 100% of
normal subjects (mean intensity=6.67). A strong negative correlation was found between
the perceived intensity of the odorart and its perceived pleasantness in normal as well as
anosmic subjects. Therefore, it may be that chicks also respond to higher intensity
odorants, such as iso-amyl acetate cr allyl sulfide, as less pleasant than a lower intensity
odorant, such as eugenol. This ma explain why there was a significant increase in the
number of bouts of head shaking wten chicks were presented with odorants with higher,

rather than lower, vapour pressures.

However, Doty er al. (1978) have found that there are several physical
characteristics of an odorant, and not just one, which affect its perceived intensity by
humans. For example, there is a relatively strong (r=0.80) relationship between the
perceived intensity of an odorant when several factors are considered, such as the
molecular weight, vapour pressure and the structure of the odorant (i.e. number of
carbon atoms, double bonds, etc.), whereas no single characteristic is highly correlated
(r<0.40) with the odorants' perceived intensity. The chemoreceptive systems that
respond to the odorant, as well as the chemical characteristics of the odorant are likely to

affect the perceived intensity of that odoran: by the chick.
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There were no sex differences in sensitivity (latency to respond) to odorants, and
thus the increased level of head shaking by males, compared to females, to an unscented
stimulus in Experiment 5.2 must be due to visual cues. Several authors have suggested
that head shaking increases in response to visual cues alone. For example, the chick
shows increased levels of head shaking when placed in a feartul situation, such as a novel
environment (Jones, 1977b), or wh:n presented with a novel object (Andrew, 1975b;
Clifton and Andrew, 1981; Andrew 1988), although this is discussed in more detail in

Chapter 10.

CONCLUSIONS

One-day-old chicks demonstrate differential responses to a range of single
odorants that appear to depend, at l:ast for head shaking, on the vapour pressure of the
odorant. Males and females demon:trated similar responses to iso-amyl acetate and allyl
sulfide. They appeared to be equally sensitive to eugenol. Higher levels of head shaking
by males to eugenol, and an increated level of responding by males during the training
trials appears to reflect a general dif ‘erence in the behaviour of males and females, rather
than revealing a sex difference in the chicks' sensitivity to eugenol. Apart from the faecal
odour, chicks did not demonstrate neasurable changes in behaviour in response to the
mixed odorants. Although this dozs not necessarily indicate that they are unable to
detect these odours, it suggests that, at least at the concentrations used in these

experiments, they are not perceived 1s irritating or as fear-inducing odours.



CHAPTER 6

LATERALIZED RESPONSES TO ODORANTS

INTRODUCTION

Occluding the nares with a sriall wax plug abolishes the responses to an odorant
(see Chapter 4). Therefore, it is possible to examine lateralized responses to a range of
different odorants, by occluding cither the left or right nostril. A previous study
investigated olfactory asymmetries in the chick using such a procedure and showed a
right nostril bias in the detection of clove oil (Vallortigara and Andrew, 1994). These
researchers presented 3-day-old chicks with a small metal box containing 5 drops of
clove oil in four 10-s-trials. Chicks which had had the left nostrils occluded with a wax
plug (right nostril in use) shook th:ir heads when presented with clove oil in the first
trial, whereas those with the right nostril occluded (left nostril in use) did not shake their

heads until the second or third trial.

The same right nostril bias in response to an odorant was shown when 3-day-old
chicks were tested using an approich-avoidance paradigm (Vallortigara and Andrew,
1994). Chicks with either the left or right nostril occluded were placed in a laneway for
6 min. A scented and an unscented stimulus was positioned at either end of the laneway.
Chicks that had been reared with «n unscented cylinder and were tested with the left
nostril occluded preferentially approached the familiar unscented-cylinder rather than a
cylinder scented with 1 ml of n-amyl acetate, amyl acetate or orange oil. By contrast,
chicks tested with their right nostril occluded approached the familiar-unscented cylinder
and the unfamiliar-scented cylinder ot random. Therefore, it was decided to examine this

finding in more detail using the beadl test reported in the preceding chapters.

140
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The first experiment (6.1) to be reported here examined lateralized responses to
iso-amyl acetate and eugenol when :hicks were tested using either the right or left nostril
only. A second experiment (6.2) screened a range of single and mixed odorants for
lateralized responses. Chicks were tested in two consecutive trials with a single
concentration of odorant, with eithcr the left and then the right or the right and then the
left nostril exposed to odour. This j>rocedure enabled a direct comparison of laterality in
the same animal. A third experime 1t (6.3) examined whether there was an effect of the
order of occluding the nostrils on te chicks' responses. Also, this experiment examined

whether there was an effect of the chicks' sex on olfactory lateralization.

EXPERIMENT 6.1: CONCENTRATION-DEPENDENT RESPONSES BY CHICKS WITH
ONE NOSTRIL OCCLUDED

The aim of this experiment wes to determine whether chicks using their right or left
nostril demonstrate differential resyonses to graded concentrations of odorant. The
odorants presented were iso-amyl acetate and eugenol. These odorants were selected as
olfactory lateralizations have been found to similar volatiles in 3-day-old chicks
(Vallortigara and Andrew, 1994). Eugenol, which has an odour similar to cloves
(Gabassi and Zanuttini, 1992), was chosen to match the clove oil odorant, whereas iso-
amyl acetate was chosen to match n-amyl acetate used in the study by Vallortigara and
Andrew (1994). It was predicted ttat chicks using their right nostril would demonstrate

significantly more responses to the cdorants than chicks using their left nostril.

Methods

The olfactory test used in thi; experiment and the preparation of the odorants is
described in detail in Chapter 3 (»>age 48). Twenty-four chicks (14 males and 10
females) from two separate batches were divided randomly into two groups of 12. Ten
minutes before training each chick's left or right nostril was occluded according to the
method described in Chapter 2 (see jages 39-41). A chick with its right nostril occluded
could breathe through its left nostril and this condition is referred to as 'left nostril in use'

(LN). Conversely, the condition in which a chick has its left nostril occluded is referred
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to as 'right nostril in use' (RN). Tzn minutes after the second training trial the chicks
were tested in a series of six trials with graded concentrations of either iso-amyl acetate
or eugenol. Each chick was tested with the same nostril occluded, i.e. tested with the
LN or with the RN, in each trial. Tt e stimuli included 103, 10-2, 101, 1 and 10 pl of iso-
amyl acetate or eugenol (made up 15 10 pl in 70% ethyl alcohol). The control stimulus
contained 10 pl of the solvent. The odour concentrations were presented in a random

series.

The results reported in Chapt>rs 3 and 5 indicated that the mean (+ SEM) number
of responses, rather than the numbe - of chicks responding or the latency to respond, was
a more suitable measure with waich to describe the chicks' responses to graded
concentrations of odorant and, thus, only these data will be reported here. These data
were analysed using the non-parametric statistical procedures described in Chapter 2

(page 41).

Results

There were no significant effe::ts of occluding one of the chick's nostrils on its head
shaking or pecking responses durin3 the training trials (Table 6.1.1). Thus, there were
no lateralized effects due to the application of the wax preparation in the absence of

odour.

Figure 6.1.1 depicts the tead shaking and pecking responses to graded
concentrations of iso-amyl acetate and eugenol. There were no significant effects of
occluding either the left or right nostril on the chicks' head shaking responses to the
presentation of the various concentrations cf iso-amyl acetate (Wilcoxon-Mann-Whitney
test comparing the responses from LN and RN chicks: 1 pl: z=0.51, P=0.61; 10 pl:
z=0.59, P=0.56; Figure 6.1.1.A). Concentration-response curves for the number of head

shaking bouts were evident for chicks tested with LN (Friedman test: F=12.17, df=5,
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Table 6.1.1 Mean + SEM head shaking and pecking responses during the training
trials for chicks tested using either their left (LN) or right (RN) nostril

Number of head shiking bouts Number of pecks

Nostril in use Training trial 1 Training trial 2 Training trial 1 Training trial 2

LN (n=12) 0.33+£0.19 0.33+0.19 275+ 0.78 1.92 + 0.60
RN (n=12) 0.25+0.13 0.50+0.19 2.58 £0.93 3.17+£0.86
z 3 0.11 0.54 0.48 1.06
P 0.91 0.59 0.63 0.29

I Analysis was performed using the Wilcoxon-Mann-Whitney test.

P=0.03) or RN (F,=13.10, P=0.02), indicating that unilateral naris occlusion did not alter

a chick's sensitivity to iso-amyl acet: te (see Figure 6.1.1).

There were no significant diff 2rences between LN and RN chicks for the pecking
responses to iso-amyl acetate. The greatest difference in pecking between LN and RN
chicks shown in Figure 6.1.1.B was f{or 10! pl of iso-amyl acetate but the difference was
not significant (z=0.89, P=0.37; ccmparing the responses from LN and RN chicks).
Furthermore, it was not possible to calculate an ECsy value for the amounts of pecking
by either LN or RN chicks. Thee was a tendency for RN chicks to show varied
amounts of pecking to the various concentrations of iso-amyl acetate, with an apparent
peak in the amount of pecking to 10-1° ul of odorant (Friedman test: F=9.74, df=5,
P=0.08), whereas LN chicks deliveied a similar number of pecks to beads coupled with
each of the odorant concentrations (%,=4.21, P=0.52). Thus, the suppression of pecking
displayed by binarial chicks to the aigher concentrations of odour (cf. Figure 3.3.1 in

Experiment 3.3) appeared to be prev:nted by the unilateral naris occlusion.
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Figure 6.1.1 Lateralization for responding to iso-amyl acetate and eugenol. This
figure shows the mean (+ SEM) nu nber of Lead shaking bouts (A and C) and the mean (+
SEM) number of pecks (B and D) by chicks presented with graded concentrations of iso-
amyl acetate (A and B) or eugencl (C and D) with one nostril occluded. The odorants
were presented to separate groups Of chicks with either the left (O: LN) or right (®: RN)
nostril in use. Means annotated w:th an asterisk indicate a significant effect of the nostril
used at test (Wilcoxon-Mann-Whitney test: °<0.05; n=6 chicks per group).
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There was a significant effect >f the unilateral naris occlusion on the head shaking
response of chicks presented with eugenol. From Figure 6.1.1.C it can be seen that RN
chicks shook their heads significantly more than LN chicks at the highest concentration
(10 pl) of eugenol (Wilcoxon-Mann-Whitney test: z=2.40, P=0.016). The number of
bouts of head shaking by RN chicks presented with 10 pl of eugenol was also
significantly higher than to the control stimulus (z=2.02, P=0.04). This contrasts with
the responses of LN chicks. Chicks using the LN shook their heads at a similar level
across all concentrations of odour, including the O pl concentration. The number of
bouts of head shaking did not differ significantly between LN and RN chicks following
the presentation of the lower concer trations of eugenol. As there was no maximum for
the head shaking response of LN and RN chicks, ECs, values could not be determined.
However, a similar result was found for RN but not LN chicks to that reported in
Experiment 3.3 (see pages 76-79). Figure 6.1.1.D shows that RN chicks showed a
tendency to peck at a higher level, overall, than LN chicks (z=1.94, P=0.053; comparison
of the total number of pecks made across all trials). Despite this, there did not appear to
be any differences between the pzacking responses of LN and RN chicks to the

presentation of each concentration 01" eugenol.

Discussion

There was no lateralization of responses to any of the concentrations of iso-amyl
acetate as indicated by pecking or hcad shaking. The absence of asymmeltry in response
to iso-amyl acetate found in the presznt experiment is not consistent with the findings of
Vallortigara and Andrew (1994). Ir their study, RN chicks avoided a stimulus scented
with n-amyl acetate and approachec a familiar unscented stimulus, whereas LN chicks
did not show a preference for eitter a familiar-unscented stimulus or one that was

scented with n-amyl acetate.

RN chicks shook their heads significantly more than those using their left nostril
following the presentation of 10 pl of eugenol. Taken together with the results reported
in Chapters 3 and 5, this result suggzsts that the left nostril may not contribute to head

shaking when chicks are tested binarially with eugenol, indicating a right nostril (and



CHAPTER 6: L, TERALIZED RESPONSES TO ODORANTS 146

presumably a right hemisphere, see Chapter 1, page 21) dominance for perceiving or
responding to this odorant. These findings are consistent with those of Vallortigara and
Andrew (1994), who demonstrated that RN chicks preferentially approach a familiar-
scented stimulus (either unscented o - scented with clove oil; see Chapter 1, page 8-10) in
a laneway test, whereas LN chicks ipproach either a familiar- or an unfamiliar- scented

stimulus at random.

The different paradigm in which the chicks were tested here may preclude a direct
comparison between the present findings and those obtained from chicks tested using an
approach-avoidance paradigm. Hovwever, Vallortigara and Andrew (1994) also found a
right nostril advantage when chicks were presented with a hexagonal box at which they
could peck. When the box was scented with clove oil and presented on day 3 post-
hatching, RN chicks shook their heads more than LN chicks on the first trial.
Unfortunately, data were not reported for the presentation of n-amyl acetate using this
test and thus a more direct compar son to the results of the present study is limited to

eugenol.

Although the present results for iso-amyl acetate seem to be at odds with the
approach-avoidance experiments of Vallortigara and Andrew (1994), there are several
possible explanations for the presen: findings. Shifts in hemispheric control of response
to visual stimuli have been described in detail after day 4 post-hatching (Andrew, 1991)
and they are most evident on days ¢ and 1] (Workman and Andrew, 1989). However,
as chicks show a RN bias in response to eugenol on both day 1 (see Figure 6.1.1) and
day 3 (Vallortigara and Andrew, 1994), it seems unlikely that the absence of a lateralized
responses to iso-amyl acetate on day 1 (as found here) and emergence of lateralization

on day 3 (Vallortigara and Andrew, 1994) is due to shifting hemispheric control.

Alternatively, the presence or absence of a lateralized response may depend on the
relative involvement of the olfactory and trigeminal systems in response to an odorant, as
these two systems have differential projections to the forebrain hemispheres (Figure

6.1.2). Although it was not possib.e to exclude trigeminal involvement in Vallortigara



CHAPTER 6: L\TERALIZEL: RESPONSES TO ODORANTS 147

and Andrew's (1994) study, they sug.gested that the olfactory system was more important
in the detection of the odours used in their study. The primary afferent projections of the
olfactory nerve in the chick are :0 the ipsilateral hemispheres (although there are
secondary crossover projections in the olfactory system; see Chapter 1, pages 16-19),
whereas the trigeminal nerve projecis to both the contralateral and ipsilateral hemisphere
(Zeigler and Karten, 1973). If the region(s) that control head shaking behaviour are
situated with in the right hemisph:re, unilateral stimulation of olfactory, rather than
trigeminal, receptors is likely to facilitate lateralized responses to odours by stimulating

the right, but not the left, nostril.

As mentioned previously (Chapter 5), the relative contribution of olfactory and
trigeminal stimulation to the perceiv 2d intensity of a range of odorants including iso-amyl
acetate and eugenol has been testec. in humans (Doty et al., 1978). Such studies have
shown that humans perceive eugenol as a relatively pure olfactory stimulant, whereas
iso-amyl acetate is likely to stimulat: trigeminal as well as olfactory receptors. Although
there has been no such exhaustive s .udy performed on birds, high concentrations of iso-
amyl acetate (10% of vapour satura'ion) have been found to stimulate trigeminal, as well
as olfactory, receptors in pigeons (Elenton et al., 1969; Walker et al., 1979). Thus, it is
possible that, at the concentrations used in the current study, the absence of lateralization
to iso-amyl acetate occurred because this odorant stimulated both olfactory and
trigeminal receptors at the concentr: tions used (see Figure 6.1.2). By contrast, it may be
that responses to eugenol were lateralized because this odorant stimulated the olfactory
receptors only (see also Figure 6.1.2). The lateralization displayed by chicks in response
to n-amyl acetate in Vallortigara and Andrew's study may, therefore, have been due to a
lower concentration of odorant in the air surrounding the testing stimulus, such that it
did not stimulate the free endings « f the trigeminal nerve. However, the absence of a

concentration effect in the present ex:;periment tends to argue against this explanation.
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Figure 6.1.2 Diagrammatic repr:sentation of the projections of the olfactory (A) and
trigeminal (B) systems. The primary connections of the olfactory system are to the
ipsilateral hemisphere, whereas he trigeminal nerve projects to the ipsilateral and
contralateral hemispheres. If the region(s) responsible for the head shaking response
(indicated by HS) are situated witiin the right hemisphere, chicks with the right nostril
occluded would not shake their heads in response to being presented with an odour. By
contrast, exposing the right nostr.l (top right) to an odour would evoke the response.
Odorants that stimulate the trigen.inal system are processed by both hemispheres and if
there is a right hemisphere control for head shaking (as indicated), a response will be
evoked if the left (bottom left) or d ¢ right (bottom right) nostril is stimulated.
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EXPERIMENT 6.2: LATERALIZED RESPONSES TO VARIOUS SINGLE ODORANTS

This experiment investigated whether chicks showed lateralized responses to a
range of single and mixed odorants, as it is possible that the presence or absence of such
lateralization may depend on the odorant used. The chicks were tested with either their
left or right nostril occluded in one rial, followed by a second trial in which the opposite
nostril was occluded and the same concentration of odorant was presented. This enabled

a more direct comparison of respon.;es by the LN and RN to a range of odorants.

Methods

Eighty-eight chicks, which bhad also been used in the experiments reported in
Chapter 5, were used in this experment. The olfactory test used in this experiment is
described in detail in Chapter 2 (pages 37). Ten minutes after each chick had been tested
with differing concentrations (0, 1, 10 and 100 pl) of one odorant (Chapter 5), they had
one or other nostril temporarily occluded with a wax preparation, as described in
Chapter 2 (pages 39-41). The chicks were returned to their home-cage for
approximately 10 min after the wax had becn applied. Half of the chicks had their right
nostril occluded (LN) and the rem aining chicks had their left nostril occluded (RN).
Chicks that had previously been pre¢sented (detailed in Chapter 5) with a single odorant
(static olfactometry) were presentec with 10 pl of the same odorant. While it is possible
that this prior exposure with the ocorant affected the chicks responses when they were
tested using one nostril only, this :eems unlikely as prior binarial exposure with some
odorants (clove oil; Vallortigara ¢nd Andrew, 1994) does not affect the lateralized

responses shown by chicks which h:ve been tested in a laneway at 3 days of age.

Chicks that had been presented with the mixed odours of mash, feathers, wood
litter or blood (dynamic olfactometry) did not demonstrate responses which were
significantly different to unscented ¢ timuli (see Chapter 5). Therefore, these odours were
not used in this experiment. However, chicks responded to the presentation of the faecal
odour and, therefore, this odour was included in the present experiment. The chicks

presented previously with the faecal odour were tested with a 1:10 dilution of that



CHAPTER 6: L.\TERALIZEL RESPONSES TO ODORANTS 150

odour. Also, those chicks which were tested with unscented stimuli (clean air) were
tested with clean air and the left :nd then right, or visa versa, nostril occluded as a
control group. Odour presentation v/as coupled with the presentation of a shiny, metallic

coloured (chrome) bead on each trial (see Figure 2.3, page 29).

The wax preparation used to « cclude the nostrils was removed approximately 120-
s after the first trial. The results reported in Chapter 4 indicated that applying and then
removing the wax preparation did not affect the chicks' responses. Thus, 10 min after
the first trial, the test was repeated with the same odour, at the same concentration, but

with the other nostril occluded.

The data for the groups of chicks tested with each of the odorants (n=8) was
pooled over the two trials and comparisons were made for the nostril used (either LN or
RN) during each trial with a Wilcoxon signed ranks test. The data were not further
analysed according to the order th:t the chicks' nostrils were occluded (LN or RN on
first trial) owing to the reduced sample sizes to n=4. A Kruskal-Wallis test was used to
compare the chicks' responses wher they were tested as either LN or RN to the single
odorants. However, the effect of the order of presentation (LN or RN on first trial) is

examined in Experiment 6.3.

Results

Chicks showed lateralized responses to only two of the odorants, eugenol and allyl
sulfide. The head shaking and pecling responses obtained from chicks presented with
the single odorants are shown in Figure €.2.1. Chicks that were presented with the
odour of eugenol shook their heads significantly more when they were using their RN,

compared to their LN (z=2.37, P=0.)18), repeating the results of Experiment 6.1.

Chicks that were presented with the odour of allyl sulfide demonstrated
significantly lower amounts of peckiag when they were using their RN compared to their
LN (z=2.20, P=0.028). No other significant lateralizations were found for head shaking

(z<1.36, P>0.17) or pecking (z<1.4¢, P>0.14) with these single odorants.
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Figure 6.2.1 Lateralized resporses to a number of single odorants. This figure
presents the mean (x SEM) heac shaking (A) and pecking (B) responses of chicks
presented with a range of single odorants with either their left or right nostril occluded.
The order that each of the chick's nostrils was occluded was completely randomised. The
data are presented for chicks using their left (LN: O) or right nostril (RN: W), Means
annotated with an asterisk showed significant differences between LN and RN for that
odorant P< 0.05, Wilcoxon signed ranks test. n=8 chicks per odour.
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When the chicks' responses were compared across odorants there was a significant
effect of the nostril used during the test. The number of bouts of head shaking displayed
by chicks using their left nostrils was affected significantly by the odorant (LN: df=7,
n=64, KW=21.99, P=0.0025), wher:as therz was no overall affect of the odorant when
they were using their right nostrils (RN: KW=4.69, P=0.70). By contrast, there was an
overall effect of the odorant on the level of pecking by RN but not LN chicks (LN:
KW=6.23, P=0.51; RN: KW=15.00, P=0.04).

The odorants used had differiag vapcur pressures and, as reported in Chapter S,
this affected the head shaking response. Thus, responses were grouped according to the
vapour pressure of the odorants anc compared against each other. As in Chapter 5 the
odorants were grouped into those with a low vapour pressure (<1 mm Hg; including
methyl anthranilate, eugenol and geraniol) and those with a high vapour pressure (>1 mm
Hg; including iso-amyl acetate, cincole, limonene and allyl sulfide). For this analysis,
chicks tested with unscented stimili or stimuli that contained ammonia (the vapour

pressure for a 29% solution was not known) were not included.

There was a significant effect of the odorants' vapour pressure when chicks were
tested using their left nostril (Wilccxon-Mann-Whitney test; LN: z=3.79, P=0.002) but
not when they were using their right nostril (RN: z=0.25, P=0.80; see Figure 6.2.2).
There was no effect of exposure to odorants with low or high vapour pressures on the
pecking responses (LN: z=0.73, P=( .47, RN\: z=1.16, P=0.25). Thus, these data suggest
that, at least for head shaking, ch cks using the left nostril respond to the different
characteristics of an odorant (vapo ir pressure), whereas chicks using the right nostril

shake their heads in the presence of in odorant, irrespective of its vapour pressure.

There were no significant lat:ralizations for either the head shaking or pecking
responses to the presentation of the faecal cdour (Figure 6.2.3). Chicks displayed more
bouts of head shaking to the preser tation of faeces than to unscented stimuli. Despite

the absence of lateralization, chicks preseated with unscented stimuli using dynamic
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Figure 6.2.2 Relationship between the vapour pressure of the odorants and the
chicks' responses. This figure jresents the mean (+ SEM) number of bouts of head
shaking (A) and the mean (+ SEM) number of pecks (B). The chicks were tested with one
nostril occluded so that they were using either their left (LN: 0) or right (RN: B) nostril.
The data for each group of chicks v/ere pooled for those tested with odorants having either
a low (n=24) or a high (n=32) vapour pressure (see text for allocation of each odorant).
There was a significant difference between the number of head shaking bouts following
the presentation of odorants with a high or low vapour pressure for LN chicks only,
* P<0.05. There was no effect «f the vapour pressure of the odorant on the pecking
response.
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—

Unscented Iaec. s Unscented Faeces
Figure 6.2.3 Absence of lateralized responses using dynamic olfactometry. This
figurc presents the mean (£ SEM) | ead shaking (A) and pecking (B) responses of chicks

presented with the faccal odour or stimuli that was unscented (clean air) and tested using
cither their left (&) or right (B) nos ril only. Data arc presented as in Figure 6.2.1.

olfactometry pecked significantly fawer times than those presented with unscented
stimull using static olfactometry (\Wilcoxon-Mann-Whitney test: z=2.32, P=0.02, see
Figure 6.2.1 for comparison). The¢ number of head shaking bouts was the same for
chicks tested with unscented stimili presented using static or dynamic olfactometry
(z=0.18, P=0.86). Thus, it appears that air flowing through the sample cup at 250 ml

min! suppressed pecking, in chicks tzsted with one nostril occluded.

Discussion

The main finding of this exojeriment is that, chicks did not show lateralized
responses to most of the odorants ised. Despite this, the results for head shaking to
eugenol repeated the findings of E (periment 6.1: A lateralization was found for head
shaking, suggesting that this result vvas not due to chance. Lateralization was found for
pecking following the presentation >f allyl sulfide. Chicks using their LN appeared to
respond differentially, depending on the vapour pressure of the odorant, whereas the RN
was not sensitive to changes in the odorant's vapour pressure. It may be that the left

nostril is less sensitive to most odor: nts then the right nostril.



CHAPTER 6: [LA "ERALIZED RESPONSES TO ODORANTS 155

The differential laterality to the odorants used in this experiment may be related to
lateralizations in peripheral or centra structures. Numerous factors are thought to affect
the degree of lateralization in respoase to odorants by humans, such as nasal patency
(Youngentob et al., 1982; Gilbert a1d Rosenwasser, 1987; see Chapter 1), handedness
(Youngentob et al., 1982), gender (Gilbert et al., 1989) and the odorant used (Schneider
and Schmidt, 1967; Bellas er al., 1¢89). However, Zatorre and Jones-Gotman (1990)
demonstrated, that lateralization for discrimination of odours was not affected by the
human subject's sex or handedness. nor by differences in sensitivity between the two
nostrils. Also, a recent study repor:ed similar detection thresholds to amyl acetate for
the left and right nostrils of humans (Shimomura and Motokizawa, 1995). Thus, it
appears unlikely that there is differetial sensitivity between the two nostrils in humans.
While comparisons between humans and chicks can be made in general terms only, the
evidence available for chicks also indicates that there is unlikely to be differential
sensitivity between the two nostrils. Nef er al. (1996) have shown that there is a

symmetrical distribution of olfactory receptors in the nasal cavity of the chick.

Moreover, as there is no evidence suggesting left-right differences in the structure
of the nasal cavity (Bang, 1971), latcralized responses to odorants are unlikely to be due
to asymmetry of peripheral structurcs. The presence or absence of lateralized responses
may be odorant specific and may al:o depend on lateralized connections of the olfactory

system. This is discussed later (see ¢3eneral Discussion, page 168).

EXPERIMENT 6.3: LATERALIZED RESPONSES TO ODORANTS BY MALE AND
FEMALE CHICKS
The results from Experiment 5.2 suggested that there were no sex differences in
the chick's sensitivity (latency to respond) to iso-amyl acetate, allyl sulfide or eugenol.
To my knowledge there have been no reports of sex differences in the chick's behaviour
following the presentation of an ocour. However, a recent study (Fluck er al., 1996)
suggests that male and female chicl:s show differential neurochemical activity following

exposure to a cat odour. At 7 days of age male and female chicks showed avoidance of
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an odourised cloth that had been pireviously rubbed against a laboratory cat but males
showed significantly higher levels ¢f 5-hydroxytryptamine uptake in the archistriatum
than females. Given that males and ‘emales show differential levels of fear (Andrew and
Brennan, 1984) and that lesions of the left or the right archistriatum using kainic acid
(Phillips and Youngren, 1986) resilt in literalized effects on fear behaviours, it is
possible that there may be behavioural, as well as neurochemical, differences between

male and female chicks in response 10 a unilateral presentation of odour.

This experiment also examinec whether the order in which the chicks' nostrils were
occluded altered their responses. That is, chicks may show differential transfer of
olfactory information from left to right or right to left nostril. However, there are
conflicting reports as to the speci’ic pathways that might be involved in the inter-
hemispheric transfer of olfactory informaticn in birds (Rieke and Wenzel, 1978; Reiner
and Karten, 1985). For example, Fca er al. (1986) have found that homing pigeons with
sectioned anterior commissures arc unable to transfer olfactory cues, involved with
homing, between nostrils. By contrist, Gagliardo and Teyssedre (1988) found that birds
with the anterior commissure cut and habituated monolaterally to amyl acetate were still
habituated to that odour when it was presented contralaterally. It has been suggested
that different brain regions are involved in different forms of olfactory memory
depending on complexity of the 1aemory (Gagliardo and Teyssedre, 1988) but this

remains to be confirmed.

Methods

Forty-seven male and forty-nine female chicks from six separate batches were used
in this experiment. Each chicl. had been tested repeatedly with the various
concentrations (0, 1, 10 and 100 pl) of either iso-amyl acetate, eugenol or allyl sulfide;
these data are reported in Experime it 5.2. Thus, the chicks had already been tested with

odorant with both nostrils open.

Ten minutes after each chick 1ad been tested with differing concentrations of each

odorant, presented in random order. chicks had one or other nostril temporarily occluded
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with a wax preparation as described in Chapter 2 (pages 39-41). The chicks were then
tested with the LN and then the RM or with the RN and then the LN, as in Experiment
6.2.

The data were first analysed t> determine whether there was a significant affect of
transfer between the two unilatera. trials. For this analysis, a comparison was made
between the two LN conditions (tes .ed in the first or second trial) as well as between the
two RN conditions with Wilcoxon-Mann-Whitney tests. If there were no significant
differences between trials (i.e. there was no transfer), the data for LN or RN were pooled

across the two trials.

Once the effect of transfer on the unilateral trials had been determined, the data
were analysed to determine the effcct of the odorant and the nostril in use. The head
shaking and pecking scores obtained when chicks were presented binarially (BN) with 0
or 10 pl of odorant were analysed (from Chapter 5), together with the chicks' responses
when they were tested as LN or RN, were compared using the Friedman test. If this test
indicated that there was significant heterogeneity, post hoc Wilcoxon signed ranks tests,
were used to determine the source « f such differences. The conditions used during each
trial in which the chicks were testec binarially are abbreviated to indicate the volume of
odorant used at test, such that chic<s tested binarially with O pl of odorant (unscented)
are referred to as BN(), whereas thoe tested binarially with 10 pl of odorant are referred

to as BNIO'

Results

Wilcoxon-Mann-Whitney test: revealed that there was significant transfer between
hemispheres for males tested with allyl sulfide as there was a significant difference
between the number of pecks made by LN chicks in the first trial and those tested using
the RN in the second trial (see Tab.e 6.3.1 for statistical values). The number of head
shaking bouts displayed by males presented with allyl sulfide and tested with the RN also

depended on the order of testing. Tiere was also a tendency for the head shaking scores
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Table 6.3.1 Results of the Wil :oxon-Mann-Whitney test examining the effect of
transfer by testing chicks as LN and then RN, or RN and then LN

Nostsil in Head shaking Pecking
Odorant use Z p z P
Males
Eugenol LN 0.91 0.36 0.44 0.66
RN 1.28 0.20 0.33 074
iso-Amyl acetate LN 0.87 0.80 0.00 1.00
RN 0.74 0.46 0.53 0.60
Allyl sulfide LN 0.63 0.53 2.85 0.004 *
RN 2.02 0.04 * 047 0.64
Females
Eugenol LN 1.64 0.10 0.60 0.55
RN 0.23 0.82 0.49 0.62
iso-Amyl acetate LN C.45 0.65 0.73 0.46
RN C.65 0.52 0.67 0.62
Allyl sulfide LN 1.68 0.09 1 1.20 0.23
RN 1.05 0.29 1.31 0.19

The statistical values tabulated abo e compared the responses of chicks tested with the LN
or the RN between the first and sccond unilateral trial. Annotated means indicate that
there was a significant difference bctween trials, T 0.10>P>0.05, * P<0.05.

obtained from females presented wvith allyl sulfide and tested with the LN to differ
depending on the order of unilateral naris occlusion. Thus, the responses from male and
female chicks tested with allyl sulfice were analysed separately according to those tested
as LN and then RN or RN and thzn LN. There was no significant transfer between
unilateral trials for the head shaking or pecking responses by chicks tested with eugenol
or iso-amyl acetate. Thus, the data for chicks tested with the latter two odorants were

pooled across the two unilateral tria s.

Analysis of the head shaking and pecking scores obtained from chicks tested as
BNy, BNy, LN and then RN (symbols defined above) with eugenol or iso-amyl acetate

are presented in Table 6.3.2. Also included in the table are the results from the statistical
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Table 6.3.2 Values of the Frielman test statistic (F,) examining the effects of
unilateral naris occlusion on the head shaking and pecking responses of male and
female chicks

Head shaking Pecking
n Odorant F, P F, P
Males
16  Eugenol 10.93 001 * 3.88 0.27
15  iso-Amyl acetate 26.06 0.0001* 9.78 0.02 *
7 Allyl sulfide: LN-RN 11.44 0.01 * 12.90 0.005 *
9  Allyl sulfide: RN-LN 10.47 0.015 * 11.97 0.008 *
Females
16  Eugenol 932 0.03 * 1.58 0.67
17  iso-Amyl acetate 16.20 0.001 * 8.59 0.04 *
Allyl sulfide: LN-RN 16.83 0.001 * 13.13 0.004 *
7 Allyl sulfide: RN-LN 16.24 0.001 * 9.00 0.03 *

The values tabulated above were obtained from separate analyses performed for each
‘odour’ group using the Friedman test. The symbols following the F, statistic indicate the
level of significance, * P<0.05. For each chick, the head shaking and pecking scores from
four trials were included in the anal /sis. The data were obtained from chicks tested as BN
with 0 and 10 pl of odorant (previcusly reperted in Experiment 5.2) and the same chicks
tested as LN and then RN or RN an1 then LN, each time with 10 pl of odorant.

analysis examining the scores obtain:d from chicks presented with allyl sulfide and tested
with the LN and then the RN or with the RN and then the LN. There was a significant
effect of all of the odorants on the head shaking responses by male and female chicks.
There was no significant effect of eugenol on the chicks pecking scores but there was a
significant effect of odorant on the jecking responses of male and female chicks tested

with iso-amyl acetate or allyl sulfide.

Female chicks showed a right nostril bias for head shaking to eugenol despite
having had prior exposure to the ddorant (z=2.04, P=0.04; see Figure 6.3.1.B). A
comparison between the same chicls tested with opposite nostrils occluded (i.e. those

tested as LN then RN or RN then 1.N) revealed that there was significant lateralization
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Figure 6.3.1 Lateralized respons:s to eugenol. This figure presents the mean (+ SEM)
head shaking (A and B) and pecking (C and D) responses of male (A and C) and female
(B and D) chicks tested using both 10strils (i2: BN), or their left ((: LN) or right (l: RN)
nostril only. The responses of chicks tested as BN with 0 and 10 pl of odorant are taken
from Experiment 5.2 and are included in the figure for comparison. Chicks tested using
the LN or RN were presented witk 10 pl of odorant. Note that females show an overall
RN bias for head shaking, whereas this is less apparent for males (P=0.07). Comparisons
were made, between the same chicks tested as BN, LN and RN, using Wilcoxon signed
ranks tests. Means with the same letter were not significantly different, whereas means
with different letters differed signif cantly (#<0.05).
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for head shaking if they were tested as LN and then RN (z=2.02, P=0.04) or as RN and
then LN (z=1.89, P=0.06). Thus, ft males showed an overall right nostril bias, for head

shaking responses to eugenol.

Males showed a tendency for :. right nostril bias for head shaking (z=1.83, P=0.07;
see Figure 6.3.1.A). For these chicks, there was no significant difference between BNy
and RN for head shaking (z=1.43, ,>=0.15) but the comparison between BNy and LN
was significant (z=2.40, P=0.02). They displayed more bouts of head shaking when
tested as LN or RN compared to BNy (LN: z=1.89, P=0.06; RN: z=2.34, P=0.02).
Males demonstrated a tendency to shake their heads more than females when presented
with 10 pl of eugenol and tested birarially (z=1.78, P=0.07). There appeared to be an
additive effect for head shaking, between LN and RN, by males but not females. As
expected from previous experiment;, there were no significant differences between the
number of pecks at beads which we e unscented or presented together with eugenol for
chicks tested as BN, LN or RN (see Table 6.3.2 for statistical values; Figures 6.3.1.C
and D).

Male and female chicks demo istrated a significant increase in the number of head
shaking bouts and a significant suppression in the number of pecks following the
presentation of iso-amyl acetate (sec Figure 6.3.2) but neither of these groups showed a
significant lateralization for responcing to iso-amyl acetate. There were no significant
differences between the number of pecks by chicks tested using BN, LN or RN when
they were presented with the odorant (z<1.15, P>0.25 for each comparison). However,
the chicks shook their heads significantly fewer times when they were presented with the
odorant unilaterally rather than binarially (z>2.07, P<0.04 for each comparison). Thus,
although there was no significant lat 2ralization in response to iso-amyl acetate, there was

a significant effect of the unilateral r aris occlusion on head shaking but not pecking.

The head shaking and pecking scores from chicks presented with allyl sulfide and

tested with the LN and then the RN are presented in Figure 6.3.3. Males showed a
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Figure 6.3.2 Lateralized responszs to iso-amyl acetate. This figure presents the mean
(x SEM) head shaking (A and B) and pecking (C and D) responses of male (A and C) and
female (B and D) chicks tested u:ing both nostrils (&), or their left (3) or right (M)
nostril only. The data are presented as in Figure 6.3.1.
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Figure 6.3.3 Lateralized responses to allyl sulfide presented as LN then RN. This
figure presents the mean (+ SEM) head shaking (A and B) and pecking (C and D)
responses of male (A and C) and fimale (B and D) chicks tested using both nostrils (E3),
or their left (1) or right (M) nostril only.
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significant lateralization for pecking (comparison between LN and RN: z=2.20, P=0.03;
Figure 6.3.3.C). There was no signif cant differences between the number of pecks when
BNy and LN (z=0.52, P=0.60), or BNy and RN (z=0.63, P=0.53) were compared.
Thus, LN males did not show a suporessior of pecking to allyl sulfide in the first trial.
The lateralization found for peckiny is likely to reflect a right nostril bias as chicks

showed similar amounts of pecking \vhen tested using the RN or the BNy,

Males demonstrated an intermediate level of head shaking when tested unilaterally
and presented with allyl sulfide con pared to their responses when tested with BN, or
BNy (see Figure 6.3.3.A). Although there was no significant lateralization by males for
head shaking to allyl sulfide (z=0.67, P=0.50), the number of head shaking bouts
displayed by chicks tested with the LN was significantly greater than the response to
BN (z=2.00, P=0.04), whereas therc was no significant difference between RN and BN
(z=1.48, P=0.14).

The head shaking scores for {2males were clearer than those found for males, as
they demonstrated significantly mor: bouts of head shaking when they were presented
with allyl sulfide, compared to unscented stimuli, irrespective of which nostril was used
at test (z>2.52, P<0.01 for each coriparison). There was no laterality in the amount of
head shaking (comparison between I.N and RN: head shaking: z=0.67, P=0.50; pecking:
z=0.70, P=0.48). Indeed, presenting a bead scented with allyl sulfide, compared to
unscented stimuli, suppressed peckir g and evoked head shaking to the same extent when

females were tested binarially or unilaterally (see Figures 6.3.3.B and D).

The results obtained from chicks presented with allyl sulfide and tested with the
RN first and then the LN are shown in Figure 6.3.4. In contrast to the results presented
in Figure 6.3.3, males did not show a significant lateralization for pecking (comparison
between LN and RN: z=1.18, P=0.24; Figure 6.3.4.C). Furthermore, testing males

unilaterally resulted in fewer pecks at a bead scented with allyl sulfide when the
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Figure 6.3.4 Lateralized responies to allyl sulfide presented as RN then LN. This
figure presents the mean (+ SEM) hiead shaking (upper panels) and pecking (lower panels)
responses of male (left panels) and female (right panels) chicks tested using both nostrils
(B3), or their left () or right (M) nostril only.
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responses of BNy and RN (z=1.99, P=0.04), or BNy and LN (z=2.19, P=0.03) were
compared. However, males shook their heads more when tested with the RN than with
the LN following the presentation of ally! sulfide (z=2.10, P=0.04; Figure 6.3.4.A).
Thus, a lateralized response was found for head shaking and not pecking when males

were tested with the RN and then th: LN.

There was an increase in the n imber cf bouts of head shaking and a suppression of
pecking by females presented with allyl sulfide and tested unilaterally, when compared
with their responses to the presentation of an unscented bead (Figures 6.3.4.B and D).
However, no lateralizations were found for head shaking (z=0.73, P=0.46) or pecking
(z=0.27, P=0.79) by females presentzd with this odorant.

Discussion

There was no effect of testing chicks with the LN first and then the RN or with the
RN and then the LN for eugenol or iso-amyl acetate. Thus, for these odorants there is
apparently no transfer of informat on between nostrils. The results found for head
shaking to eugenol in this experime 1t repeated the findings of Experiments 6.1 and 6.2.
However, although males did not show significant lateralization for head shaking in
response to this odorant, they did show a tendency for a right nostril bias. Despite an
absence of lateralization in respons¢ to iso-amyl acetate, which also repeats the findings
of Experiments 6.1 and 6.2, these results indicate that unilateral naris occlusion
suppresses head shaking but has no >ffect on pecking compared to BN chicks. However,
presenting chicks with eugenol or i'o-amyl acetate binarially and then testing them with
one or other nostril occluded did rot appear to effect the lateralized responses to any

great extent.

There was a significant effect of the order of nostril occlusion for males presented
with allyl sulfide. Lateralization wa; found for pecking but not head shaking when males
were presented with allyl sulfide ¢nd testzd with the LN and then the RN, whereas
lateralization was found for head slaking tut not pecking when males were tested with

the RN and then the LN. The RN males showed low levels of pecking irrespective of
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which nostril was occluded first, whereas LN males showed higher levels of pecking
when tested in the first trial compared to those tested using the LN in the second trial.
That is, LN chicks tested in the first trial respond the same as BN(). It may be that access

to the memory for allyl sulfide depends on which nostril is first exposed to the odorant.

The increased level of pecking by LN males immediately following binarial
exposure to allyl sulfide may be due to a region(s) within the left hemisphere which
stimulates pecking. This explanation seems likely as chicks, which have sectioned tectal
and posterior commissures, show increased levels of pecking following repeated
presentations of a coloured bead if they use the right eye (and with direct access to the
left hemisphere), whereas chicks usiag the left eye (right hemisphere) show suppressed
levels of pecking (Parsons and Rogers, 1993). Although these differences may be due to
the transfer of olfactory memory bctween hemispheres it is not possible to reach this
conclusion based on the experiment.l desiga reported here. To test this hypothesis, it
would be necessary to compare the present results with the responses of chicks tested
with the same nostril occluded in bcth unilateral trials. However, it is possible that the
present result reflects differential ue of a bilaterally stored memory according to the

nostril used at test.

The likely explanation for this finding may be due to the way in which the chick
interprets and learns about the odour. For example, Vallortigara and Andrew (1994)
found that chicks with previous bijarial exposure to a familiar stimulus scented with
clove oil approach that stimulus when tested using the right but not the left nostril when
they are tested in a laneway at 3 cays of age. By contrast, Gagliardo and Teyssedre
(1988) have shown that pigeons which have been habituated to amyl acetate using one
nostril, are still habituated to that odour when it is presented to the contralateral nostril
(these authors did not indicate when the left or right nostril was used), despite the tact
that these birds had had the anterior commissure sectioned. Thus, in the former study,
the memory for an odour associaied with an object with which the chick has been

imprinted may be stored in a latera ized way, such that the right but not the left nostril
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has direct access to this memory. Alternatively, there may be differential access of a

bilaterally stored memory by the left : nd right nostril.

GENERAL DISCUSSION

A concentration-dependent late ralizaticn in head shaking was found to eugenol and
a lateralization for the amount of pecking was found to allyl sulfide. However, the
results from Experiment 6.3, suggest that such lateralizations were, to some extent, sex-
dependent although there were no consistent sex differences across measures; females
demonstrated a lateralized head shaking response to eugenol, whereas males showed

lateralized pecking responses to allyl sulfide.

There was no lateralization found for iso-amyl acetate in each of the three separate
experiments which were reported in this chapter. Nor were there lateralizations in
responding to methyl anthranilate, amymonia, geraniol, cineole, limonene and the odour of
taeces. However, a right nostril bias for the head shaking response to eugenol was found
in each of the experiments. The fiial experiment suggests that this lateralization was
greater in females than males. Alttough the present results do not support the notion
that 1-day-old chicks demonstrate a right nostril (and thus right hemisphere) advantage
for the perception of all odorants. there are several possible explanations for these

findings which are addressed below.

The principle olfactory projections are to the ipsilateral hemisphere, and it is
possible that the region(s) responsible for evoking head shaking are within this
hemisphere. Therefore, based on the findings of Vallortigara and Andrew (1994) the
initial hypothesis proposed in this ct apter was that LN birds would not shake their heads
following the presentation of any of the odorants. However, this was not the case.
Therefore, laterality in response to odorants may also rely on the relative involvement of
olfactory and trigeminal receptors, which was discussed in Experiment 6.1. However,
comparative evidence for this, from human studies, appears to be conflicting. For
example, humans are able to localise an odorant source to the left or right side of the

nose only if the odorant has trigeminal stimulating properties, such as ammonia, whereas
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there 1s an inability to localise odorar ts with principally olfactory stimulating properties,
such as coffee (Schneider and Schmidt, 1957). It is unlikely that this result was an
artifact due to the testing procedure as similar results have been obtained in separate
studies (Kobal er al., 1989). Schneider and Schmidt (1967) suggested that the absence
of laterality to the "pure" odours 1s due to interhemispheric connections within the
olfactory system, whereas the laterali'y in response to the trigeminal stimulants may have
been due to the contralateral projec ions within the somatosensory system. Thus, the
ability to localise an odorant, at lea:t in hwnans, relies on the odorant stimulating the
trigeminal nerve, contrasting with the model for lateralized responses presented in Figure
6.3.2. While it has been suggested that odorants which stimulate solely olfactory
receptors exist (reviewed by Tucker. 1971), it appears that virtually all odorants have a
trigeminal component (Doty er al., 978). [t seems that a continuum exists with some
odorants having a relatively low trigeminal activity, such as eugenol, with others having
high trigeminal activity, such as iso-umyl acetate (Doty et al., 1978; see also Chapter 5,
page 138). Therefore, it is possible that lateralization depends more on the brain
region(s) which receive input from the trigeminal and olfactory systems, rather than

whether trigeminal or olfactory receptors are stimulated by odorants per se.

The primary connections of the olfactory system of many mammals and birds are to
the ipsilateral hemisphere (Eslinger et al., 1982). Thus, the absence of direct
contralateral projections within the olfactory system is used to explain why lateralized
responses to odours have been obtained in chicks (Vallortigara and Andrew, 1994), rats
(Heine and Galaburda, 1986) and humans (Zatorre and Jones-Gotman, 1990). There
have been few investigations into the central connections of the chicks' trigeminal system,
although the peripheral branches of this nerve have been described (Breazile and Yasuda,
1979). In the pigeon, however, the principal trigeminal nucleus, which receives sensory
input from the various branches of the trigeminal nerve, projects monosynaptically and
bilaterally to the telencephalon (nucleus basalis, see Chapter 1, pages 19-21), bypassing
the thalamus (Yasuda, 1983). Thus, the chemoreceptive systems within the chick,

particularly those of the trigeminal nzrve, may differ from those found in humans.
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CONCLUSIONS

These experiments demonstrat: that day old chicks show consistently lateralized
responses to some but not all odorints. A right nostril bias in response to eugenol
confirmed the results of a previous study (Vallortigara and Andrew, 1994). A right
nostril bias in response to allyl sulfide was also evident, although the lateralization for
this odorant was sex-dependent. The ;e lateralizations seem to be controlled differentially
as testing chicks with the RN and tken the I.N, compared to the LN and then the RN,
may have resulted in altered access to the memory for allyl sulfide, whereas no such
effect was found in chicks present:d with eugenol. The results suggest that these
asymmetries are due to central rather than peripheral structures. Further investigations
would be required to establish whether an overall hemispheric specialisation for the

perception of odours continues to deselop in the chick post-hatching.



