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ABSTRACT

A series of five experiments assessed the efféd#dferent sounds on the choice behaviour of
domestic hens and chicks using a range of procsdurie first experiment compared the
effects of white noise on hens’ performance undeitiple-concurrent schedules with those of
other sounds (an alarm call, the sounds of hemrfgend a food call) with the same subjects.
The sound was shown to bias responding of hens &aaythe keys associated with all sounds
and the magnitude of this bias was largest forevhdise and the food call. Different to the
other sounds, white noise suppressed the respoontimens when it was present, thus
confounding response allocation. In Experimera 2pncurrent-chains procedure was used to
assess hens’ preferences for the same soundsnusggeriment 1. Sound was associated with
one terminal-link and hens made a choice betweendsand no sound alternatives in the
absence of sound. The direction of noise biages fesponding in the initial-links was the
same across hens for one sound only (food calfreumagnitude of these biases varied. This
was different from Experiment 1 but terminal-lirdsponding was suppressed in the presence
of sound, as in Experiment 1. Terminal-link ergauses also tended to be longer in terminal-
links that contained most sounds but the effectgvaater with white noise and the food call.

A conditioned place preference procedure was usésperiment 3 to assess chicks’
preferences for places associated with soundbleialtsence of reinforcement or sound.
Baseline preferences were assessed by measuriegpiemt in each compartment of a 3-
compartment chamber. Groups of chicks were thaditoned to either food or a sound by
being confined in one compartment. The chickstosditioning test sessions showed a
significant conditioned place preference towardsatrea associated with food and away from
the area associated with white noise. This expmirahowed that the conditioned place
preference procedure could be used to assessnhb#ioning effects of sound and food on
domestic hen chicks and confirms the results fouitidl white noise. As all previous
experiments identified sounds that were only netgred, Experiment 4 attempted to make a
preferred sound for hens by associating a purewatinefood. Preference for this tone was
assessed in the same manner as Experiment 1. ir€ogah of preferences across subjects was
inconsistent, thus this experiment was not sucaes€ine possible reason for the inconsistent
results could have been the use of a pure tonperiirents 1 and 2 showed that white noise
and the food call affected responding of hens anitiwas thought possible that associating

these sounds with food would increase preferermearts them. Thus, Experiment 5 used the



same procedure as Experiment 4 to associate fabdankite noise and a food call. Two
training phases, one with food and one without foncreased noise biases away from the keys
associated with sound during the preference assessiit was theorised that the training

phase made sound unpredictable and the hens nerlbad control over its presence or
absence, therefore making the sound less prefanmédnore aversive. Overall, the results of
this thesis suggest that white noise is an avestivaulus for domestic fowl and that

concurrent schedules and the conditioned placemete procedure could be used with other
species to assess their preferences for enviromsgirhuli, which would provide information

that may aid in improving their welfare.
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Intensively farmed animals, including domestic foare exposed to a variety of different
sounds that may affect them and research has sti@aivaome sounds may be aversive. In
New Zealand, there is a large poultry meat indussryvell as a large number of commercial
egg producers, with an estimated 3.2 million laymegs in 2009 (EPF, 2011). When housing
layer hens it is recommended, in theimal Welfare (Layer Hens) Code of Welfare 200at
exposure to loud, constant, or sudden sounds bed&epminimum (National Animal Welfare
Advisory Committee, 2005). However, there aree@mmmendations about the maximum
decibel level of sounds or the types of soundsl#yar hens should or should not be exposed
to. Itis likely that hens would prefer to be retpresence of some sounds and would avoid
others.

There is a long standing myth that many birds czar higher frequencies and have
more acute hearing than humans that a consideaatmdent of research has shown to be false
(Dooling, 2002). In Panel A of Figure 1, Saundand Salvi (1993) showed that the lowest
threshold for hens was between 10 and 15 dB (SiiL patween 1000 and 2000 Hz. Temple,
Foster and O’Donnell (1984) found that the frequesicsounds in the most sensitive range of
hearing for domestic hens was between 3000 and H200n comparison to humans,
chickens have a higher threshold at both highed@andr frequencies. Humans have a
threshold as low as -10 dB (SPL) between 2000 &30 #z (Panel B in Figure 1). Domestic
fowl have been shown to have a range of hearindasito other galliform species (turkey,
quail & bobwhite quail), however, domestic fowl lesa lower threshold for sounds that are
very high or very low in frequency (Hz) comparedtber birds (Gleich & Langemann,

2011).
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Figure 1.Panel A shows an audiogram for Chicken data dérfirem Saunders and Salvi (1993), cited in Dooling
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Animals may respond to a sound as if they find tla¢tmactive or aversive, or they
may be indifferent to the sound. An aversive soignzhe that is avoided. Rushen (1996) has
argued that aversion “can be operationally defingddrms of the ‘cost’ that an animal is
prepared to pay” (p. 1993) in order to avoid a et the aversive experience. Thus, the
higher the cost, according to this idea, the graateaversiveness. Nicol, Blakeborough and
Scott (1991) point out that if an animal delayesdoivn access to reinforcement then it was
paying a cost. For example, Nicol et al. found tiens reduced their response rates (i.e.,
delayed or gave up access to food) in order todstl@ combination of motion and noise
caused by a motor. However, response rates wathdise alone did not change. The authors
concluded that the motion and noise combined wesesave to these hens. In this thesis, a
negative sound will be defined as a sound thatiswmersive but instead is a sound that is not
preferred when an animal is given an alternativee,(ho sound). This means that an animal
may prefer not to be in the presence of a negatwed but may not give up access to
resources in order to avoid this sound. Thereabs®sounds that, in certain contexts, attract
animals and function as signals, for example, chiell approach a food calling maternal hen
and then peck the ground in front of the hen tocdetor the food (Wauters & Richard-Yris,
2002). ltis likely that these sound signals aefgrred to no sound. Sounds can also have a
positive effect on animals and their welfare. Ewample, music has been shown to facilitate
play behaviour in piglets (de Jong, Boleij, Ba@adink & Spruijt, 2008) and increase social
interactions in captive chimpanzees (Videan, FHiawell & Murphy, 2007). In domestic
fowl, positive effects of sounds have been foumanfia food call, which has been shown to
facilitate memory in domestic hen chicks (Fieldglird, Toukhsati, & Gibbs, 2007,
Toukhsati & Rickard, 2001), and from music, whiasltbeen reported to decrease aggression
and increase productivity in chickens (Jones & Rayh999).

There are a range of methods that have been ussdégs animals’ responses to
sounds with a variety of species and some of thase been used with domestic fowl. There
can be difficulties, however, in assessing animad$erences for sounds and the appropriate
procedure must be used for the type of sound shiag¢ing examined. For example, certain
procedures can be used only for sounds that atreahimal while others can be used to
assess sounds that animals may avoid. Other prozdssess only the damaging effects of
noise. These procedures will be discussed belaywanere possible, reference will be made

to studies with domestic fowl.



Some research has used procedures that rely oofdgysal measures to assess the
effects of sounds on animals. These procedurésatiypinvolve exposing an animal to
sounds, usually at high intensities, and then iogrblood hormone levels that are used to
indicate signs of stress. For example, the ratideeterophil to lymphocyte within the blood
of chickens was found to be a reliable measurére$s (Gross & Siegel, 1983) and studies
have used this measure to assess sound as arstoesiamestic fowl. Campo, Gil and
Davila (2005) used measures of stress (the ratibsterophil to lymphocyte within blood) as
well as behavioural measures of fear (duratiorooictimmobility) to assess the effect of
noises on hens. They found that sounds of truckisis, and aircraft noises (at 90 dB (A))
induced more fear (longer immobility) and streseéder heterophil to lymphocyte ratios) in
birds exposed to these sounds than in birds naisexpto these sounds. Another study
exposed domestic hens to slaughterhouse soundsd&otiventilation fans, the slaughter
line, and operating carts) for 10 min (at 80 and dB (A)) and found that exposure to this
sound increased their plasma corticosterone l¢@kupek et al., 2009). An increase in the
ratios of heterophil to lymphocyte within blood walso found by Gross (1990) when
chickens were exposed to a short duration soubdrfging metal pipe) at 104 dB (A).
However, procedures that rely on physiological messdo not capture any effects of sounds
on the behaviour of animals and have typically bessd to assess the negative effects of
sounds only.

Procedures that include escape or avoidance balravian also be used to assess
sounds that are potentially negative or aversinghese procedures, an animal is allowed to
terminate or avoid a sound in some way and thadgteo escape or move away is assumed to
indicate the aversiveness of the stimulus. Symlveedure has been used to assess the effects
of white noise on rats where the rats learned ¢as noise in a shuttle box (Hughes &
Bardo, 1981). In this study, the latency to esadg@eased as the intensity of white noise
increased. The avoidance of sounds has also Iseehwith intensively farmed animals such
as pigs (Hutson, Ambrose, Barnett & Tilbrook, 2008lling, Waran, Wathes & Lines, 1998).
These studies found that pigs showed various amoalaehaviours (approach latency,
turning away and longer approach distances) ipthsence of a dog bark, white noise, sirens
and piglet squeals (Hutson et al., 2000). Pigeva¢so shown to avoid a sound recording of
an animal transporter when it was played intermilyg(Talling et al., 1998).

Although escape or avoidance procedures can gisefall measure of animals’

responses to sounds, they can be used only whemitmal will escape or avoid the sound



and so, such sounds are considered negative bagreraversive. It is not clear whether
faster latencies to escape or greater distancess alwding can be interpreted as indicating
greater aversiveness. Rushen (1996) points oubtiglimitation of procedures assessing the
aversiveness of stimuli is that the animal mugstié¢a expect the presentation of the aversive
stimulus and therefore results can be affectednbgremal’s learning abilities. Additionally,
Nicol et al. (1991) point out that an animal’s alamce of an aversive stimulus may evoke an
incompatible species-specific fear reaction, sicfreezing (Bolles, 1970), and this must be
considered when deciding the type of technique ts@dsess aversiveness.

As pointed out, procedures that rely on physiolalgaeasures or on escape or
avoidance have been used to assess the effec¢isioli $hat were generally negative or
aversive. There are procedures that have beentagx@mine animals’ preferences between
a set of items or events, known as preference steseds. The most simple preference
assessment involves presenting an animal with twoaye alternatives and the one most
often chosen, or the one the animal spends mostuirth, is taken as the more preferred
option. Preference assessments are useful bettaysallow for the assessment of many
different types of stimuli such as: food, sociahditions, environmental events, or sounds
(Sumpter, Foster & Temple, 2002). It is importemhote that, regardless of the procedure
used to assess preference, the resulting meagplysta only the set of alternatives offered
and so are relative rather than absolute meast@ipreference (Duncan, 1978; Sumpter et al.,
2002). Preference measures may allow one to ih&ran animal prefers one environment to
another, but cannot allow us to conclude that thimal likes or dislikes both environments or
that the animal is suffering in the environment ikdeast preferred (Dawkins, 1977).
Preference measures can also be influenced byiayalahprevious experience with the
choice alternatives, in that animals may choosspemd more time in an environment that is
familiar rather than more preferred (Dawkins, 1988)problem associated with interpreting
the outcomes of preference procedures is that dmmhoanot always choose what is in their
best interests and may therefore choose an alivegrthat will detrimentally affect their long-
term welfare (Duncan, 1992). For example, an ahinay choose to eat too much and
become obese as a consequence.

In spite of some of the problems associated withgugreference procedures, they
have proved to be useful for examining animalshoeses to a wide range of stimuli, such as
access to conspecifics (Tannahill, 2004) or tentpezaand flooring types (Vasdal, Mogedal,
Boe, Kirkden & Andersen, 2010). This means th& pgossible to identify the stimuli that are



most preferred by animals and this, as Dawkins {1 ®dints out, is important when
assessing an animal’s welfare. Another advanthgesference procedures is that they can
allow for a graded measure of preference for timeusitthat are presented.

Observing an animal’s response to sound wherpitasented alone, rather than by
giving the animal a choice between simultaneousigented sounds, is another way that
preference for different sounds has been asse$sgdxample, an animal may perform
behaviours when the sound is on indicating the ddwas a negative or positive effect, or the
animal may approach the source of the sound. @iy that observed behaviour in the
presence of sounds was by Pasteau, Nagle and Kré@@04) who examined the song
preferences of canaries. They found that canpreferred intra-syllabic diversity (more
syllables in a song) compared to intra-syllabic@ioity measured by the canaries performing
more copulation solicitation displays in the preseof these songs (their indication of
preference).

Other studies have used approach and time spenamseaind source as measures of
preference. Preferences of quail and domestichieks for maternal calls were assessed by
Park and Balaban (1991). In their study, individtracks were placed in a test cage with
pressure panels located in front of two speakénse of these speakers played the maternal
calls of adult domestic hens and at the same tm®ther played maternal calls of adult
guails. Both chicks’ approach responses, as meddiy presses on the pressure panel,
showed that they preferred their own species’ materall over the call of the other species.
While these methods have the advantages of bemgesiand of being easily conducted in a
laboratory setting, the proportion of time sperdmar in an environment does not necessarily
reflect the value of an alternative (Duncan, 1978)r example, although hens may spend a
small proportion of time in a nest box laying eggsloes not mean that access to a nest box is
not important for them. Furthermore, it may nofppactically possible to present some
stimuli concurrently in a preference test (e.gnperature, lighting or sounds) as the presence
of one stimulus may influence the ‘value’ of theeahative (Kirkden & Pajor, 2006).

Preference has also been assessed by offeringithala clear choice between two
or more alternatives. In these procedures thecehoiay be presented using T- or V-mazes or
the animal may be allowed to control whether tiawdus is present or absent. In a V-maze
procedure, where a different sound was associaitbdeach arm of the maze, cotton-top
tamarins chose between species-specific feedingschr distress calls (McDermott &

Hauser, 2004). As the animal entered one armeofithze a sound was turned on and moving



to the other arm turned this sound off and therdiie sound on. The tamarins showed a
clear preference for the arm associated with spespecific feeding chirps over the distress
calls, as indicated by significantly more time gparthe arm associated with the feeding
chirps. A Y-maze procedure, where only one arm asz®ciated with a sound, has been used
with cows to show that they selected the arm witlsownd more often than the one with
milking facility noises (Arnold, Ng, Jongman & Hewgrth, 2007). Kent (1993) used a T-
maze procedure to give chicks a simultaneous chmgteeen two different sounds, each
played at an end of the T-maze arms. In this stpiference was indicated by the side
chosen and a chick made a choice by crossing & thal35 cm from the speaker. Kent
found that chicks preferred maternal clucks plageflequencies close to a normal cluck over
one where the frequency had been increased by 3d®@&ever, presenting sounds
concurrently can be problematic and it was likal)Kent’s study that playing two sounds at
once influenced the preference assessment.

Other 2-alternative choice preference procedures hhowed the animal control over
the presence or absence of the stimulus of inte$ten this is done then sound can be used
to see if turning it off functions as a reinforg¢ee., to see if the sound would serve as a
negative reinforcer). This type of procedure wssduin a study where mice were exposed to
white noise (98 dB (A)) that they could turn off mpving off a platform-depression
apparatus (Barnes & Kish, 1957). When the whiteesetarted playing, the duration of time
spent on the platform significantly decreased destrating that the termination of white
noise at 98 dB (A) could function as a negativefecer.

In a similar study with hens, MacKenzie, Foster &ethple (1993) used a tilt floor to
allow hens to turn a centrally located sound oaofbr The hens could move freely from one
end of a chamber to another where one end wasiagsbuwvith the sound off and the other
with the sound on. MacKenzie et al. assessedehs’ niesponses to a variety of different
sounds that ranged from pure tones and music tediweds of other animals or machine
generated sounds. When the sound played was badk@r the sounds of hens in a
commercial poultry shed (both played at 90 dB (AP hens spent the majority of their time
with the sound turned off. The louder the sourfdsens in a commercial poultry shed was
played the more time the hens kept it off. Otlwemsls, such as the tones and the music, had
no consistent effects on the location of the harthé chamber, even when the sounds were
increased in intensity. The authors concludedtti@abark and sounds of the commercial

poultry shed were aversive to these hens. In 8adternative choice procedures, when the



value of one alternative is greater than the oghxefusive measures of preference may result.
MacKenzie et al. pointed out that the fact thatghgportion of time the hens spent with some
sounds turned off increased as intensity of the@davas increased was surprising and
unexpected as the hens had the option of simplyikgehe sound off by staying at one end
of the chamber.

A further method for assessing animals’ preferemcéssed on operant conditioning.
In operant conditioning an arbitrary behaviour,tsas lever presses or key pecks, is
controlled by consequences (i.e., reinforcers sisctood) that are normally delivered
according to a specified rule known as a scheduleinforcement (see Ferster & Skinner,
1957, for a review). A schedule of reinforcemesttedmines how frequently a reinforcer will
be available. One way schedules can be usedsstss the effects of a single stimulus (such
as sound) on animal’s arbitrary responses (se@#i|d-oster, Temple, Matthews &

Bremmer, 1991, for a review). For example, StephBailey, Sharman and Ingram (1985)
trained pigs to press on a response panel to ttigitber vibrations and noises presented
together or the noises alone. The panel presedeéovescape the stimulus. This study
showed that pigs would readily press the panairo off the compound stimulus of vibration
and noise and, to a lesser degree, to turn oferad@ne.

An operant procedure called passive avoidance wegdbaseline of responding being
established and the effect of the introductiorhefdtimulus on this baseline is then examined.
Rutter, Scott and Moran (1993) used this procetlhuessess the effects of sound on
responding of hens under a Variable Ratio (VR)&@tedule of reinforcement. Under a VR
20 the number of responses required by the hehteroa food reinforcer varied around an
average of 20 responses. Rutter et al. foundsthatd and the motion of a conveyor belt, and
the sound alone, suppressed hens’ responding. répeyted that one problem with the
procedure was that the measure of response sujgpressulted in a floor effect where
responding ceased in the presence of both sounthatidn and sound alone. This meant
that the authors were unable to differentiate Weelevels of aversiveness between the
different stimuli.

In the studies outlined above, Rutter et al. (139®)wed that sounds played alongside
operant responding will suppress responding angh8tes et al. (1985) showed that an animal
will turn off sounds they find unpleasant. There studies assessing the preferences of song
birds using operant procedures that allowed thealnio turn sounds on (Dobson &
Petrinovich, 1973; Leadbeater, Goller & Riebel, 200/atanabe & Nemoto, 1998).



Watanabe and Nemoto (1998) recorded the time $peddva sparrows on each of three
available perches; one perch played no sound aed Winds hopped on each of the other two
perches music by different composers or white neise played. Two Java sparrows spent
more time on the perch associated with Bach thathamnassociated with no sound or with
other composers and one bird spent more time opdfah with Bach’s music than on one
that turned on white noise. The authors conclutatiwhile the sparrows showed a
preference for different types of music, in thatipreferred the music of one composer over
the other, these preferences were specific todiaidual. In a similar study, Dobson and
Petrinovich (1973) found that White-crowned spasdwpped on a perch associated with a
conspecific song more than on each perch assoaatiedvhite noise and that across days
responding to either song “habituated”, as showa dgcrease in hops to the perches
associated with sound. Leadbeater et al. (20@0yded pecks by female zebra finches on
two keys, each associated with the playback offardnt song motif. The birds’ proportion

of responding was used as the measure of prefeegriteevealed that females preferred song
motifs that did not contain inspiratory phonatignaduction of sound as air is taken into the
lungs) over ones that did. These studies showsthatd can be used in operant procedures
where the animal will turn the sound on, thus destrating that access to sound itself can
function as a reinforcer.

An operant procedure, termed concurrent scheddilesrdorcement, can be used to
assess preferences for different stimuli, includingnds. Under concurrent schedules of
reinforcement the subject responds on two or mioneltaneously available but spatially
separated manipulanda, for example, keys that egpebked. Responses made on each of
these manipulanda will occasionally result in reilnément (e.g., access to food). Concurrent
schedules of reinforcement have been used to savatioud tone had a punishing effect on
rat's behaviour by suppressing their respondingeeislly when associated with a lean
reinforcement schedule (Reed & Yoshino, 2001, 2008)

A multiple-concurrent schedule of reinforcementqadure was used by McAdie,
Foster, Temple and Matthews (1993), McAdie, Foatel Temple (1996), and McAdie
(1998) to assess the responses of hens to diffeoaimids. In this procedure, two keys were
simultaneously available under a Variable IntefVd) schedule of reinforcement but the
session was broken up into four 10 minute companevttich constituted a multiple
schedule. In the first and third components, l@thlights were red and in the second and

fourth components both key lights were green (tlews alternated across components). In



the red components, a sound was associated witkegn@.e., the left key), and in the green
component the sound was associated with the aleckey (i.e., the right key). A response to
the sound key in either component turned the saunahd it remained on until either a
response to the alternative key was made or thggeoemt changed. Details of the analysis
of such data will be presented later, but the prace rests on the analysis of the degree to
which behaviour is allocated to the two differechedules. A constant proportional
preference for one schedule than the other, owiéabove any reinforcement rate differences,
is termed a bias. Using the procedure outlined b#owed for the assessment of the degree
of bias resulting from the sound being associatitll responding on one schedule
independently of any tendency to respond more othan schedule resulting from other
factors (i.e., side bias).

Using this multiple-concurrent procedure McAdie arlders varied the type of sound
and the sound intensity. McAdie et al. (1993, 1986ing the same hens in both studies,
found large biases away from a key associated twélsound of hens in a commercial poultry
shed, and these biases increased as intensitg ebtind was increased from 90 to 100 dB
(A). Small and inconsistent biases were found wWighmusic sample they used. McAdie
(1998) used a different group of hens and fountwimdte noise (at 105 dB (A)) also resulted
in large biases in the hens’ behaviour away froenkidly associated with the noise. Although
a clear bias was shown away from responding to &sgeciated with certain sounds (i.e., a
preference for silence), there were no consist@sel in responding towards keys associated
with any of the sounds used. Thus, the hens sheitleer a preference away from the sound,
compared to no sound, or no preference was shown.

The effects of white noise on the responding ofsifeand by McAdie (1998) was
different from the effects of the other sounds usetthe earlier studies by her. She found that
white noise suppressed responding (i.e., slowqmbree rates in its presence) and this had
not been seen for the sounds used in the eanlidiest even when large biases were
generated. She also found that responding ondghasgsociated with white noise during the
seconds after the onset of white noise was supmtensre than responding on that same key
after the white noise had been on for a periodis Tésulted in greater biases in the behaviour
close to a change-over from one schedule to ther thlan seen in the total responding, which
had not been found with earlier sounds used in Me&tal. (1993). McAdie concluded that
these two findings suggested that white noise wasvarsive stimulus for hens. She

suggested that this conclusion would mean intergyehe earlier data with the other sounds



as not reflective of aversiveness but rather mdaatsother sounds were just not as preferred
as no sound. However, one problem with this caectuis that although McAdie obtained
the same findings with two different groups of hessg white noise, both of these groups
differed from the group used in the earlier stu@ied so no within hen comparison was
possible. Therefore, conclusions about the efféethite noise compared to other types of
sound could only be inferred. Thus, it is not kma®the difference in responding between
white noise and other sounds was caused by theofyg@und used or simply the result of
using different hens across the studies.

Another study using concurrent schedules to asses®l preferences was by Otsuka,
Yanagi and Watanabe (2009). They used a concwehenihs procedure, a procedure
arranged differently from a typical concurrent slile procedure, which will be outlined
later. In their study, Otsuka et al. assessedpedferences for levers associated with music
or other sounds. They found that preferences)disdted by the proportion of responding on
both levers, were individual across subjects bait tihe procedure provided a reliable way to
measure preferences for sounds by rats. Althoagbwrent-chains procedures have not
typically been used to assess animals’ prefereiocasfferent stimuli, this study by Otsuka et
al. showed that the procedure could be appliedtess sound preferences.

To sum, intensively farmed animals cannot escage Bounds that they are exposed
to and it is important for their welfare to estahlwhich sounds they might find aversive. A
possible way to improve the welfare of these ansmady be to expose them to sounds that
are positive or that they prefer and to limit exjpesto aversive or non-preferred sounds.
Although there are a range of useful procedureadeessing the effects of sounds on
domestic fowl and for assessing their preferenedsden sounds, not all of these procedures
are appropriate for all types of sound. Some mhoEs are more appropriate for sounds that
animals avoid or find aversive (escape or avoidgmoeedures) and others work better with
sounds that attract an animal (measuring time gpeantthe sound source). Additionally,
some of these procedures do not allow for the mdiffeéation between the degrees of
preference towards one sound compared to othedsouDoncurrent schedules of
reinforcement have been successfully used to aisegsfects of sounds on the choice
behaviour of domestic fowl. They also allow foe ttiifferentiation between the degrees of
preference for different stimuli because they pdevinformation about the size of an animal’s

preference for one alternative over another. eans that it is possible to rank animals’



preferences (Sumpter et al., 2002). Thus, concusehedules are a promising procedure for
identifying sounds that domestic fowl prefer ordfiaversive.

When assessing choice and preference in animatadsecommon operant procedure
is concurrent schedules. Although concurrent-chpnecedures have been extensively used
in research, they have rarely been used to assefesgnces for different stimuli (e.qg.,
sounds). Both of these procedures can be apiadsess the effects of sounds on choice
behaviour. Thus, the first aim of this thesis wasxplore the use of concurrent schedules
when assessing the effects of sounds on the chaateesponding of domestic hens. To
address this aim, the first experiment attempte@pticate and extend research by McAdie
(1998) and McAdie et al. (1993), which showed swinds biased hens’ responding under
multiple-concurrent schedules. Multiple-concurrectiedules were used and subjects were
exposed to both white noise and other sounds ferdiiit conditions. Thus, it was possible to
directly compare within subjects the effects of t@moise on hens’ performance under
concurrent schedules with other sounds. In therskexperiment of this thesis a concurrent-
chains procedure was used to compare the effestsunids on choice behaviour with those
previously obtained using the same sounds. Thedsoused in these experiments were

selected so that they might be preferred, neutralersive to hens.






EXPERIMENT 1

As previously mentioned, one way to assess hespbrese to sounds is to use multiple-
concurrent schedules of reinforcement (McAdie, 1988Adie et al., 1993, 1996). This
procedure was used with hens and they showed eithkiases or biases away from the key
associated with the sound being on (McAdie, 1998AMe et al., 1993, 1996). McAdie and
others suggested that these biases provided cataugiestimates of the hen’s relative
preferences towards or away from different sounkemcompared to no sound, and gave a
graded measure of hens’ preferences for differemds. That is, the larger the bias the
greater the preference.

When assessing preferences using concurrent sesedgnerally equal VI schedules
of reinforcement are associated with the two a#teves. Under a VI schedule a reinforcer is
delivered for the first response that occurs ateariable or average amount of time has
elapsed since the last reinforcer was delivereds{€e& Skinner, 1957). For example, under a
V1 60-s schedule a reinforcer will be delivered fioe first response that occurs after an average
of 60 s has elapsed since the previous reinfordéschedules are typically used because they
increase the likelihood that an animal will samipi¢h alternatives, as this maximises the rate
of reinforcement delivery (Sumpter et al., 200Zhe proportion of responses made and time
allocated to each alternative are taken as theunemsf preference.

Concurrent VI schedules can be arranged eithepemtdently or dependently. When
arranged independently both schedules operatencmnisly throughout a session, regardless of
whether a reinforcer is due on any alternative (kein, 1961). One problem with
independent schedules is that an animal can rea#igéits reinforcers on one alternative
without ever sampling the other and therefore estcupreference or choice may be shown by
the animal (Sumpter et al., 2002). To avoid exckipreference, experimenters commonly use
dependent schedules. Here, the timing of one Médule stops if a reinforcer is due on the
other VI schedule and is only resumed when thategier has been collected (Stubbs &
Pliskoff, 1969). Dependent schedules ensure higatdtios of reinforcers obtained by an
animal are programmed by the experimenter andgleigent exclusive choice to one
alternative. This is because the subject must kahgth alternatives in order to maximise
reinforcement rates (Baum, 1979). One problem d&pendent schedules, however, is that
since they maintain responding on both schedulgspbserved preferences seen may be
smaller than the ‘true’ preferences (Matthews & p&Em1979).



When using time-based schedules of reinforcemanh as VI schedules, subjects tend
to switch rapidly back and forth between the aklikres (Catania, 1966). Thus, undesired
adventitious reinforcement for switching behavimay occur. To prevent this, a changeover
delay (COD) is usually incorporated into the pragedHerrnstein, 1961). A COD specifies
the minimum amount of time (usually 1 to 3 s, dejieg on the species) that must elapse
between the first response on an alternative aethéorcer for a subsequent response on that
alternative (Herrnstein, 1961).

Baum (1974) found that behaviour under concurrdnfNschedules of reinforcement
was well described by tH@eneralised Matching La@GML). This expressed mathematically
is:

log (%} = a log [%j + logc, (1)

2 2

where B refers to the number of responses madeedime spent responding, R denotes the
number of reinforcers obtained and the subscrigisdl2 indicate the different response
alternatives. In this equati@iis a measure of sensitivity of behaviour to tHefoecement-
rate differences, and lag termed bias, is a measure of any constant preferir one
alternative that occurs over and above any reiefoent-rate differences. When the ratios of
responses made, or time allocation on the alterestivere plotted against the reinforcement
ratios on logarithmic co-ordinates, the data poameswell described by a straight line with a
slope ofa and an intercept of log(Baum, 1979).

When logc is greater or less than zero, behaviour is saimktbiased towards one
alternative over and above any reinforcement-rdterdnces. This is termed inherent bias
when the quality of reinforcers available on bdteraatives are equal. Inherent bias is said to
be due to some unmeasured factor such as diffes@nt¢be response manipulanda. For
example, one alternative may be easier to respotithh the other due to the degree of
movement required (Baum, 1974). The researchealsanexperimentally manipulate bias in
order to assess an animals’ preference for fastah as different food types or amounts
(Baum, 1974). In such cases, ofEquation 1) includes a measure of both inheres énd
any bias due to variables manipulated other thaxfioreement-rate. Matthews and Temple
(1979) comment that it is assumed that inhererst l@eains constant and, once removed from
the overall bias measure, will leave a measureas &ttributable to experimental

manipulation, such as different food types.



Matthews and Temple (1979) were the first to sépardnerent bias successfully from
bias caused by arranging qualitatively differemficrcers on the two alternatives of a
concurrent VI VI schedule of reinforcement. Thegessed the food preferences of dairy cows
for dairy meal and chopped hay. In order to memaauay inherent bias, their first experimental
condition involved equal dependent concurrent VE®thedules of reinforcement with the same
food available on both alternatives. In the folilegvfour conditions, dairy meal was associated
with one response alternative and chopped hay ssxmted with the other alternative. The
reinforcement rates on both alternatives were asied. By subtracting the initial inherent
biases obtained in the first condition from therallebiases measured during the following
conditions the authors were able to determine tiwestpreferences for the different foods
alone. The modified version of the GML proposedMatthews and Temple (1979) that
allowed separation of any inherent biases fromdsiassulting from experimental manipulation
is expressed as:

B: R:1
log| — | =alog|— |+ logb + logq, 2
g[BJ Q(RJ gb + logq @

where logb gives a measure of inherent bias, ¢pg any bias due to the qualitatively different
foods and the other variables are as previousineef

As previously mentioned, logican be separated into lbdinherent bias) and log(bias
over and above any reinforcement-rate differen@&glation 2). A second way of calculating
the separate values of lbgand to obtain values of lag is to combine the data obtained in
two reversed components or conditions. For examyhen a preferred food is associated with
the left alternative estimates of lb@and logq can be obtained by first applying Equation 2,

thus giving:

P2 Ru
log| — | =alog|— |+ logb + logq, 3
g (PRJ g (sz g gq 3)
and also by applying Equation 2 to the preferrexifoeing associated with the reversed
alternative (e.g., the right, and assuming any isiasversed across components) gives:
Pis R1
log| — | = alog | — |+ logb - logq. 4
[ 5] = atoa | |+ togb - logs @

3
In the above equations, 8nd R refer to responses/time allocated to the left ragia
alternatives, respectively. The subscripts thédothese refer to the conditions/components
(2 being preferred food on the left and 3 beindesred food on the right), and the other

variables are as previously defined. Assumingtt@treinforcement rates are equal for both



conditions, or both components, means that thedtig of reinforcement rates will be zero for
both. Thus, adding Equations 3 and 4 gives a Wagloulating logo:

log b = % ( log (%j + log (%j ). (5)

From these equations a measure ofj@gn also be obtained. The degree of separation
between responding to the left or right keys irersal conditions indicates bias in responding
towards the preferred food. Laogs a bias due to the preferred food over and aboye
reinforcement-rate differences. By using Equa@iahis possible to get a measure of bias due
to food preference only, by removing any inheraasés

log g = % ( log (Ej - log [gj ). (6)

Pr2 3

This method of analyses of bias due to a stimulas wsed by McAdie (1998) and
McAdie et al. (1993, 1996) to assess the bias tiagurom the various sounds and white noise.
McAdie and others were able to quantify the averséss of different sounds for hens using
Equation 6, by removing the inherent and compob&# (as outlined above).

In the present experiment, the sounds selected ets=n to represent sounds that may
be aversive, neutral or preferred by the hensouxd that has previously been shown to be
aversive to hens is white noise. McAdie (1998)amqul hens to white noise using both
concurrent and single key schedules where the masealelivered in different ways (e.g.,
continuously or in bursts) that were either corgimgor not contingent on the hens’ responding.
Their overall results showed that the behaviouresfs was biased away from the white noise,
regardless of the way it was delivered. McAdieatoded that white noise was aversive to
hens because its onset caused greater bias irb#t@riour and because it also decreased their
rates of responding. Neither effect was seen thighother sounds used in McAdie’s previous
experiments. Thus, white noise was selected avensive sound to use here. Another sound
used by McAdie et al. (1993, 1996) was that of harsscommercial poultry shed. These
studies found that although this sound was ledgiaiale to hens than no sound, it did not
result in decreased response rates. They alsal fima bias resulting from responding that
occurred during the COD timing (within-COD) was stlarge as bias resulting from
responding after the COD (post-COD), which wasdpposite result to that found by McAdie
(1998) with white noise. MacKenzie et al. (199a})talso found that all of their hens spent
more than 70 % of the session time with this samoad of hens in a commercial poultry shed
off, when it was played at 90 (dB (A)). Thus, #wnds of hens in a commercial poultry shed



was selected as a sound that hens find less poéfeano sound but that might not be as
aversive as white noise.

It has been shown that the recordings of chickelistcalls provoked more food calling
in domestic hens (Hughes, Hughes & Covalt-Dunnli®$2) and elicited more clucking by
mother hens (Collias, 1952). Contrary to thesdifigs, MacKenzie et al. (1993) found that
half of their hens were indifferent to the recogdirof an alarm call, when it was played at 90
dB (A), while the other half spent more than 70 £their time with this sound off, thus
generally preferring not to be in the presencencélarm call. From these contrasting results it
is unclear if an alarm call would be preferred lepéito no sound or not, when it is played
during multiple-concurrent schedules. Thus, tbismgl was selected as a sound that is neither
preferred nor aversive to hens (i.e., neutral)raag be a sound that gives mixed results among
subjects.

A food call has been found to attract the attentibhens. Marler, Dufty and Pickert
(1986) found that hens readily approached (withile@ast 10 s) a rooster that made a food call
upon receiving a food item. Evans and Evans (1988)ed recorded food calls to domestic
hens and found that the hens pointed their headawlards and that the food calls elicited
anticipatory feeding behaviour when the sound wasResearchers have also observed hens’
responses to males making food calls in a nattiatistting (Gyger & Marler, 1988). Gyger
and Marler showed that a hen’s approach was higirselated with the male food call, with
hens approaching the male for on average 77 %eofdlis made for an object. Additionally,
van Kampen (1994) also found that hens approacheadacalling male and whether the hen
approached the male, and their approach speed,nflerenced by the hen’s peck order rank
and willingness to conduct sexual behaviour, siscbrauching. Based on the above studies, it
seems reasonable to predict that a male’s foodscalpositive stimulus for hens and was
selected as a sound that may be preferred by them.

The aim of this experiment was to further examhreeuse of a multiple-concurrent
schedule of reinforcement procedure for asseshm@versiveness of, and preferences for or
against, different sounds. It was also the intento compare the effects of white noise with
those of other sounds, using the same subjects. wids done by replicating McAdie et al.
(1993) and McAdie’s (1998) procedure and analysiegresults in the same manner, using the
modified version of the GML (Equation 6) to assiesbias resulting from the sounds. Each
sound was associated with one key in each compamehthe key that it was associated with

was reversed over conditions. A range of diffesmninds were used: white noise, the sounds



of hens feeding (a sound similar to the sound aghe a poultry shed), an alarm call and a
male food call. It was expected that noise biag@) would be towards the keys associated
with the food call, away from keys associated withite noise and the sounds of hens feeding,
and mixture of bias towards and away from the lesgociated with the chick alarm call.
Based on the findings of McAdie, it was also expddhat white noise would affect within-

COD bias and local rates of responding differefrtyn the other sounds.

Method
Subjects

The subjects were 6 Brown Shaver hens number¢d 3@. They had been flock-
reared and were approximately two years and eighitins old at the beginning of the
experiment. All hens were weighed daily and atehé of each session they were given
supplementary food (commercial laying pellets);ezgiired to maintain them at approximately
80 % of their free feeding body weight. Four of titens (Hens 31 — 33 & 36) had previously
been trained to key peck during a university undetgate laboratory. Three of these hens
(Hen 31, 33 & 36) had previous experience respandimmultiple-concurrent VI schedules of
reinforcement and Hen 32 had experience respondiagliscrimination experiment with two
keys. The remaining 2 hens (Hen 34 & 35) were expntally naive.

All hens were individually housed in metal grid eagneasuring 30-cm wide x 45-cm
long x 43-cm high. The hens were supplied with @nd vitamins weekly and water was freely
available. They were maintained on a day/lighteyt 7 am — 6 pm and experimental
sessions were scheduled for 7 days a week. Afhasiwere treated in accordance with the
animal ethics policies and procedures of the Usitaeof Waikato Animal Ethics Committee
(Ref: 639). Hen 31 died, of peritonitis from ariduct infection, after the completion of
Condition 10.

Apparatus

The experimental chamber was made of woodchipgbatioard (2-cm thick) and
internally measured 58-cm wide x 42-cm long x 54kigh. The floor consisted of a metal
grid enclosed in an open steel tray (2-cm highyuife 1.1 shows a photograph of the
experimental chamber that was used throughoutdberenent. The left frame shows an

internal view with the response panel and the riiglthe shows the exterior.



Figure 1.1. Internal view of experimental chamber (left frgrarowing the response panel,

and exterior view (right frame).

There were three Perspex™ response keys situattiek sight wall of the chamber (left
frame in Figure 1.1) (termed the response pan¢lpbly the left and right keys were active
during the experiment. The two active keys weoe3n diameter, and positioned 12.5 cm
apart 40 cm above the chamber floor. Each keydchelseparately backlit by either a red or
green LED (‘MARL’ brand SX6 Midget Flange 28-V d&D, from Farnell Electronics™). A
force of at least 0.04 N on the left key and deast 0.08 N on the right key, as measured by a
Paco Scientific force meter (model SE-8714), wasiired to operate these keys. Each
effective key peck resulted in a 0.05-s audibleohpeovided by a Piezo electronic sounder
located behind the key.

The food magazine was located below the responsa pad allowed 3 s to wheat,
when the hopper was raised, through a magazinessibotée measuring 7-cm wide x 10-cm
high x 7.5-cm deep and centred 12 cm above the lobafioor. A 24V/1-W white light bulb
was located at the rear of the magazine and wasdwn and illuminated the food when the
hopper was raised. The key lights and magazimesligere the only sources of illumination
within the chamber. The experimental chamber watosed in a sound-attenuating box made

of particle board (2-cm thick) that was lined wtblystyrene 4-cm thick. The dimensions of



the box were 65-cm wide x 100-cm long x 77-cm highe sound attenuated box sat on top of
a wooden bench 72 cm above the ground.

Two 4 inch dual cone circular speakers were mouatethe wall behind the response
panel, 24 cm above the chamber floor. The speakemns 25 watt, 4 ohm “pro series SK14-4"
speakers and were situated 15 cm apart and 3.5oomtiie edge of the wall. The sounds were
amplified by a public address TOA-430M solid-statieed power amplifier with a power
output maximum of 45 watts rms, and frequency respmf 1/- 3 dB (A), over the range of 50
— 15,000 Hz Amp. The sound dB (A) levels were mead daily using a sound level meter
Amplaid SLM 13. At the end of each day, aftersalbjects had finished a session, the sound
intensity was measured. The microphone attach#teteound meter was placed in the centre
of the chamber on a wooden device so that the pinoe was approximately 33 cm above the
chamber floor (approximate hen-head height). Regdivere taken with the chamber door
closed and if the dB (A) level was above or belbe itequired level it was corrected and the
correction was noted in the data book. Backgrawide levels measured from within the
chamber ranged from 45 - 55 dB (A).

It should be noted that the intensity of the sownskd in this and all the following
experiments in this thesis was measured usingBh@yiscale. The sounds used included
white noise, a chick alarm call, the sounds of hiemsetal grid cages during feeding and a
food call. These sounds are available on the Diérhed in Appendix 1a. The white noise
was relayed by a noise generator (made by Med-R@d¥el no. ANL-926) that produced
broadband random frequencies between 0 and 20 RHinther sounds were relayed using
Winamp Version 2.8. The food call was taken fromdeo, called ‘The food call’,
downloaded from http://www.youtube.com/watch?v =/KPLLwbKg. The video was of an
Aracauna rooster making a food call to a groupasfswho came running to him upon hearing
this call. The sound loop for the food call was Bng. The remaining sound samples (alarm
call and sounds of hens feeding) were recordedywminriver IFP799 Mp3 recorder and were
edited into a sound loop such that there was nzedigable beginning or end. The chick alarm
call was a recording of a one week-old hen chiek tias taken to a room alone where she
made repeated calls. This sound loop was 2-s I@hg. sound loop of the sounds of hens
feeding was 57-s long. This sound was recordedroom (4 m x 2 m) containing
approximately 50 hens in metal grid cages, andtalen in the morning as the hens were fed.
The sound recorder was placed on a table in thdlenaf the room and recording began when

the experimenter entered the room holding a coataihfood and the food dispenser. On a



typical day, the hens reacted to seeing the footbgmer by making a lot of clucking noises
and the sound of the hens pushing up against ties@nd banging can be heard.
The experiment was controlled by a Pentium Il 84z computer running Med-PC™

(Version 1V) and was located in the same room asttperimental chamber.

Procedure

A multiple-concurrent schedule of reinforcemerdgadure consisting of four
components, each lasting 10 min, was used. A alagratic representation of the
experimental procedure is presented in Figure D@&ing Components 1 and 3 both keys were
illuminated red and during Components 2 and 4 ke#fs were illuminated green. At the start
of a session the hen was placed in the chambe€angonent 1 began. The sound was not
turned on in a session until the first responghddkey associated with the sound (sound key)
in Component 1, in that condition. Once the sowmded on it played continuously until a

response was made to the other key (off key), @cttimponent changed (see Figure 1.2).

Component 1 (10 min)

Both keys red

l

Component 2 (10 min)

Both keys green

-

Repeat for Components 3 and 4

Figure 1.2. A diagrammatic representation of the experimgotatedure for multiple-

concurrent schedules with sound associated wittkegén each component.



Independent concurrent VI 90-s VI 90-s schedulegioforcement were in effect with
a 3-s COD. The VI schedules were comprised ohidrvals in random order from the
arithmetic progressions of the formjof kx, where x =0, 1, 2, ..., 1fwas equal to one
fifteenth of the average VI length akd 2. The values of were chosen to produce the
appropriate mean interval in each schedule. Whangnent 1 was complete (i.e., 10 min
had elapsed) Component 2 began with both keys afghg being lit green. This sequence
was then repeated for Components 3 where bothwesss lit red for 10 min followed by
Component 4 with both keys lit green for 10 mincréss conditions, sound was associated
with responding on one key in each component aeskthvere the opposite keys across
components. For example, the left key when the kesre red and right key when the keys
were green. The alternate keys were not associatedound. Sessions lasted for 40 min.

Conditions were changed when the data had readtadstatistical and visual stability.
Statistical stability was reached when the medfagh@ proportion of responses for the last five
sessions was within 0.05 of the median calculatedhe five sessions prior. This had to occur
on five, not necessarily consecutive, sessionsus;Ta minimum of 14 sessions was required
for statistical stability. Once statistical stalgihad been reached, the graphs showing the
logarithms of the response and time ratios pladigainst sessions were visually examined. If
these data paths were deemed to be not trendemgyidirection (as judged by two or more lab
members) then the experimental condition was ctdinge

Before experimental conditions began the hens twaneed to respond at a stable rate
by gradually increasing the VI schedules and danadif the COD. The VI schedules were
gradually increased from VI 30-s VI 30-s and thelCitom 0 s to 3 s. Table 1.1 shows the
experimental conditions, the sounds played, thébdedB levels, and the side the noise key
was on for the red and green components. In Gonditl, 7, and 11, there were no sounds
associated with either key throughout the sessi@stween Condition 1 and 2, some
additional conditions were run with sound assodiatéh one key but over these conditions the
hens developed increasingly larger right key biagde left key was tested and it was found
that the force required for an effective peck wagingreater than the right key. As a result
the faulty left key was replaced. The data froesthadditional conditions are not reported.
Between Conditions 7 and 8, a series of sessions mua with unequal reinforcement rates.
These data are not reported. Between ConditioradidL 1 there was a break of 2 years in
which Experiment 2 was conducted. Hen 31 diedndyttiis period and did therefore not

complete Conditions 11-13.



After Condition 1, the white noise was initiallyts¢ 90 dB. This was continued for six
sessions and the sound level was then increasld8 for six sessions. The sound level was
then increased to 100 dB and when the behavioujwiged stable the condition was changed.
In Condition 2, the sound associated with theleft in red and the right key in green was the
sound of ‘hens feeding’ played at 100 dB. In Ct@inds 3 and 8, white noise at 100 dB was
associated with the left key in the red componantsassociated with the right key in the green
components. In Condition 4, this white noise wesoaiated with the right key in the red and
left key in the green component. In Condition§,5and 9, the white noise intensity was
increased to 105 dB. The white noise was assaciwith the red/left and green/right keys in
Conditions 5 and 8, and with the reversal of thi€ondition 6. The sound used in Condition
10 was the alarm call played at 100 dB and thisagasciated with left key in the red and the
right key in the green component. A food callyeldat 100 dB, was associated with the
red/left and green/right keys in Condition 12 alnel dpposite keys in Condition 13.

The data recorded for each hen for the red anchgre@mponents were: the number of
responses to the left and right keys, time (s) spEponding to the left and right keys, number
of reinforcements to the left and right keys, andber of changeovers. Individual component

data (components 1-4) were recorded in a sepalate f

Data analysis.

The raw data from the last five sessions of eadlition for each hen are given in
Appendix 1b. Data are described in sections addde only those taken from the last five
sessions of each condition.

Responding, changeovers, and response rates fpeatesl conditions using the same
sound (white noise), where the side of the sourydnkaes the same across components, were
averaged after analyses showed only small differemgth no consistent trends across
conditions or hens. For example, Conditions 3&bdth involved white noise at 100 dB and
these data were averaged. These data were napadewith the other white noise condition
(Condition 4) with the same decibel level becaligesbund was associated with different keys
in the components. Data from the three conditiitisout sound (Conditions 1, 7, & 11) were
not pooled because a consistent trend was seble nesponding across subjects and so the
individual conditions data are presented. For eAsmalyses and interpretation, Table 1.2
shows the condition names, condition numbers, sasedciated with the sound keys, decibel

level of the sound, and the key associated witimdan the red and green components.



Table 1.1
The order of experimental conditions, the typesoninds played in each condition, the decibel

level dB (A), and the location of the noise keysdrewn in each column for each condition.

Condition Sound Decibel Level Noise Key in
Number dB (A) Red/Green
1 None - -
2 Hens feeding 100 Left/right
3 White noise 100 Left/right
4 White noise 100 Right/left
5 White noise 105 Left/right
6 White noise 105 Right/left
7 None - -
8 White noise 100 Left/right
9 White noise 105 Right/left
10 Chick alarm call 100 Left/right
11 None - -
12 Food call 100 Left/right

13 Food call 100 Right/left




Table 1.2

Condition name, condition number, the types of deystayed in each condition, the decibel
level dB (A), and the location of the noise keysdrewn in each column for each condition.
Conditions are shown for white noise (WN), the maall (AC), the sound of hens feeding
(HF) the food call (FC) and for condition with nousd (NS).

Condition  Condition Number Sound Decibel Noise Key in
name Level dB (A) Red/Green
WN1 Mean of 3 and 8 White noise 100 Left/right
WN2 4 White noise 100 Right/left
WN3 Mean of 6 and 9 White noise 105 Right/left
WN4 5 White noise 105 Left/right

AC 10 Chick alarm call 100 Left/right
HF 2 Hens feeding 100 Left/right
FC1 12 Food call 100 Left/right
FC2 13 Food call 100 Right/Left
NS1 1 None - -
NS2 7 None - -

NS3 11 None -




Results
White Noise

Estimates of log] (noise bias) were calculated (Equation 6) by cornigi data from
response and time measures across Components3l(ged) and Components 2 and 4 (green)
for each session. Lagwas then calculated by taking half the absolutierdince between
these red and green combined data. These estiofdtegg, for both response and time
allocation data, were then averaged over theilasisessions and these means are presented in
Figure 1.3, which shows lagfrom all white noise conditions (Conditions WN1{dy each
hen. Points below the line at zero indicate a away from the key associated with white
noise and points above this line show a bias tosvenid key.

It is clear from Figure 1.3 that white noise biasieel responding of the hens, but less
noise bias was observed in the time allocated bimgemost hens. Noise biases (f)geen in
the response data were away from the sound keysdbthe 6 subjects (Hens 32-35) in all
conditions. Noise biases for the remaining 2 Hetens 31 & 36) were either away from the
keys associated with white noise or very closesto z The time allocation data did not show a
consistent trend across hens or conditions, witkenloias both towards and away from white
noise and generally close to zero for most hense €xception is Hen 34 who showed the
largest time allocation biases of the subject hawsy from the keys associated with sound.
The mean absolute difference between the responkenae allocation noise biases for all hens
was 0.12 and 0.13 for white noise at 100 and 105epectively.

As can be seen in Figure 1.3, when white noiseeag®d from 100 to 105 dB the noise
biases from responding generally increased fon3 lfldens 32-34). The remaining 3 hens
showed no consistent trend in noise biases acexsbal levels. The mean response noise bias
across hens was -0.13 and -0.18 for white noi¢@@t&and 105 dB, respectively.

A 3-s COD was in effect during all conditions andahalyse the effects of the onset of
white noise the estimates of Iggnoise bias calculated in the same manner as alrove the
response data after (post-COD) and during the C&iH-COD) were calculated. These
estimates are presented in Figure 1.4 for each Gemerally, the directions of these biases
were the same for both post- and within-COD es&sand showed a similar trend to the noise
biases from total responding seen in Figure 1.8) some exceptions. Two hens (Hens 31 &
36) showed noise biases in the post-COD data tenhrlkeys associated with white noise in
two white noise conditions, opposite to their toedponse data that was away from the keys

associated with white noise. There were, howelifierences between the post- and within-
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Figure 1.3. Estimates of log| (noise bias) for responses and time allocatiomiute noise
conditions at 100 and 105 dB (WN1-4), plotted fackehen. The error bars represent one
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COD estimates in terms of their magnitude. FordH&®and 34, estimates of lqdor post-
COD data tended to be larger than those from withenCOD but Hens 31 and 35 showed the
opposite, with generally larger values of lpgom the within-COD response data. The
remaining 2 hens (Hens 32 & 36) showed a similagmitade for both post- and within-COD
estimate of log. The mean absolute difference between the podtwathin-COD noise
biases was 0.09 across all hens.

To examine key bias the estimates of éq@quation 1) are presented in Figure 1.5 for
responding (left panel) and time allocation (rigahel), for each hen. These were the mean
ratios of responding taken to the left key loggedliie base 10) over the last five sessions.
This figure also displays the estimates ofhoggey bias calculated using Equation 5) for each
condition, indicated with an asterisk. Lbgs the point halfway between the red and green
components. The horizontal line at zero indicathsre ratios would be expected to fall if the
hens’ behaviour showed no biases.

The data across the two panels in Figure 1.5 fatber similar pattern for all hens. This
figure shows that the response and time estiméteg o were predominantly towards the
right key. A clear pattern can be seen where #ms Ishowed more responding and spent more
time responding to the right key in the red thamgheen component when it was not associated
with white noise (WN1 & WN4), and still showed maesponding towards the right key in the
green than in the red component when it was natcested with white noise (WN2 & WN3).
Thus, the hens distributed responses and timereliffiy depending on which key the white
noise was associated with.

The estimates of loly shown in Figure 1.5 give an indication of key Hasconditions
with white noise. If no key bias was shown lmgalues should be zero. When log below
zero, the bias was towards the right key. This thasase for most of these white noise
conditions. In three conditions (WN 2-4), thiswalwas above zero but still small in
magnitude for 1 hen (Hen 34). This plot also shtvas key bias varied somewhat in size
across hens and, for some hens, across conditions.

The mean number of changeovers (COs) per sesstbe ned and green components
across all white noise conditions are presentddguare 1.6 for each hen. This figure shows
that generally more COs occurred in the red compipmegardless of condition. It also shows
that 3 hens (Hens 33, 34, & 36) showed no systerdéferences in the number of COs across
conditions. However, the mean number of COs ferréimaining 3 hens (Hens 31, 32, & 35)

changed when the position of the sound key wagsedeacross conditions. These hens had a
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lower number of COs in components where the whoisenwas associated with the left key.
For example, Hen 31 performed fewer COs in thecoedponents when sound was on the
red/left and the green/right key (Conditions WNH &iN4). The opposite can be seen when
the sound was associated with the red/right aneingieft keys (Conditions WN2 & WN3) for
this hen. This shows that there may have beelatarship between key bias and the number
of COs for these hens. Across white noise conastithe mean number of COs ranged from
45 to 105 and there were no systematic differenees decibel level across all hens.

The local response rates to the sound and no daysdare presented in Figure 1.7, for
each hen. Local response rates were calculatéi/ioyng the number of responses on a key
by the time spent on that key only. These respaates were calculated to the left and right
key in each component (1-4) and then averaged .cayaponents for keys that were or were
not associated with sound. For example, the dadas for the sound keys is the average rate
of responding to the left key in the red componéht& 3) and the right key in the green
components (2 & 4). The local response rateslfdreas (with the exception of Hen 31 in
Condition WN2) were consistently lower on the solagls compared to the no sound keys.
Local response rates varied considerably across, hamging from 17 to 64 responses per min.
There were no consistent trends in response ratessaconditions and no consistent difference
between response rates for white noise at 100 @hdiR.

Overall, white noise, for both decibel levels, leidshe behaviour of the hens away
from the key associated with the noise. Acrossheme allocation noise biases (lggtended
to be smaller than those from responding. Thisnad¢lae hens divided their time between the
keys more equally, but responded at a lower ratenwthite noise was associated with one
key. The largest noise biases were seen in theGOPB response data, which followed similar
trends to the total response data. The within-C0Be biases were smaller than the post-
COD biases for 2 hens and in the opposite dire¢ao@ others. The largest biases were away
from white noise at 105 dB. The number of COsgesision showed no trend across conditions
for 3 of the hens, and the remaining 3 hens shaned/er number of COs in components
where sound was associated with the left key thamomponents where it was associated with
the right key. Local rates of responding showed hof 6 hens consistently responded at a

lower rate to keys associated with white noise.
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Sound Conditions

The estimates of log, calculated in the same manner as outlined fotentoise, for
response and time allocation data are presenteshfthr hen for the other sound conditions
(sounds of hens feeding (HF), the chick alarm @&l), and a food call (FC1 & FC2)) in
Figure 1.8. Hen 31 died and did not complete domd with the food call. Generally, smaller
noise biases were observed in the response andl&itador the sounds of hens feeding and the
alarm call than for both food call conditions. Ffigure also shows that values of ppr
responding tended to be larger than those from dithoeation for most hens. This difference
was typically small with a mean absolute different@.06 across conditions and subjects.

Generally, there were only small noise biases dway the keys associated with the
sounds of hens feeding, where the largest respaise bias was -0.13 and the mean response
bias across hens was -0.08. The time allocatigserimases for 4 hens (Hens 31, 32, 34, & 36)
were also away from the keys associated with tusd, but towards it for 2 hens (Hens 33 &
35). However, most of these time allocation nbisses were also small, with the largest bias
being 0.05.

When the alarm call was associated with the soayd,knoise biases for responding and
time allocated to responding were close to zerafost hens, a similar result to the sounds of
hens feeding. Log estimates for the response data were away frorketyg associated with
the alarm call for 4 hens (Hens 32, & 34-36) anmdHens 31 and 33 they were equal to and
very close to zero, respectively. The directiothef time allocation noise biases for all hens
were the same as those seen in the response xtapt éor Hen 31 who showed a small time
based noise bias towards the key associated vathlénm call. The largest noise bias shown
across both measures for the alarm call was -h@88re mean noise bias across hens for the
alarm call was -0.04. Estimates of lpdpr responding were smaller for the alarm calhtha
those of the sounds of hens feeding for all hesgsgixHen 35.

In the food call conditions, there were typicallyder noise biases for all hens (especially
in FC1) than were shown for the alarm call or sauoithens feeding. Four of the 5 hens
(Hens 32, & 34-36) showed both response and tifoeatlon noise biases away from the food
call in both food call conditions (FC1 & FC2). Tlegest of these noise biases was -0.32 and
-0.26 for responding and time allocated, respelstivéhe remaining hen (Hen 33) also
showed response noise biases away from the soysdrkboth food call conditions.

However, time-based noise biases for this hen wmaler and were towards the sound keys in
the second food call condition (FC2). Most hersngdd larger noise bias in the first (FC1)
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than the second food call condition (FC2), excegt B3 whose response-based bias increased
in the second (FC2). This was evident in the mease bias across conditions, which were -
0.17 and -0.07 for the first and second food aatiditions, respectively. For both food call
conditions combined, the mean noise bias was -0.14.

As with the white noise conditions, Figure 1.9 skdhe differences between estimates of
log g (noise biases) from responding after and withen@®©D for the other sound conditions,
for each hen. In general, the noise biases fdr batasures followed the same pattern as the
total response data (Figure 1.8). Here, more bkawed larger noise biases in responding post
the COD compared to the within-COD biases acrosditions. The difference between these
post- and within-COD noise biases was generallyddor 3 hens (Hens 32, 34, & 35) and was
largest in the food call conditions. For Hen 3ithim-COD noise biases were away from the
keys associated with sound while post-COD biases wosvards the keys associated with
sound. For Hen 33, post- and within-COD noisedsasere generally similar across sounds.
For Hen 36, within-COD biases were larger than{&8D biases for the sounds of hens
feeding and the alarm call, with larger post-COsadiases for the food call. For Hen 36,
within-COD biases were larger than post-COD bidsethe sounds of hens feeding and the
alarm call, with larger post-COD noise biases e fiood call.

Figure 1.10 shows the estimates of tpgvhich were the logged (to the base 10) ratios of
responses (left panel) and time allocation (rigirigd) in the red (filled circles) and green
(unfilled circles) components, taken to the lefy kelotted for each hen. Estimates of lng
(key bias calculated using Equation 5 in the samg as above) are also plotted in Figure 1.10
(asterisk). This figure shows that estimates gfcléollowed a very similar pattern for the
response and time allocation data for each hereadd sound. Across conditions, subjects
predominantly showed response and time allocatgynbkases (lodp) towards the right key
except in conditions when the food call was playelden 2 hens (Hens 34 & 35) showed left
key biases.

In general, the response and time allocated essadtloge for the sounds of hens
feeding and the alarm call were towards the rigihyt & close to zero and little difference was
seen between responding in the red and green canisnEstimates of Idgfor the sounds of
hens feeding and the alarm call gave biases #letoight key or close to zero for both
response and time allocation data. When a foddwes associated with the sound keys,
Figure 1.10 shows that this sound biased the bebawf the hens differently from the

previous two sounds, and key bias also changedséood call conditions. In both food call
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conditions, estimates of Idgand logc for response and time allocation varied in sizeé an
direction across hens. When conditions were redefsom Condition FC1 to FC2), the
direction of the time allocation and response esti@$ of logc also reversed for all hens.
Across the two food call conditions, Hens 33 andi3@wed estimates of Idgtowards the
right key while Hen 34 showed the opposite, ke biavards the left key. In both food call
conditions, estimates of ldgfor the remaining hens (Hens 35 & 36) were claseetro for
both response and time allocated data.

The mean number of COs per session in the red r@@h gomponents for all sound
conditions are plotted in Figure 1.11, for each.h&oross conditions, the mean number of
COs in both components showed no systematic chdogelt hens except Hen 34. This hen
performed more COs on average in the red compaoneen the sound was on the left
(Condition HF, AC and FC1) and when the sound lexersed more COs were seen in the
green component (when the sound was again onfthe Téne lowest number of COs can be
seen for the alarm call with the highest numberegaliy shown for the sounds of hens feeding.
Across the sound conditions, the mean number of @@ged from 23 to 102.

The local rates of responding to the keys thaeeitiad sound or no sound are plotted in
Figure 1.12, for each hen. Here, 3 hens (Hen831& 35) consistently responded slower on
the key associated with sound across conditiorés Was also shown by Hen 32 except for the
second food call condition (FC2) where this herwsdtbequal response rates to both sets of
keys. The difference between response rates teotined and no sound keys for these hens
tended to be smaller than the differences seenwhite noise. For the remaining hens (Hen
34 & 36), no consistent trend in local responsesatas seen across conditions and response
rates to both sets of keys were fairly similar.r Fmst hens, the highest local response rates
were seen for the sounds of hens feeding, witlatest rates seen for the alarm call. Across
these sound conditions, local response rates rang@d to 76.

On the whole, noise biases varied substantiallgsscthese sound conditions. Noise
biases for the response and time allocation datadzaomewhat across hens but were
generally smallest for the alarm call and largestlfie food call. For 3 hens, noise biases from
post-COD responding were generally larger than fwathin-COD responding and tended to
follow the same pattern as the total response déty.biases (lodp) also varied across these
conditions and most hens showed right key biasegpt in both food call conditions where 2
hens showed left key biases. The mean number ef&®@ local response rates (per min) for

these sounds showed no consistent trends acrodgiocnsa or hens.
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Conditions Without Sound

Data obtained in the conditions without sound (Gomals NS1, NS2, & NS3) can
provide one measure of key/side bias (g These estimates of Idigare equivalent to the log
c estimates (overall bias) in these conditions. pjtiat estimate logarithms of the ratios for the
red (filled circles) and green (unfilled circle®naponents can be seen in Figure 1.13. Ratios
of responding are presented in the left panel eme &llocation in the right panel for all
conditions without sound, for each hen. The hantabline at zero indicates where the
response ratios would be expected to fall if theshbehaviour showed no biases.

Estimates of log for responses and time allocation followed a smglattern for all
conditions, for each hen. The data across comditieas also in the same direction for most
hens and key bias decreased across conditionsfioréd and green components. One
exception to this trend is the estimates ofddgr Hen 34, which increased again in the last
condition without sound (NS3). This figure als@®is that 4 hens (Hens 31-33 & 35)
responded more and spent more time respondingtoght key in both the red and green
components for all three conditions, indicatingght key bias. Responding for the remaining
2 hens (Hens 34 & 36) showed biases towards the key for the first two conditions without
sound (NS1 & NS2). However, in the third conditisithout sound (NS3) biases for Hen 36
were close to zero for both measures and for Hene3é4 towards the left key for both
measures. Logfor all response data ranged from 0.73 to -0.58sa&call hens, and for the
time allocation data ranged from 0.15 to -0.51.

The mean number of COs per session in the red r@®th gomponents for all conditions
without sound was examined and the data showedmgistent pattern across conditions for all
hens, and so are not presented here. Generalyelan number of COs in the red and green
components was similar for most subjects, with éaweptions. The mean number of COs
ranged from 24 to 106 across hens. Overall, the del not show a tendency to change keys
in one component more than the other when soundhetaassociated with either key.

The local response rates in conditions without dotmred/left and green/right keys and
the green/left and red/right keys, were averageosaacomponents (in the same way as above)
and are presented in Appendix 1c. These locabresprates followed no consistent trend
across hens and no pattern was seen within conslitiBlowever, the level of response rates to
the keys did vary largely across hens with ratagirag from 17 to 86. All hens responded at

consistent rates to both sets of keys.
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Generally, in conditions where no sound was assetiaith the keys, there was a
decrease in the magnitude of bias across conditovredl hens. There were also consistent
right key biases shown for 5 of the 6 subjectsthdugh the mean number of COs and the local
response rates varied in degree across hens,rittessires showed no consistent patterns

across conditions.

Comparison of Results

Comparisons of the data from all conditions shouledr differences for some of the
measures of behaviour reported here. For exar@plens showed the largest noise bias @log
for white noise at 105 dB while for 3 hens a largias was shown away from the food call.
The least bias was with the alarm call for 5 oud slubjects. Moreover, there were larger
differences between the response and time allotaBtmates of log for the white noise
conditions than for the other sound conditionsr rkse bias from responding within and post
the COD, in general a larger bias was shown iptie-COD data for both white noise and
other sound conditions. This difference betweest-qand within-COD responding was also
larger when the degree of the noise bias from tetgdonding was also large.

For the white noise conditions the hens tendedhémge keys less often in components
where the sound was associated with the left kéywever, this was not obvious for
conditions with the other sounds, nor was any patieen in conditions where no sound was
played. Generally, the average number of COsgxrsian was lowest for the alarm call and
highest for the sounds of hens feeding and whiteenegardless of decibel level). All hens
tended to respond at lower rates to the keys agsocwith white noise, but no systematic
effects were seen with the other sound conditid®assponse rates for conditions without sound
tended to be higher than in conditions with souwvith the lowest response rates seen for the
first food call condition.

Different degrees of noise bias in the hens resipgm@sulted from the different sounds,
and so it was possible to rank each sound for aoh These ranks ranged from the largest
response bias (log) away from the keys associated with sound (Rartk 1)e least bias (Rank
5), either zero or towards the keys associated satind. Table 1.3 shows these rankings for
all conditions with sound, for each hen. Heream be seen that for half of the hens the food
call was ranked first, whereas for the other hdiiternoise (at 105 dB) was ranked first. White
noise at 105 dB was also ranked second for 3 hahgave larger biases than white noise at

100 dB. The sound producing the least bias anthdteank most often was the alarm call.



Table 1.3.

Ranks for each sound used, based on the noiseslfiase response data, ranging from largest
bias away from the sound (1) to the least biasias bowards the sound (5), for each subject.
Note: the * indicates a positive noise bias, tovgattte sound key. The sounds shown are white
noise at 100 dB (A)(WN100) and 105 dB (A) (WN1&3%plarm call (AC), the sounds of hens
feeding (HF) and a food call (FC). As Hen 31 dosfiore completing the food call conditions,

n/a is shown for Rank 5.

Hen Rank 1 Rank 2 Rank 3 Rank 4 Rank 5
31 WN 105 WN 100 HF AC n/a
32 FC WN 105 HF WN 100 AC
33 WN 105 WN 100 FC HF AC*
34 WN 105 WN 100 FC HF AC
35 FC WN105 WN 100 AC HF

36 FC WN105 WN 100 HF AC




In summary, the results presented here indicateathide noise at 100 and 105 dB and
the food call gave the largest effects on the nedjpg of the hens. The least effect of sound on
behaviour was seen with the alarm call. Many eftiens also had right keys biases over the

course of this experiment.

Discussion

The performance of the hens in this experimenngai multiple-concurrent schedule of
reinforcement procedure) was biased by most souillis was also evidenced by McAdie
(1998) and McAdie et al. (1993, 1996). The dir@ctdf this bias was mainly the same across
hens but the degree of bias caused by the sounigs \aeross hens, showing that degrees of
sound preferences were inconsistent. Generallyastfound that the sounds used in this
experiment for these hens were either neutra) (ienoise bias) or not preferred but none of
the sounds used here were shown to be preferregxpected, the hens showed the largest
noise bias away from the keys associated with wiotse (when played at 105 dB). Within
subjects, white noise also had a different effectesponding compared with other sounds, as
shown by a difference in response and time allonatbise biases and lower local response
rates to keys associated with white noise. It @igeected that the sounds of hens feeding,
which was similar to the sounds of hens in a consrakpoultry shed used by McAdie et al.
(1993, 1996), would bias the responding of the lzavesy from the sound keys. This was
shown to be so but the biases were smaller thasetivdth white noise. Although it was
expected that the food call may be a sound prefdryenens, it was found here to bias the
responding of most hens away from keys associatidtbut generally to a lesser degree than
white noise also. Generally, all hens showed Vigtg bias away from the keys associated
with the alarm call when a mixture of results wapested.

Using multiple-concurrent schedules McAdie (1998)rfd that results with white noise
were different from those found with other soungdvitAdie et al. (1993). This led McAdie
to suggest that white noise had different effeat®ehaviour to other sounds she examined.
The present findings confirm the results of McAdre others and showed that white noise
affected behaviour differently to the other sounHiere, noise biases from response and time
allocation were different for white noise but tdifference in magnitude was not seen for other
sound conditions or in those without sound. Wearalod Burgess (1982) reported that studies
using concurrent-schedules typically find measofagsponse and time allocation to be

comparable (e.g., Bron, Foster, Sumpter and Ter2plg3; Foster, Sumpter, Temple, Flevill &



Poling, 2009; Temple, Scown & Foster, 1995). ka pinesent experiment, there was little
difference between response and time allocatiosenioiases in conditions with other sounds
(excluding white noise) and in conditions withoatiad, which is consistent with this previous
research. Given that the difference in responddiare measures was not likely to be due to
the procedure, as it was not seen with any southds than with white noise, it appears that
white noise affected the behaviour of hens diffdByenWhen examining the effects of aversive
stimuli the differences between response and tifoeadion measures may give another
indication of aversiveness.

White noise played at 105 dB was generally thet lpaegerred of all the sounds when
compared to no sound, in that it showed the langeise biases and the highest rank of 1 or 2
for most subjects. White noise also produceddhgelst mean noise bias and was ranked as the
least preferred by 3 hens. Calculating the antiioine white noise biases here suggests that
the hens would generally prefer to work in sileiceand 1.5 times more than working in the
presence of white noise at 100 and 105 dB, resfadygti This finding is consistent with
McAdie (1998), who also found noise biases awagnfkeys associated with white noise and
the size of these biases increased with the deleibel. Another finding consistent with
McAdie was that local rates of responding were loarekeys associated with white noise,
compared to other sounds. It has been well doctedehat an aversive stimulus, such as
electric shock, suppresses responding previousigtaiaed by reinforcement (e.g., Azrin,
1956; de Villiers, 1980; Farley, 1980). McAdie ogfed that this suppressing effect suggested
that white noise was, in effect, punishing key geakd thus functioning as an aversive
stimulus. It seems that for the hens used in thegmt experiment white noise also had a
similar aversive effect.

The noise biases resulting from white noise fouae hended to be larger than those
found by McAdie (1998). Across hens and conditiosisg the same decibel level the
response-based noise biases from McAdie’s henkjsmtbin the same way as this experiment,
gave a mean noise bias of -0.05 for 100 dB an@420105 dB. For white noise in the
present experiment there was a mean noise bi&1d for 100 dB and -0.18 for 105 dB. Both
of these values were at least double those fourdddAdie. It is unclear why these differences
occurred as the same procedure and analyses vegie us

There was a difference between the response aedatiotated noise biases for white
noise, in that the noise biases from the time tatded to be closer to zero, with larger biases

shown in the response data. This is consistehttivé results found by McAdie (1998). These



differences were also reflected in the local respaates where lower responding was seen
towards the keys associated with white noise coatptr conditions without sound. This
finding indicates that when the white noise wastba,hens responded at a lower rate to the
sound key but still spent a relatively similar ambaf time on both keys. This was an unusual
finding as the response data indicated that the responded more to the keys without sound,
compared to those associated with white noisetitmat allocation data showed very little
effect of white noise. It was suggested by McAdig298), who observed a similar effect, that
white noise may have reduced the reinforcing valude VI schedule in effect, thus resulting
in the lower local response rates and smaller biasthe time allocation data. This provides
further evidence of the aversiveness of white noise

For white noise, noise biases for post-COD respuanut the presence of noise tended
to be larger than the within-COD response biasddlas was different from the findings of
McAdie (1998). McAdie found generally larger nolsiases in the within-COD data with
white noise. Larger biases from post-COD comp#weslithin-COD responding were also
found with the food call. However, the within- apdst-COD noise biases for the alarm call
and the sounds of hens feeding were quite simifageneral, research using concurrent
schedules that has examined COD data has founet laia@ses in the post-COD responding,
when compared to the within-COD responding (e.gonBet al., 2003; Temple et al., 1995).
Temple et al. found that behaviour during the CO&3 wsensitive to reinforcement rate
changes and their results supported the conclusibBaum (1982), who suggested that
within-COD data should not be included in analysfeshoice behaviour. Bron et al. also
found little sensitivity in the within-COD measurekbias resulting from different food types
with possums. These findings are more similahtsé found in the present experiment and it
is unclear why McAdie’s hens, which may have itiyiagtopped responding at the onset of
white noise, showed larger response biases durngOD.

The direction of the noise biases in respondingwshioere with the various sounds
(food call, alarm call, and the sounds of hensifegdvere not all as expected. The food call
was a sound that was expected to be preferrededyahs but estimates of noise bias indicated
that it was not preferred by most hens when congptarsilence. The food call also resulted in
larger noise bias than white noise for 2 hens aasl also a sound ranked the least preferred by
3 hens. Other research has found that male fdtelataact hens (Gyger & Marler, 1988;
Marler et al., 1986). However, Wilson and Evar@l®@ found that hens were indifferent when

presented with a video playback of food callingesand Evans and Evans (1999) found that



hens did not approach a speaker playing a maledalbd It may be that the playback of the
food call in the present experiment was not repcedwas a sound that hens recognise as
signalling the presence of food. The food call ais® not played at a decibel level
representative of a live food call, or that usedther studies. For example, 70 dB (A) was
used by Evans and Evans (1999) and 10 dB (A) abagkground noise (approximately 65 dB
(A)) was used by Field et al. (2007). In addititre hens used in this study had not had any
previous experience with a male’s food call, ptmthis experiment, and this may be why they
did not find it a positive sound. Conceivablymay have been the frequency (Hz) or the
rhythm of the sound that was not preferred forehesns because the food call is a sound that
consists of only one repetitive pulse (Collias &£901953).

The sounds of hens feeding (Condition HF) biased#sponding of 4 hens, but these
noise biases tended to be smaller than those wiite woise or the food call. This recording
was used as it was deemed by this author to beikssound to the one (the sounds of hens in
a commercial poultry shed) used by McAdie et @9Q) and MacKenzie et al. (1993) and,
therefore, was expected to give rise to largerenbiases. McAdie et al. found that their sound
produced the largest bias in behaviour when congp@arether sounds they used. In re-
calculating logg from McAdie et al.’s data, in the same mannehaspresent experiment
(using Equation 6), the mean noise bias for the@gaid hens in a commercial poultry shed at
100 dB (A) was -0.17 across hens; whereas the imearshown here was -0.08. The results of
McAdie et al. are more comparable to the presesult®of white noise at 105 dB. In addition,
MacKenzie et al. played their sound at 90 dB (AJ atill found that hens spent a significant
proportion of time with this sound off while theuler intensity used here did not produce
biases in responding under concurrent schedulks.sdunds of hens feeding was also given a
rank of 3 or 4, thus having only a small effectto@ behaviour of the hens here. Thus, this
sound was generally found to be only somewhat depssl to silence and noise biases were
smaller than expected. One possibility is thatsihend used in the present experiment was not
as similar to the one used by McAdie et al. or MacKe et al. as hoped.

The alarm call proved to be the sound that hadeth&t affect on responding in the
present experiment. The noise biases resulting flos sound were very small, averaging only
-0.04, and this sound was given the highest rards{preferred compared to the other sounds)
for 5 of 6 hens. It was expected that this soundld/produce a neutral or perhaps even a
preferred outcome. Hughes et al. (1982) and Go{li852) both found increased vocalisations

in hens when they were exposed to the playbadk®thick alarm calls. However, this would



not necessarily indicate a preference for the sowslpreviously mentioned, MacKenzie et al.
(1993) found that half of their hens showed a redu&sponse to the playback of an alarm call,
while the other half chose to spend the majoritthefr time with this sound off. This is
somewhat similar to the results reported here. edeer, the intensity of the alarm call used
here (100 dB (A)) appears to have had less effeth® behaviour of the hens than found by
MacKenzie et al, who used a lower intensity sol@@dB (A)). It was also possible that had
the subjects used here been broody hens, as udé¢aghes et al. (1982), the outcomes may
have been different. For a future experiment,atild be interesting to compare the responses
of broody and non-broody hens to chick’s alarmscalorder to confirm this theory. Overall,
the findings here showed that the alarm call hitleé kffect on the behaviour of the hens and
appeared to be a sound they were indifferent ten evhen played at a high intensity.

A right key bias was shown by all hens in this eXpent and it is unclear how much
this may have confounded the effects of sound spareding. As evidenced from the graphs
plotting logc (Figures 1.5 and 1.10), in most conditions theas & strong right key bias for
responding in both the red and green componentaémy subjects. Although there were
reversal conditions conducted for some soundsad elear that behaviour was not equivalent
in these conditions. The evidence for this waswshim the estimates of lag which did not
deviate as far from zero in the reversal conditionke key bias also appeared to be related to
the number of changeovers per session for 3 hdmerena lower number of COs occurred in
components where white noise, and other soundsofoe hens, was associated with the left
key. Otherwise, the number of COs per sessiomaidhow any systematic differences
between components across all conditions, as wesifby McAdie (1991, 1998).

One disadvantage of playing sound in the multigleetirrent schedules procedure was
that the sound was played during the choice ph@ikes meant that the sound being played
may have interfered with the hens’ responses asdrthy in turn have affected which key the
hens responded to. In the present experimentpta¢rates of responding on the keys
associated with white noise were lower than on kiegswere not associated with white noise.
It may have been that white noise turning on catisedhens to startle or freeze. This effect of
sound on responding means that the sound may leredonfounding response allocation in
concurrent schedules, thus the procedure may wetreflected hens’ preferences for sound.
Using a procedure that allows the subject to chbeseeen alternatives associated with
stimuli that are not present during the choice phvasuld eliminate this problem. One such

procedure is the concurrent-chains procedure, wtocid be used to assess preference for



different stimuli that are not present during th#ial choice phase. It is also a procedure that
can be easily applied to assess the effects ofdsonrchoices.

In conclusion, this experiment showed that whits@@and a food call had the greatest
influence on the behaviour of the hens as thesedsoresulted in the largest biases in
responding. Based on the present findings, wlateerwas found to be aversive and no sound
was preferred over the food call. The alarm callegthe least effect on the hens’ responding,
proving to be a stimulus they were indifferent the results reported here were generally in
line with previous research. While the presenteeixpent, which employed the multiple-
concurrent procedure, was successful at showingfteets of sounds that were aversive,
unpreferred and neutral, it did not identify anwiso that was preferred by the hens. A
disadvantage identified in using multiple-concutrechedules here was that the presence of
sound during the choice phase affected the ratespionding in the presence of white noise,
thus possibly confounding response allocation nreasin concurrent schedules. The
concurrent-chains procedure could overcome thiblpno and is a procedure that has been
used previously with domestic hens (Tannahill, 20@4d in the assessment of sound
preferences (Otsuka et al., 2009). The next exygari used this procedure and assessed
preferences for the same sounds using the samectsiliherefore any results could be

compared back to those of the present experiment.






EXPERIMENT 2

Multiple-concurrent schedules used in Experimealldwed for the assessment of
hens’ preferences for different sounds. In Expentrl, however, local response rates were
shown to be lower on keys that were associatedwdiite noise. This indicates that the
presence of sound may have been interfering wiharding. The concurrent-chains
procedure overcomes this limitation by allowing siubject to choose between two schedules
available in the initial-links that lead to anotisehedule during the terminal-link where the
sound is present. In this arrangement sound snalalsiring the choice phase. Concurrent-
chains can also be applied to assess the effestsuofls on choice behaviour. Therefore, the
principal aim of this experiment was to assessepegice for the same sounds used in
Experiment 1, using the concurrent-chains procedtites was done in order to compare the
effects of sounds presented in the terminal-linkglmoices the hens make in the initial-links of
the concurrent-chains procedure with the effectsooids on responding found using multiple-
concurrent schedules in Experiment 1.

The concurrent-chains procedure involves the seanelbus presentation of two
schedules, termed the initial-links, one associatithl each key. Instead of leading to a
primary reinforcer on one key the initial-link schge is followed by another schedule on that
key, termed the terminal-link schedule, that mestbmpleted in order for the subject to gain a
primary reinforcer (Autor, 1960). Responding dgrthe initial-link was suggested by
Herrnstein (1964) and Autor (1960) as a measupraierence for the terminal-link schedule,
and the terminal-link stimuli (i.e., different coleed keys) are generally regarded by them as
conditioned reinforcers.

Concurrent-chains procedures have been extensigely to examine the effect of rate
of, or delay to, reinforcement on animals’ choic&&uch of the research in this area has
resulted in the development of mathematical modtscally derived from the GML (Baum,
1974), to account for behaviour under the conctxclains procedure. For example, Fantino
(1969) conducted an experiment with pigeons wheeeoverall rate of primary reinforcement
was kept constant but the schedules in the inaiadt terminal-links differed. It was found that
the initial-link that led to the shorter terminaik was preferred by the pigeons. This
experiment by Fantino led Squires and Fantino (18 @levelop thelelay reduction theory
(DRT) to explain performance on concurrent-chaimesitiles. The DRT states that the

terminal-link stimulus associated with the greatesuction in time to primary reinforcement



would be preferred in the initial-links. Other nabslfor behaviour under concurrent-chains
also include théyperbolic value-addethodel (Mazur, 2001) and tle®ntextual choice model
(Grace, 1994). Thus far, no consensus has beeheg@about which of these models best
describes behaviour under concurrent-chains butlong that seems clear is that the terminal-
link stimuli are assumed by these authors to fancéis conditioned reinforcers.

Conditioned reinforcers have been widely studiedi@darly since the 1960's. A
conditioned reinforcer is a previously neutral stius that has been paired with a primary
reinforcer a number of times and has thereforeaghihe ability to strengthen responding. For
example, the onset of a tone may indicate that feitidollow thereafter and therefore the tone
signals food. Conditioned reinforcers have bedimee as signals to primary reinforcers and
are considered by some to take on the propertipgrogry reinforcers (see Kelleher & Gollub,
1962, Shahan, 2010, and Williams, 1994, for rev)evidore recently, researchers have moved
away from the traditional views of conditioned fertement, suggesting that conditioned
reinforcers ‘signpost’ or signal food, rather tHanction as reinforcers themselves (Davison &
Baum, 2006; Shahan, 2010). This means that tiggpsest’ or signal becomes a reliable
predictor of reinforcement. To this end, condigdmrreinforcers will be referred to as signals
throughout this thesis.

The concurrent-chains procedure has been usedsambnto examine preferences for
these signals (Dunn & Spetch, 1990; Fantino, FrResston & Williams, 1991; Grace &
Savastano, 2000; Williams & Dunn, 1991). O’Dalyeyér and Fantino (2005) used both
concurrent and concurrent-chains schedules to affiseeffects of the overall initial- and
terminal-link durations (temporal context) on treue of conditioned reinforcers (signals).
Although they found similar results using these sgbedules, they suggested that they
measured different effects; concurrent-chains assethe relative strength of a stimulus as a
signal while concurrent schedules assessed thalsigalue and were more effective at
eliciting responding. Only a small number of sasdhave used concurrent-chains to assess
preferences for other stimuli in the terminal-link@ example, the presence of other hens
(Tannabhill, 2004), electric shocks of various isigies (Rachlin, 1967; Schuster & Rachlin,
1968) and various sounds (Otsuka et al., 2009nndlaill used equal initial- and terminal-link
schedules in a modified concurrent-chains procettuexamine the effects of the presence of
another hen on the subject hens’ response ratite iimitial-links. In Tannahill’'s experiment,
the terminal-links were a fixed delay where subjesns spent time next to another hen that

was either dominant or subordinate to them. It feaad that the hens’ responding in the



initial-links was biased by the presence of congjsdn the terminal-links and that social
preferences varied across subjects.

In another study using concurrent-chains, Racil@6{) also used equal initial- and
terminal-link schedules in a three key experimesseasing the effects of electric shock
intensity on the behaviour of pigeons. During élxperiment different intensities of shock, that
were independent of responding, were associatddeaith terminal-link schedule. The
findings showed that relative rates of respondimthe initial-link were greatly affected by
shock in the terminal-links, where pigeons respdnadatively more on the key associated
with the lowest shock intensity. These experimshtswved that initial-link responding could
be biased by other stimuli in the terminal-linkather than just by reinforcement rate or delay
differences.

To date, only one study has examined the effecés @uditory stimulus incorporating
the use of the concurrent-chains procedure (Otstikl, 2009). After showing that six rats
could discriminate between two different types afsio, Otsuka et al. used a standard
concurrent-chains procedure with VI 30-s schedinéke initial-links with a 2-s COD and
equal Fixed Interval (FI) 7-s terminal-link scheekul In their experiments, music or a sound
was played in each terminal-link and so a choidhéninitial-links was always between
terminal-links that both contained some type ofitug stimulus.

In their second experiment, Otsuka et al. (2008yqdl music by Bach in one terminal-
link and from Stravinsky in the alternate termifiak and white noise and a conspecific
vocalisation were played in the terminal-links lo¢ir third experiment. The rats showed no
preferences in the initial-links when pieces of mailxy Bach or Stravinsky were played in the
terminal-links. Conversely, the ratio of termitialk responding for 2 subjects was towards the
terminal-link associated with music from Bach, fosubject it was towards the terminal-link
associated with music from Stravinsky while the aerng rats showed equal ratios of
responding to both music types. When white norgd® conspecific vocalisations were
played in the terminal-links, all rats now showegdi& rates of responding in both terminal-
links. Responding in the initial-links, howevenosved that most subjects preferred the initial-
link key that led to the terminal-link with whiteise. From this, Otsuka et al. concluded that
music was a poor reinforcing stimulus for rats.e Buthors suspected that food may have been
interfering with responding in the initial-links @mo resolve this issue they conducted an
extinction session. In this extinction sessionnstsuwere still played in the terminal-links but

no food reinforcement was provided. After findimg difference between the previous session



and the extinction session, Otsuka et al. concludatithe concurrent-chains procedure was
effective in detecting relative reinforcing or asi®e properties of sound.

The concurrent-chains procedure has been usedd¢gsapreferences for stimuli in the
terminal-link schedules, including auditory stim{@itsuka et al., 2009). Thus, it seems
reasonable to conclude that it would be an effegbrocedure for examining domestic hens’
preferences for different sounds. Itis also aedure that allows the assessment of
preferences for stimuli associated with sound withthe sound being played during the choice
component. Therefore, the following experimentedno determine if responding in the
initial-links could be biased by sound in the taratilinks and in a similar manner to that seen
in Experiment 1. It was also the intention to assghether the terminal-link responding would
be affected by the presence of sounds.

The procedure used equal VI Vl initial-link scheskiand FI terminal-link schedules
where a sound was associated with one terminal-$iakoss conditions. When using the
concurrent-chains procedure, experimenters haea ofed FI schedules in the terminal-links
(Davison, 1974; Killeen, 1970). The temporal pattef an FI schedule was described by
Dews (1978) as a ‘break-and-run’ pattern, wherauwse is followed by a constant rate of
responding. This was supported by Schneider (1868)Sherman (1959, cited in Schneider,
1969), who suggested that under shorter FI schedidetypical scallop pattern is replaced by
the ‘break-and-run’ pattern. Although this is thegtern expected in single Fl schedules, it is
unknown if this same pattern occurs during theffd terminal-link as few studies have
reported on the pattern of responding in the teairinks.

Independent initial-link schedules were used ingtesent experiment for ease of
comparison with other data from Experiment 1. Theans that the timing of the VI on one
key was independent of the timing on the altermsakiery and although this may result in
unequal obtained reinforcement rates, it is a compractice in concurrent-chains studies. It
has also been shown that there are relativelg liifferences between overall results from
dependent and independent initial-link schedulesifjfo & Royalty, 1987). A 3-s COD was
also used in the initial-links of the present expent in order to compare the responding
within and post the COD directly with that seerExperiment 1. Although this arrangement
has not been typically employed in earlier studigisag concurrent-chains (Alsop & Davison,
1988), it has been shown that using a COD may editeisome terminal- and initial-link

interactions, thus making GML analyses more sttéogivard (Davison, 1983).



O’Daly et al. (2005) found similar results whenngsconcurrent and concurrent-chains
schedules to assess the value of conditioned rear® (signals). Therefore, in the present
experiment it was predicted that hens’ respondinttpe initial-links would be biased by the
presence of sound in the terminal-links and instame direction as the biases found in
Experiment 1. That is, generally away from mostr&ts with the largest degree of bias away
from the terminal-link associated with white no#e the least amount of bias for the alarm
call. Response biases from within-COD respondiegevexpected to be smaller than those
from the post-COD data, as no sound present meantasponding would be more typical of
concurrent schedule post- and within-COD respon(irgn et al., 2003; Temple et al., 1995).
For the terminal-links, it was predicted that sowualld affect responding in the same way as
Experiment 1. The rate of responding in the teatlimks with white noise was expected to be
lower than those found with other sounds. It was axpected that a period of pausing would
occur at the beginning of the FI schedule followgda constant rate of responding until a
reinforcer was delivered. It was the intentiortéonpare any biases obtained in the initial- and
terminal-links (calculated in the same manner gselirnent 1), with the noise biases found in

Experiment 1.

Method
Subjects
The subjects were the same as in Experiment Iedinghder the same ethical protocol
(Ref: 639). Hen 31 died, of causes unrelatedecettperiment, after the completion of
Condition 6.

Apparatus

The apparatus used was the same as in Experimesthihe following exceptions.
The keys were now both backlit by a white LED (‘MRRrand SX6 Midget Flange 28-V dc
LED, from Farnell Electronics™) and each key had blue or yellow LED. The white noise
was relayed by a white noise generator (made by-REe#", model no. ANL-912) that
produced broadband random frequencies between RGakHz. For Conditions 1-2 of the
present experiment, the amplifier used was the semesed in Experiment 1 but this was
replaced during Condition 3 to a Yamaha™ AX-892uxatSound Stereo Amplifier with a
power output maximum of 115 watts rms, and frequeasponse of 0+ 0.5 dB, over the range
of 20 — 20,000 Hz.



Procedure

The experiment used a concurrent-chains procedréhe start of each session the
two keys were illuminated white and each key waseaiated with a VI 60-s schedule of
reinforcement that was programmed to time indepethge A 3-s COD was in effect during
these initial-link schedules. This meant thatiéamforcer was due on one key a switch to that
key would not result in a reinforcer until the firesponse that occurred after 3 s had elapsed.
Once the timing of one VI had elapsed on a kepinitial-link, a response to that key caused
the key colour to change and the terminal-link scihebegan. A Fl 10-s schedule of
reinforcement was in effect during the terminakland one terminal-link was associated with
sound across experimental condition. During tihiteal-link the alternative key light was
turned off and that key was inactive. The left kgiit changed to blue and right key light
changed to yellow throughout all experimental cands. The first response after the FI had
elapsed caused the magazine to be raised foARar reinforcement, the initial-link schedules
restarted with both keys lit white. Sessions la$te 40 min and one session was conducted
for each hen on a day. At the end of each dagdbed dB was tested in the same manner as
in Experiment 1.

Since the hens had previous experience respoodicgncurrent schedules of
reinforcement, no training was required. Becaugedf the subject hens (Hens 31 & 33) had
developed strong right key biases during Experinetiiey were initially exposed to unequal
schedules during the initial-links. The initiatki schedules for Hen 31 and 33 were VI 30-s
left versus VI 90-s on the right key for four andensessions, respectively. The right key
schedule was then increased to VI 120-s for 7 eessind then finally to VI 150-s for eight
sessions before both were made equal. Conditiens ehanged when the data from the
initial-links had reached both statistical and aisstability, using the same criterion as in
Experiment 1.

Table 2.1 shows the experimental conditions, thmds played, and the decibel levels
dB. In some conditions, a sound was associatddan¢ of the terminal-link schedules.
Because the subjects had previous experience atedunds during Experiment 1, sounds
were not introduced gradually. In Conditions 17512, and 15, there were no sounds
associated with either terminal-link key throughthg sessions. This was done to obtain
measures of key bias. In Conditions 2 and 11¢hiek alarm call was associated with one

terminal-link schedule only (the right yellow kay Condition 2 and the left blue key in



Table 2.1
Table showing experimental conditions, the typesoahds played in each condition, the
decibel level dB (A), and the terminal-link assé&iawith noise in each condition are shown in

each column for each subject in Experiment 2.

Condition Sound played Decibel level dB (A) Terminal-link
number with noise
1 None - -

2 Chick alarm call 100 Right
3 White noise 100 Left
4 White noise 100 Right
S None - -

6 White noise 105 Left
7 None - -

8 White noise 105 Right
9 Hens feeding 100 Left
10 Hens feeding 100 Right
11 Chick alarm call 100 Left
12 None - -

13 Food call 100 Left
14 Food call 100 Right

15 None - -




Condition 11), and was played at 100 dB. Oncéhtreentered the one of these terminal-links,
the sound was played and remained on until the nagjavas raised.

In Conditions 3, 4, 6 and 8, white noise was plagedng one terminal-link schedule.
The noise was played at 100 dB in Conditions 34irdthe left and right terminal-links,
respectively. In Conditions 6 and 8, white noisesylayed at 105 dB, again in the left and
right terminal-link schedules respectively. In @dions 9 and 10, the sounds of hens feeding
was played at 100 dB in the left (Condition 9) émeh right terminal-links (Condition 10).

The sound played in the terminal-link schedule anditions 13 and 14 was the food call and
this was played at 100 dB in the left and rightrieal-links, respectively.

The data recorded for each hen were; the numb@spbnses to the left and right keys
in the initial- and terminal-links, the proportiohresponses to the left key in the initial-links,
time (s) spent responding to the left and rightskieythe initial and terminal-links, the number
of reinforcements (terminal-link entries) on th& End right keys, the number of COs, and

total session time.

Data analysis.

The raw data from the last five sessions of eadidition for each hen are shown in
Appendix 2a. Data from the initial- and terminigikis were described separately below and
include data taken from the last five sessiondlafoaditions. Responding across conditions
that did not contain sound in the terminal-link®{@itions 1, 5, 7, 12, & 15) did not show any
systematic changes across conditions or subjedtthanefore these data were pooled. These
pooled data are presented in the figures belowtlamdata from the individual conditions
without sound for each measure of behaviour aregmted in figures that are shown in
Appendices 2b to 2d.

Results

Initial-link Behaviour

Noise bias for responses and time allocation.

Estimates of log] (noise bias) were calculated (Equation 6) by cornigi data from
response and time allocated measures across théasessions from reversal conditions that
had the same sound in one terminal-link. ogas calculated by taking half the absolute
difference between these combined data from releosaitions. These estimates of lpgor

response and time allocation data, are presentégume 2.1 for all conditions where sound
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Figure 2.1. Estimates of log| (noise bias) for responding and time allocatiothminitial-

links over conditions where white noise (WN100 &N105), the alarm call (AC), sounds of
hens feeding (HF), and the food call (FC) were @thiyn one terminal-link, plotted for each
hen. The error bars represent one standard davieither side of the mean ratios.



was played in one terminal-link (Conditions 2-48611, 13, & 14), for each hen. Points below
the line at zero indicate a bias away from theahlink key associated with the terminal-link
that produced sound and above the line at zemwiarts this initial-link key. 1t is clear from
Figure 2.1 that biases varied considerably acrosditons and hens. The only sound that
resulted in consistent biases across hens wasatlectll, where all hens showed varying
degrees of bias away from the initial-link key lgagto the terminal-link containing sound.
Another consistency across subjects was that ggntéra differences between the response
and time allocation data were small across subggaisconditions.

When one terminal-link contained white noise at @#B0(WNZ100) initial-link noise bias
differed across hens: Two hens (Hen 34 & 35) shioavbias away from the initial-link key
leading to noise, while the others showed a biagatds it, although very small for Hens 31
and 33. The highest initial-link bias was 0.10 #mellowest was -0.12. When the white noise
intensity increased to 105 dB (WN105), the sizéhefresponse and time allocation biases
increased in magnitude for 3 hens (Hen 31, 33, RaBd for the remaining hens the noise
biases were similar in magnitude to those seewlfite noise at 100 dB. The highest and
lowest initial-link biases for white noise at 10B dere 0.10 and -0.29, respectively.

Conditions where the alarm call (AC) was playedryione terminal-link resulted in
large noise biases in the initial-links for 2 héxs these were in opposite directions. Half of
the hens (Hens 32, 33, & 35) showed biases away the key leading to the terminal-link
with sound, which were all larger in magnitude tilamse seen for white noise; the largest bias
of these was -0.40. For the remaining subjectsi$t, 34, & 36), initial-link noise biases
were towards the key leading to the terminal-linthvthe alarm call, and although 1 hen had
response biases close to zero the other 2 hensdHarge positive biases; the largest noise
bias was 0.42 and represents a bias towards thadsegiated with sound. When the sounds of
hens feeding (HF) was played in one terminal-lmkise biases in the initial-link were
generally small across hens where the highest vi&saeihd the lowest was -0.05. The food call
(FC) conditions resulted in negative estimateogfj for all hens, where the largest of these

was -0.27 and the smallest was -0.01.

Noise bias for within- and post-COD responding.
Figure 2.2 shows the estimates of tpfpr initial-link responses post and within the

COD. These were calculated in the same way asmespand time allocation data, for
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conditions where a sound was played in one ternfiimial and are plotted for each hen. Across
hens and sounds this figure shows that post-COfbre biases for 3 hens (Hen 31, 34, & 36)
were larger than those from within the COD, andame conditions much larger. For at least
1 subject in each condition, the within-COD biasese in the opposite direction to the post-
COD biases. The post-COD biases followed the daend as the total-response noise biases
from the initial-link (Figure 2.1). In the whiterse conditions (WN100 & WN105), lagy

values for within-COD responding were generallgé&arthan in the other sound conditions,

which tended to be small.

Local response rates.
The local responses rates were calculated by diyitie number of responses on each initial-
link key by the time spent on that key. Theselloesponse rates are presented in Figure 2.3
(white noise) and Figure 2.4 (no sound and othends), for each hen. These figures show the
local response rates to the left and right iniiisits keys when sound was played in either the
left (L) or right (R) terminal-links, or no soundaw played (NS). Across all conditions in
Figure 2.3 and 2.4, 3 hens (Hens 31, 33, & 36) &uothve same pattern of response rates.
Response rates for the remaining hens changedsawote sound conditions but there was no
consistent pattern to these response rates. Huerad, there was generally no change in local
response rates when the sound changed from thie I right terminal-link. Local response

rates in the initial-links of conditions withoutwsad (NS) were comparable to those with sound.

Estimates of Logc and reinforcers obtained.

Estimates of log are presented in Figure 2.5 for conditions withteshoise and in
Figure 2.6 for conditions with no sound, or whehastsounds were played in the left (L) and
right (R) terminal-links, for each hen. These lagarithms of the mean ratios of responding
over the last five sessions taken to the left KElyese figures also display the logarithms of the
ratio of reinforcers obtained, taken to the lefy,kadicated by an asterisk. The horizontal line
at zero indicates where ratios would be expectédlltd the hens’ behaviour showed no biases
(i.e., no key bias) and if the same number of cetdrs was obtained on both keys. Points
above the line indicate a bias towards or mordoeters obtained on the left key.

As indicated from the noise bias estimates ¢Jag Figure 2.1), hens reversed their
response ratios when the condition reversed anadseas in the left and then the right
terminal-link. What is of interest in Figures 26d 2.6 was not the reversal of behaviour

across reversal conditions but the degree to wiaitths deviated from zero, which was where
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circles) initial-link keys for conditions when whinoise (at 100 and 105 dB) was played in
either the left (L) or right (R) terminal-links,qited for each hen.
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Figure 2.4. Local response rates (per min) on the left (ilk&rcles) and on the right (unfilled
circles) initial-link keys for conditions when nownd (NS), the alarm call, the sounds of hens
feeding, and the food call were played in eitherlgft (L) or right (R) terminal-links, plotted

for each hen.
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Figure 2.5. Estimates of log for responses (filled circles) and time allocat{anfilled

circles), taken to the left key, in the initial#ifior conditions when white noise was played in
either the left (L) or right (R) terminal-link, pted for each hen. The ratios of reinforcers
obtained are indicated by an asterisk. The efas kepresent one standard deviation either

side of the mean ratios.
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Figure 2.6. Estimates of log for responses (filled circles) and time allocat{anfilled

circles), taken to the left key, in the initial#ifior conditions when no sound (NS), or the alarm
call, the sounds of hens feeding, and the foodveaie played in either the left (L) or right (R)
terminal-link, plotted for each hen. The ratiog@hforcers obtained are indicated by an

asterisk. The error bars represent one standaidtiba either side of the mean ratios.



ratios would be expected to fall if no bias wasveto Both Hens 31 and 35 consistently
showed right key biases across conditions. Hete®@ed to favour the left key in some
conditions while Hens 33 and 34 showed a mixturkegfbias, either towards the left or
towards the right keys. Hen 36 showed very Ik#g bias across conditions.

Although the VI schedules operating in the initiaks were equal, the ratio of
reinforcers obtained on both keys was not equalssoronditions. For 3 hens (Hen 32, 34 &
35) the ratio of reinforcers obtained varied acmssonditions. For Hen 31, more reinforcers
were generally obtained on the right key and ferrdmaining hens (Hens 33 & 36) the
numbers of reinforcers obtained on each key wdatively equal across conditions. The ratio
of reinforcers obtained shows a similar patterthtoratio of responses and time allocation (in
terms of direction) across conditions. Howeveg, riditio of responses and time allocation were

always larger in magnitude than the ratio of reicéos obtained.

Changeovers.

The mean numbers of COs per session were exammukedra shown in Appendix 2e
(white noise conditions) and Appendix 2f (no soand other sound conditions). All hens
generally performed more changeovers when soundgss&xciated with the right terminal-link

but across conditions there was no consistent tnbsdrved.

Sound ranks.

In order to compare the hens’ individual resporteg¢le sounds across the two
procedures, concurrent-chains and multiple-conatisehedules (Experiment 1). The sounds
were ranked based on the initial-link noise bidsreges (logy) from responding and these
ranks are shown in Table 2.2, for each sound. |I3itgest bias away from the sound was given
a rank of 1 and the least bias or bias towardsdl@d was given a rank of 5. Four hens here
showed initial-link biases towards the terminaklassociated with a sound, which were
different sounds across hens, and these are ieditgtan asterisk. Ranking sounds showed
no consistent pattern across hens. For exam@ealdnm call was ranked first for 3 hens and
was ranked last for the remaining 3 hens. Theenmise conditions at 100 and 105 dB also
showed inconsistent ranks among the hens. Thedalb@as the only sound showing some

degree of consistency, rankelf fr 4 hens and ranked' for the remaining hen.

Summary.
In summary, conditions where sound was played éterminal-link did not result in

consistent noise biases (Igpin the initial-links across hens (Figure 2.1)nlYDone sound



Table 2.2.

Ranks for each sound, based on initial-link respdnases (log q), ranging from largest bias
away from (Rank 1) to the least bias or bias towate initial-link key leading to sound (Rank
5), shown in each column for each subject. Ndte*tindicates a positive initial-link bias,
towards the initial-link key leading to the sounthe sounds shown are white noise at 100 dB
(WN100) and 105 dB (WN105), an alarm call (AC),4bends of hens feeding (HF) and a food
call (FC). As Hen 31 died before complete somelitioms, an n/a is shown for some ranks.

Hen Rank 1 Rank 2 Rank 3 Rank 4 Rank 5
31 WN 105 WN 100 AC n/a n/a
32 AC FC WN105* HF* WN100*
33 AC FC HF WN100* WN105*
34 WN105 FC WN100 HF* AC*
35 AC FC WN105 WN100 HF

36 FC WN105* HF* WN100* AC*




(food call) resulted in noise biases all in the salmection across subjects. The post-COD
noise biases reflected those seen in the totabnsgpdata and tended to be larger, and for 3
hens much larger, than the within-COD noise biasesal rates of responding seen in the
initial-links for individual hens were generallyetlsame across all conditions and did not
change when the conditions reversed. The estinohleg c (Figures 2.5 and 2.6) showed that
2 hens had consistent right key biases, but teatlitection of other hens’ key biases varied
across conditions or were very small. Howevesgpite of the key biases shown by some hens,
noise biases (log) were still observed. For all hens, the ratiseshforcers obtained followed

a similar pattern to the ratio of responses inittiteal-links but were smaller in magnitude.
Finally, the ranks given to each sound showed eonisistent pattern across hens (Table 2.2)

with the food call being the only sound to shownailar rank across hens.
Terminal-link Behaviour

Terminal-link bias.

As sound was played during the terminal-link schedil 10 s) it was possible to assess
the effects of the sound playing on their ratesesponding. Differences in responding in the
left and right terminal-links can be seen using &opn 6 (typically a measure of noise bias).
To calculate this bias, the number of responsesah terminal-link was first divided by the
number of terminal-link entries on that side, besgatihe number of entries was not equal. The
number of responses per entry on the left wasdingded by the number of responses per
entry on the right, and then logged (to the bage T@is calculation gave a measure of the
degree of difference between responding in theiterinks across reversal conditions. In
this thesis, this change in responding is termeaitinal-link bias’. Figure 2.7 shows the
terminal-link biases for conditions where a soura$wlayed during one terminal-link, plotted
for each hen. Points below the line shows thatlesponding occurred in the terminal-links
with sound than in the terminal-link without sowsmt that this pattern reversed across reversal
conditions.

Figure 2.7 shows that for all hens, and in mostld@ms, terminal-link bias was away
from the terminal-link that contained sound. Aa@snditions where white noise was played
in one terminal-link, all hens (except Hen 31 foNT\0) showed a terminal-link bias away
from the terminal-link with sound but the degredto$ bias varied across subjects ranging

from 0.06 to -0.37. For the alarm call, soundbeais feeding, and the food call conditions all
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Figure 2.7. Estimates of terminal-link bias from respondirgoss reversal conditions that
contained white noise (WN100 and WN105), the aleath(AC), sounds of hens feeding (HF),
and the food call (FC) in one terminal-link, platt®r each hen. The error bars represent one

standard deviation either side of the mean respaisss.



hens showed a terminal-link bias away from the teaidink associated with sound, with the
exception of Hen 34 who showed a bias towardsahmibal-link with the alarm call (AC).

The terminal-link biases for the alarm call weraeyally smaller than for the other sounds,
ranging from 0.10 to -0.21. For the sounds of Heading, terminal-link bias ranged from -
0.18 to -0.34 and for the food call terminal-linkages were all negative and ranged from -0.16
to -0.52.

Local response rates.

Figures 2.8 and 2.9 show the local response matéileft (L) and right (R) terminal-
links that contained white noise (Figure 2.8) amddonditions with no sound (NS), the alarm
call, the sounds of hens feeding, and the food(Eajure 2.9), plotted for each hen. The
response rates were calculated by dividing the ttsber of responses in a terminal-link by
the total time spent in that terminal-link. Respemates in many conditions were lower in the
terminal-link containing sound and this pattern a@mad when conditions reversed and sound
was associated with the left and then the rigmhitesl-link. An exception to this was the
response rates for Hens 31 and 35, who had righbikeses and predominantly responded at a
higher rate in the right terminal-link regardle$€ondition. Figures 2.8 and 2.9 show that
when any sound was playing in the terminal-link lleas tended to respond at a lower rate.
This was so in 41 out of 54 cases. The mean hesplonse rates in the terminal-links with and
without sound (across subjects) are shown in T2l3e Except for the alarm call condition, it
was clear that response rates were lower wherotiredsplayed during the terminal-link
compared to when the terminal-link was without shuihe largest difference in mean local
response rates between the terminal-links withvaitttbut sound was for the food call (a
difference of 11) and the smallest difference veadlie alarm call. For the terminal-links that
contained sound, the lowest average rates werefeethre food call and the sounds of hens
feeding. Response rates in the terminal-link witrepund were comparable to the rates shown

for conditions with no sound.

Terminal-link duration and entry pauses.

Under FI schedules, a pause in responding is thpisaen at the start of the schedule,
after a reinforcer. As a Fl schedule was usedértérminal-links of this experiment, it may be
that the duration of this pause was affected byteeence of sound. Although the schedules
in effect in both terminal-links were equal, if then paused for a long time or responded at a

low rate the duration of terminal-link could berieased. In the present experiment a pause
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Figure 2.8. Local response rates (per min) on the left (filbe&rcles) and on the right (unfilled
circles) terminal-link keys for conditions when wéhnoise (at 100 and 105 dB) was played in
either the left (L) or right (R) terminal-links,qited for each hen.
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Figure 2.9. Local response rates (per min) on the left (ilké&rcles) and on the right (unfilled
circles) terminal-link keys for conditions when sound (NS) or the alarm call, the sounds of
hens feeding, and the food call were played ireeithe left (L) or right (R) terminal-links,

plotted for each hen.



Table 2.3

Table showing the mean local response rates (pey mithe terminal-links where a sound was
or was not played, shown in each column for eaciditimn.

Sound in Response rates (per min) in Response rates (per min) in
terminal-link terminal-link with sound terminal-link without sound
No sound - 22ef) 22 (right)
White noisetoo dB 17 20
White noisetos dB 12 20
Alarm call 20 21
Hens feeding 11 21

Food call 8 19




that occurred after the terminal-link began is tedma ‘terminal-link entry pause’. The mean
terminal-link duration and terminal-link entry passare presented in Figure 2.10 and Figure
2.11 in conditions when sound was played in thiededl the right terminal-link, for each hen.
Figure 2.10 shows data from conditions with whibése and Figure 2.11 shows data from
conditions with no sound, the alarm call, soundkesfs feeding, and the food call. The shaded
area indicates the mean terminal-link entry paueg,the pause that occurred before the first
response in the terminal-link. The whole heighthaf bar shows the mean duration of the
terminal-links (s). Given that a FI 10-s schedués in effect, the mean duration of the
terminal-links was expected to be slightly londaart 10 s, at the height indicated by the
horizontal dotted line.

Itis clear from Figures 2.10 and 2.11 that terraiimk entry pauses varied
considerably across subjects and conditions. Thgsees also show that across reversal
conditions hens paused for longer in the termiimddsl that contained white noise in 6 out of 11
cases and in 8 out of 15 cases for the other sourois2 hens (Hen 31 & 35), pauses were
consistently longer in the left terminal-link acscal conditions, except in both food call
conditions Hen 35 gave longer pauses in the teldimathat contained sound. Pausing for
the remaining hens varied with many hens showimgistently longer pauses in the terminal-
link containing sound across reversal conditions.

The duration of the terminal-links, also shown igufes 2.10 and 2.11, varied
somewhat across conditions and hens. Genera#lyjuhation of the terminal-links was not
equal across conditions but rather for most heofien followed the same pattern as the entry
pauses. For example, in the alarm call conditldes 32 paused for longer and spent longer in
the terminal-links where sound was played. Anoth&resting aspect of these figures was that
when a hen paused for a long time the terminaldimkations were frequently longer than the
FI 10-s requirement. This was particularly eviderthe food call conditions for all hens,
especially when the sound was played in the rigimhinal-link.

The mean terminal-link durations and terminal-lerkry pauses (across subjects) are
presented in Table 2.4 for each condition. THxetahows that in all conditions, except the
alarm call, the mean terminal-link entry pausesewenger in terminal-links with sound than
those without sound. The mean duration of theiteahlink was also always longer when the
terminal-link contained sound, for all sounds. TDiggest differences between terminal-links

with and without sound can be seen for the fool] aalifference of 3.7 s for the mean entry
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Figure 2.10. Mean terminal-link duration (full height of thats) and terminal-link entry pause

(s) (shaded bars) in the left and right terminalksi for conditions when white noise was played
in the left (L) and the right (R) terminal-linkdpfted for each hen.



15+ A

31 [ JLeft 32
BN Right
10+ i 1] f

—

£ L

O 5 |

U) -

S

©

[a

>

2, ml N L

- 15

= _ _

c

= 33 34

C (| _

it -

T 10 1

>

(@) L

= L

£

= 5 L .

©

£

Q

= 0 U

c

8 15+ -

2735 - 36
10,,i,,,ji,,,ij,,:i,,f,, s s I O = 5 O O 1 I A A
5, |
of—J N Cw | CH I I -

NS L R L R L R NS L R L R L R
Alarm Call Hens Feed Food Call Alarm Call Hens Feed Food Call
Condition

Figure 2.11. Mean terminal-link duration (full height of thats) and terminal-link entry pause
(s) (shaded bars) in the left and right terminalksi for conditions when no sound (NS) or the
alarm call, the sounds of hens feeding, and thd &adl were played in the left (L) and the right

(R) terminal-links, plotted for each hen.



Table 2.4

Table showing the mean terminal-link entry pausesthe terminal-link durations for

terminal-links with and without sound. These mpanses and durations are shown in each
column for all conditions.

Sound in Pause in Pause in terminal-  Duration of Duration of
terminal-link terminal-link link without terminal-link terminal-link
with sound (s) sound (s) with sound (s) without sound (S)
No sound - 6.%eft) 5.3 (right) - 10.8efty 11.1 (right)
White noisetoo dB 7.4 6.0 11.8 10.9
White noisetos dB 8.1 6.3 11.9 11.2
Alarm call 6.0 6.3 11.2 10.9
Hens feeding 7.9 5.4 11.4 10.8

Food call 9.5 5.8 12.5 11.3




pause duration and a difference of 1.2 s for thamterminal-link duration. The food call

resulted in the longest average terminal-link daregt and entry pauses.

Summary.

In summary, response rates in the terminal-linkgaaing sound were lower than
those where no sound was present and than th@saditions without sound. Figure 2.7
showed that in most conditions there was a terslinklbias away from the terminal-link that
contained sound. These biases were largest intangwith the food call and white noise at
105 dB. Moreover, lower local response rates whovn in terminal-links that contained
sound and this also reversed when the conditioressed. Terminal-link entry pauses tended
to be longer in those terminal-links that contaisednd and these terminal-links were also
generally longer in duration. The longest meamygpauses and terminal-link durations were

during the food call conditions.

Comparison of Initial- and Terminal-link Responding

The sounds had effects on the ratios of resporidibgth the initial- and terminal-links.
However, the direction of noise biases shown inniftel-links was sometimes opposite to the
direction of any terminal-link biases. Only 1 hgten 35) showed noise biases away from the
initial-link key leading to sound and a terminaiKibias also away from this terminal-link, for
all sound conditions. In 9 out of 28 cases hensvsld lower response rates in the terminal-link
with sound compared to the terminal-link withoutisd (which gave a negative terminal-link
bias) and an initial-link bias towards this terntiiak. For example, Hen 36 responded at a
lower rate in the terminal-links that contained t@moise (at both intensities) but showed a
small initial-link bias towards these terminal-l;mkSome subjects did also show initial- and
terminal-link biases in the same direction, in 15 af 28 cases. It was clear that for some
subjects the effects of sound on responding were iwlovious when the sound was present

(terminal-link) than when it was absent (initiat).

Comparison of Results with Those From Experiment 1

Table 2.5 shows the estimates of noise biasdJdgom Experiments 1 and 2, for each
sound and subject. In this table, positive noiasds, towards the sound keys, are represented
in bold. There were only a few similarities in tthegree and direction of the noise biases
across experiments. In Experiment 1, all hens skdoavbias away from the key associated

with white noise at both decibel levels, whereasitiitial-link biases in the present experiment



Table 2.5

Comparison of noise bias estimates (log q) for eadbject hen from Experiment 1(E1) and
Experiment 2(E2). Bias estimates for each souedshown in each column; white noise at 100
dB (WN100) and 105 dB (WN105), the alarm call (Ak9,sounds of hens feeding (HF), and
the food call (FC). Positive bias estimates (todgathe key associated with sound) are shown

in bold. Note: The cross indicates where no datagven because Hen 31died.

Sound Condition

Hen WN100 WN105 AC HF FC
El E2 E1 E2 E1 E2 E1 E2 E1 E2
31 -0.071 -0.008 -0.091 -0.140 -0.001 -0.003 -0.075 + + +

32 -0.087 0.086 -0.155 0.073 -0.074 -0.397 -0.114 0.074 -0.198 -0.201

33 -0.169 0.031 -0.251 0.102 0.014 -0.252 -0.099 -0.048 -0.099 -0.131

34 -0.275 -0.121 -0.345 -0.287 -0.040 0.423 -0.132 0.005 -0.115 -0.272

35 -0.170 -0.064 -0.189 -0.061 -0.080 -0.217 -0.020 -0.022 -0.225 -0.165

36 -0.083 0.102 -0.050 0.051 -0.030 0.108 -0.030 0.056 -0.071 -0.010




were generally closer to zero or positive. Theralaall resulted in very small biases in
Experiment 1 while in the present experiment |drigeses were seen that were both towards
and away from the keys associated with sound, acuisjects. Estimates of lggn
Experiment 1 for the sounds of hens feeding wdneegjative although for the present
experiment values of logwere positive for 3 hens, but these estimates | across both
experiments. The food call was the only sound @/lestimates of log across both
experiments were all in the same direction, buseheried in degree. When comparing the
response-based noise biases across the two expesjroat of 28 cases the direction of noise
bias was the same in 13 cases, in opposite dirsctinl10 cases, and in the remaining 5 cases it
was very close to zero in one experiment. Finallyen the hens did show a noise bias in the
same direction across the two experiments, the raignof this bias was often larger in
Experiment 1 than in the present experiment.

The lowest response rates shown in Experiment & imehe presence of white noise
but in the present experiment the lowest rateberpresence of sound (terminal-links) were for
the food call. The low response rates for the foaltlwere a result of the longer terminal-link

entry pauses that occurred for this sound.

Overall Summary

Estimates of log| (noise bias) shown in the initial-links of the peat experiment were
inconsistent across subjects and differed condidigran both direction and magnitude, from
the noise biases shown in Experiment 1. Termin&lBiases shown in the present experiment,
however, were generally consistent across subgectsaway from the terminal-links with
sound. Although the local response rates in thialinks did not differ across sounds, in the
terminal-links rates of responding were lower weeand was present, for all sounds except
the alarm call. In Experiment 1, the lowest laedés of responding were in the presence of
white noise but in the present experiment they Wesest in the terminal-links containing the
food call. The food call also gave the longestrage terminal-link durations and entry pauses
and was the only sound where all subjects showesd timases in the same direction in the

initial-link.

Discussion
The concurrent-chains procedure used in the pres@eriment resulted in initial-link
noise biases that varied substantially in directiod degree across conditions and hens.

Contrary to predictions, responding in the initiaks was not biased in the same direction, or



to the same degree, by sounds that had also bedrpusviously in Experiment 1 in a
concurrent procedure. In Experiment 1, only 1 sleowed a positive noise for one sound only
and here 4 hens (Hens 32-34 & 36) showed inittd-hiases that were positive (towards the
key leading to sound). It was expected that lowaers of responding would be seen in the
terminal-links with white noise compared to thep@sse rates in the terminal-links with the
other sounds used, however, the lowest rates vengrsin terminal-links with the food call.

As predicted, a pause occurred at the start oftisghedule in the terminal-links and
unexpectedly, the duration of this pause was ateby the presence of sound and was longest
for the food call.

Initial-link Behaviour

Based on previous research with hens (McAdie, 18@Rdie et al., 1993, 1996), the
results of Experiment 1, and those of O’Daly e{2005) it was assumed that the direction of
initial-link biases for any given sound would hdeen similar across hens. However, only for
the food call sound did all hens show a preferémdke initial-links away from the terminal-
link associated with that sound. For the remairsiognds, half of the hens showed preferences
towards the initial-link keys that led to a souadd the other half of hens showed preference
away from the initial-link keys that led to a sountlis unclear why inconsistent preferences
were shown here when the direction of preferencé&speriment 1 were more consistent
across subjects. It may be that measures of cluisiog the concurrent-chains procedure were
confounded by other variables (to be discussed)late

A possible reason for the hens’ inconsistent pegfees in the initial-links could be that
sound in the terminal-links was less effectiveiasimg responding than it had been when
present during the choice phase in ExperimentHe ificonsistent preferences found here were
similar to those found using a similar procedu@is(ka et al., 2009). Otsuka et al. found that
rats’ preferences in the initial-link differed assosubjects when sound was associated with
both terminal-links. However, Rachlin (1967) fouthet non-contingent electric shock in the
terminal-links of a concurrent-chains procedureagiyaenfluenced responding in the initial-
links of all pigeons. This study by Rachlin showlkdt an aversive stimulus could bias the
responding of all subjects in the same directiodeura concurrent-chains procedure. The lack
of common effects across hens seen here suggaststiite noise used in the present

experiment was not as aversive as an electric shbokthe hens in the present experiment



gaining access to food outweighed the effects wigom the presence of white noise, which
was thought to be aversive.

There were differences observed between the na@asedof Experiment 1 and the
present experiment. Here, 4 hens showed biasesdevhe initial-link keys that led to a
terminal-link with sound in the concurrent-chaimegedure but not in concurrent schedules. In
Experiment 1, the direction of noise biases shomaeheu concurrent schedules were more
consistent across subjects. In addition, wherditeetion of noise bias across the two
procedures was the same, biases from Experimeamidkd to be larger than those from the
present experiment. The two procedures gave diffaesults and so it is difficult to draw
conclusions about which procedure reflects the dquaferences of hens. The direction of
noise biases in Experiment 1 were consistent acuggcts and similar to previous findings
using the same procedure (McAdie, 1998; McAdid.etl893, 1996). The biases were also
predictable from other data on hens’ reactionsftereént sounds (e.g., Mackenzie et al., 1993).
Noise biases in the present experiment were instargiacross subjects as were the results
from Otsuka et al. (2009) and both sets of theseltewere difficult to interpret, for example,
not as predictable for what is known about henstr@as to sounds. More confounds could
also be identified in the concurrent-chains procedian in concurrent schedules, such as
unequal obtained reinforcement ratios and unequ@atidns of the terminal-links. Given all of
these considerations concurrent schedules migatrbere sensible procedure for future use
when assessing sound preferences.

In the present experiment, although the scheduaiasrof reinforcement were
programmed to be equal the obtained ratios of seteinent were not always equal across
conditions. This may have helped bias respondirtbe initial-links towards the key
producing higher reinforcement rates. When usmgpendent concurrent schedules, subjects
can choose one key schedule exclusively by allogatil of their behaviour to that schedule.
Thus, subjects may not always obtain equal ratesioforcement. This finding is not
uncommon when using independent schedules in thal-limks and as Snyderman (1983)
points out “both the problem of terminal-link ducat and that of unequal terminal-link entries
are common to most concurrent-chains experimept438). Killeen (1972) suggested that it
is the obtained reinforcement ratio that influensgissequent behaviour, as opposed to the
scheduled reinforcement ratios. This suggestsithiéie present experiment greater obtained
reinforcers on one key may have led to greateroehfair that alternative, thus causing key bias

and confounding measures of noise bias. If thisewe case then interpretations of tpg



which are based on the GML and which assume thatredal reinforcers are equal, must be
made with caution.

Although the ratios of reinforcers obtained mayéafluenced the responding of hens,
sound preferences were still evident. Initial-llmkses tended to reverse when the sound in the
terminal-link changed from one terminal-link to thider and this usually resulted in a reversal
of the ratio of reinforcers obtained. Furthermame;onditions without sound equal numbers of
reinforcers were obtained on the left and rightskelf the number of obtained reinforcers were
having a greater influence than sound on respaigesythen in conditions without sound it
was likely that obtained reinforcers would haverbaeequal, and they were not. Further
evidence of the effect of sound was that the ratfaesponding tended to be larger than the
ratios of reinforcers obtained. This effect is ogipe to undermatching, which is a tendency to
respond more on the alternative delivering the fonate of reinforcement, which is typically
seen in studies using concurrent schedules (We&dgurgess, 1982). Thus, it appears, from
the present results, that sound had a greatett @ifeesponding than the number of reinforcers

obtained.

Terminal-link Behaviour

In general, patterns of responding during the teatdink FI schedules differed more
systematically when sounds were present or absantresponding in the initial-links, and
these patterns in the terminal-links reversed wdwditions reversed. In most cases, local
response rates were lower in terminal-links that@med sound and, unexpectedly, pauses in
the terminal-links with sound were longer thanha terminal-links without sound, with the
exception of the alarm call.

The effect of the presence of sound on the respgridithe terminal-links was clear.
All subjects displayed quite different rates ofp@sding during each terminal-link FI schedule.
The change in responding, when conditions reveasedhe sound was in the left and then the
right terminal-link, can be quantified. This camthought of as terminal-link bias in the same
way as when response rates differ in multiple suolesdthey can be referred to as bias (Barron
& Davison, 1972). This measure (Figure 2.7) inthdahat the hens responded more in the
terminal-links without sound, in 26 out of 28 casawd this pattern has reversed across reversal
conditions. This was similar to the response rataa Experiment 1 but the initial-link noise
biases were often towards the key that led todfmainal-links with sound. Thus, the effect of

the presence of sound on responding in the terriimked was similar to the effects shown in



Experiment 1. However, the noise biases acrossmb@&xperiments were generally
inconsistent. It appears that when performanceuoancurrent-chains and concurrent
schedules is compared, responding in the terminlgs;| rather than the initial-links, is
comparable. It seems clear that choice was affetiteerently depending on whether sound
was present (Experiment 1) or absent (initial-linkshe present experiment) during the choice
phase.

The local rates of responding in the terminal-limiexe lower in the presence of sound.
When any sound was played in the terminal-linksedovates of responding occurred in 42 out
of the 54 cases. Clearly, sound in the termimddislowed or delayed the hens responding.
This finding was similar to Experiment 1, where enocal rates of responding were shown on
keys associated with white noise compared to thag®ut noise. Although in Experiment 1
response rates were lower on keys associated lathther sounds, the difference between
responding to keys associated with and without @suvas only small. Reed and Yoshino
(2008) found that when using concurrent schedula$efiloud tone suppressed responding in
rats and this effect increased when the reinforegrsehedule was lean. The authors
concluded that the loud tone served as a punigtimylus for the operant behaviour of these
rats. In addition, Rutter et al. (1993) found tthet sound of a conveyor belt suppressed
responding of hens on a VR schedule and concludsdhis sound was aversive to hens.
McAdie (1998) found lower response rates when witise was present during hens
responding and suggested that hens find white @vigesive. As previously outlined, this
suppression of responding is a common effect daleet@resence of an aversive stimulus (e.g.,
Azrin, 1956). It appears that terminal-link resgimy was suppressed by sound in the present
experiment, particularly by the presence of thelfoall but also by white noise and the sounds
of hens feeding.

Another possible explanation for the lower respogdn the presence of the sounds
found here may be that the hens were engagingheraoehaviours. Evans and Evans (1999)
found that hens fixated their heads downwards vgheyed the recording of a food call. It has
also been shown that hens were attracted to anddrtowards a rooster’s food call (Marler et
al., 1986). It was possible that, during the feall conditions at least, the hens may have been
engaging in foraging behaviours elicited by thedf@all rather than responding to the keys,
thus reducing response rates. Unfortunately, & m@ possible to confirm this hypothesis as
the hens were not videoed in experimental sessiohs is recommended that future studies of

this type do so.



In studies using FI schedules in the terminal-lieky have reported on the ‘terminal-
link entry pause’. This was the pause in respanditer the FI terminal-link had been entered.
In the present experiment, in 41 out of 54 casestgr pauses occurred in the terminal-links
with sound. It seems that these longer pausesauer¢o the presence of the sound as shorter
pauses were observed in terminal-links without sloubavison (1974) studied behaviour
under single chain FI FI schedules and found thatiial-link pauses consumed a greater
proportion of the schedule than the FI terminak-lrauses. Davison suggested that the
difference in pausing between the initial- and teahlinks was likely due to the primary
reinforcement available in the terminal-links beingre effective at maintaining responding.
Upon inspection of Davison’s data, the terminaklemtry pause was calculated to be a
proportion of approximately 0.25 of the FI duratiohhese pause durations were considerably
lower than the 0.5 proportion reported by ShullA@;91971) under single Fl schedules.
However, Shull's data are more comparable to pguséen in the terminal-links without sound
in the present experiment, where the entry pauges an average proportion of 0.61 and 0.53
of the FI duration on the left and right keys, dprely. Conversely, in terminal-links with
sound the proportion of pausing rose as high & @d@d call), which was opposite to the
findings of Davison. It seems that the sound hadpgpressing effect on the hens’ responses
but it is unknown if the effect was due to the shpanishing responding, or if it was due to the
hens engaging in other behaviours.

One unexpected result in this experiment, and enpial confound, was that in many
conditions the terminal-link durations were longen programmed. Under a Fl 10-s schedule
it was expected that the mean terminal-link duregivould have been 10 to 11-s long. In the
present experiment, the terminal-link durationsensymetimes as long as 14.5 s in some
conditions with sound. Davison (1974) found tmesome Fl initial-link schedules, of a two-
link single chain, the duration of the initial-linkas longer than the FI time when the FI value
in one link was much higher than the value in ttieeplink. These longer durations, seen in
the present and in Davison’s study, were due tgtlgnpauses that exceeded the FI duration.
This unforeseen result here meant that the terpimakchedules were not always equal.

As previously stated, Fantino’s delay reductiorotigepredicts that an animal will
prefer the terminal-link that leads to a greatelution in time to primary reinforcement
(Fantino & Squires, 1971). In relation to the gresexperiment, longer terminal-link durations
increased the delay to primary reinforcement arttay have decreased the value of the

terminal-link. This in turn would mean that theneevere more likely to prefer the shorter



terminal-links, confounding the effects of the sduitHowever, there were very few cases
where initial-link responding was biased away fribra key leading to the longer terminal-
links. For example, Hen 32 showed a noise biastdsvthe initial-link key leading to the
terminal-link with white noise (100 dB) even whé tduration of this link was always longer
than the terminal-link without sound. Thus, it epps that responding in the initial-links was
not biased away from keys associated with longeniteal-link durations. In order to avoid
this problematic outcome a different schedule ca@dised in the terminal-links, such as a
fixed-time (FT) schedule. Davison, Alsop and Deni$1988) found no preferences for Fl or
equally long FT terminal-link schedules, in a cament-chains procedure. Thus, FT terminal-
links may be better for maintaining control of #xerimental parameters without leading to
differences in terminal-link duration or reinforcent rates across schedules.

General Results

One surprising finding from this experiment wagt tih@ degree and direction of initial-
link biases were in some cases inconsistent wipaeding in the terminal-links. In 9 out of
28 cases the biases in the initial-link were towdhe keys leading to sound yet lower rates of
responding were shown in the terminal-links wita fame sound. Ostuka et al. (2009) also
found that rats showed different response ratidgkerinitial- and terminal-links, when both
terminal-links contained sound. When non-contingdiock was associated with the terminal-
links, Rachlin (1967) found that response ratioth@initial-links differed in magnitude from
those in the terminal-links but the direction of tfatios was consistent across both links. He
suggested that shock had a greater effect in ttialilnks because that was where the
parameters were most responsive to the behavidhedubject. This means that responding
in the initial-links, rather than the terminal-lskcould control the rate of shock delivered.
This finding was unlike that of the present studiiere some hens showed response ratios that
were in opposite directions across the two links, initial-link bias was towards the key
leading to sound and terminal-link bias was awaynfthe terminal-link with sound. Few
studies using concurrent-chains have reported bavweur in the terminal-links and so it is
difficult to make more comparisons. Furthermohgs effect was only seen in some cases and
in other cases the initial- and terminal-link bmsgeere in the same direction (15 out of 28).
Hence, it is unclear how to interpret the differesian responding in the initial- and terminal-
links and there are no models of performance uodecurrent-chains that can account for this
difference.



The estimates of noise bias from Experiment 1 Aagptesent experiment showed that
none of the sounds used were preferred by these dthough the food call was predicted to
be a preferred sound it was not the case. Asqusly mentioned, this may have been because
the subject hens used here did not have any preexperience with this sound and food, and
so the food call was not meaningful. It may besgde to make a sound more meaningful by
making it predictive of the arrival of food and thereference for this sound could be assessed.
This may help to determine if a positive experiewtth sound is a necessary precondition for
the sound to be preferred by hens.

It was possible that gaining access to food outiaasdghe effects of being in the
presence of sounds that were thought to be averdiseutlined, in the present experiment
some hens continued to respond on the sound asbsighedule in the initial-links even if
their responding in the terminal-links was suppeddsy the presence of sound. Otsuka et al.
(2009) suggested that food reinforcement may haea Imnasking the reinforcing effects of
sound in their study but after conducting an extimcsession the authors concluded that food
did not interfere with rats’ preferences for muskidowever, the use of one extinction session
may not have been sufficient to discount the suggethat food may mask the reinforcing
effects of sound under concurrent-chains. Pertisppreferences for sounds would be
different if assessed using a procedure that doegety on operant responding or food
reinforcers, for example, a place conditioning e (to be described later).

To conclude, the present study showed that ifitid+esponding could be biased by
the presence of sound in the terminal-links, batdinections of noise biases were inconsistent
across subijects for all sounds except the food ddlke direction and magnitude of noise biases
here were also inconsistent with those seen uhé@erdncurrent schedule procedure for the
same subjects (Experiment 1). Although both procesishowed that sound could bias
responding away from schedules associated withdsaumay be more sensible to use
concurrent schedules to assess sound preferebesis because noise biases were more
consistent across subjects and consistent witletfiom past research, and there were less
confounds identified using concurrent schedulespayed to using concurrent-chains. Some
caution must be taken when arranging concurrentistpgocedures in that the presence of
sound may cause longer pausing in the terminatjinkich can lead to increased terminal-link
durations, and the use of independent scheduledeadyto unequal obtained reinforcement
ratios. An advantage of the concurrent-chainsgmore was that sound was not present during

the choice phase unlike in concurrent schedulesveder, in both concurrent and concurrent-



chains procedures the food reinforcer may have ewhgie effects of sound on responding. It
would be interesting to know how the results of &xments 1 and 2 compare to those of
another procedure where sound preferences aresadsgbere reinforcement is not available
during the choice phase. Therefore, a place dondiig procedure was used in the next

experiment to examine sound preferences.






EXPERIMENT 3 !

Operant choice procedures, such as concurrent gigseahd concurrent-chains, have the
potential to measure hens’ responses to both atteaand aversive sounds whilst providing a
graded measure of preference. However, Experithehbwed that the presence of white noise
suppressed responding, thus possibly confoundsmprese allocation in concurrent schedules.
Experiment 2, avoided this problem but in this ekpent some hens gave initial-link biases
towards the key leading to the terminal-link wittued and response rates in these terminal-
links were generally lower than when sound waspnesent. This may mean that although the
presence of sound suppresses responding, herstilvithoose the key leading to sound in
order to obtain food. Another procedure that camjplied to assess sound preferences is the
conditioned place preferen¢€PP) procedure. This procedure allows for tlsessment of the
effects of sound on choices made in the absenseurfd or reinforcers. CPP may also be
useful for examining responses to both positiveragmhtive sound stimuli and is a procedure
that is both simple and quick compared to conctired concurrent-chains procedures.

The CPP procedure typically involves giving an aienchoice between spending time
in two environments where one has been previousheg with a stimulus and the other has
not. For example, the animal is placed in a chamitth two compartments that differ on
some stimulus dimension, such as colour, andasvalll to move freely between the
compartments for a set period of time. The anisilen confined to one compartment that is
paired with an additional stimulus (e.g., injectmia drug). The animal is later confined in the
alternate compartment where, typically, no adddlatimulus is added. Both of these are the
conditioning sessions. After the conditioning s&ss, the animal is again all1 owed to move
freely between the two compartments during thegessions and a place preference is
indicated if the animal chooses to spend more timane compartment over the other. This
procedure can also be used to assess the aveifeivts ef stimuli and is known a®nditioned
place aversiofCPA). The advantage of the CPP procedure igtthah be used to assess the
conditioning effects of both positive and negastienuli in a way that requires little training.

It is also a suitable procedure for using with vgoyng animals that would be difficult to test
in operant procedures, such as concurrent schethaesequire a lot of training and a large

number sessions to obtain a stable performance.

! This experiment has been published as Jones, BiR, A L., & Fostr, T. M. (2011). Domesti
hen chicks’ conditioned place preferences for soBettavioural Processefn Press.



There are a number of ways in which the CPP praeecian be arranged. Studies have
used either a 2- or 3-compartment apparatus tea§deP (Tzschentke, 1998). In 2-
compartment procedures trials begin by placingathienal centrally between the two
compartments. With 3-compartment procedures,tind tompartment is typically a middle
compartment connecting the two main conditioningnpartments and is used as a ‘start’ box.
In their meta-analysis of CPP papers examiningtegad stimulant drugs with mice and rats,
Bardo, Rowlettt and Harris (1995) found larger efffeizes in studies using a 3-compartment,
compared to a 2-compartment apparatus. The aypearsout, however, that in most of the
studies they reviewed the third (middle) comparttwesss novel during the test sessions and
this may have resulted in larger effect sizesmarst 3-compartment studies time spent in the
middle, or connecting, compartment has not beeaorteg or included in analyses of CPP (e.g.,
Agmo & Berenfeld, 1990; Camacho, Sandoval & Para@e84; Meerts & Clark, 2007;
Rubinov, Hagerbaumer &Juraska, 2009; Leri & RiZ¥)5; Robinet, Rowlett & Bardo, 1998).
At least one study included time in this comparttreenpart of the time spent in the currently
selected compartment (Hughes, Baker & Rettig, 1995)

Another element in the CPP procedure that varigssacstudies is the number and
duration of conditioning and test-sessions. Tzstite2(2007) points out that CPP experiments
usually involve test-sessions that are 15-20 miguration but that the number of conditioning
sessions can vary. Bardo et al. (1995) reportatftin some drug types a longer conditioning
duration resulted in larger effect sizes but néedénce was found for the number of
conditioning trials or the test duration (10-15 mmompared with 20-30 min). CPP has also
been assessed in two main ways; either conditiomimeggroup and comparing the data with
those from the control group (examining post-candihg data only) or using pre-conditioning
tests and comparing the data with those from paostlitioning sessions. Cunningham et al.
(2003) reported that of the studies they revievetatively the same proportion used these two
methods and they concluded that one method showedvantage over the other. However,
Bardo et al. found that most of the studies th&iemeed that used pre-testing resulted in
smaller effect sizes than those using post-comditgpdata only.

CPP has been increasingly used in recent years (®riew see Tzschentke, 2007) to
examine the conditioning effects of different dragsmice or rats (e.g., morphine (Zheng et
al., 2004), heroin (Leri & Rizos, 2005), and ampingine (Robinet et al., 1998)). It has also
been used to assess the effects of non-drug reer&rsuch as food (Lau, Bretaud, Huang, Lin
& Guo, 2006), mating activity (Camacho et al., 200kerts & Clark, 2007), aggression and



sexual interactions (Meisel & Joppa, 1994), aneéssto a running wheel (Masaki &
Nakajima, 2008) on place preference. Consideheg/ariety of stimuli that have been studied
using CPP, the procedure has the potential for exagithe effects of many different
phenomena, including sounds.

CPP procedures have been used with many diffepecies (e.g., rats (Meerts & Clark,
2007), hamsters (Meisel & Joppa, 1994), mice (lti;iBarnard & Cassaday, 2006), and
zebrafish (Lau et al., 2006)). However, to thenatg knowledge there are only nine studies
that have used CPP with avian subjects; four vagrmdese Quail (Akins, Levens, Prather,
Cooper & Fritz, 2004; Awaya & Wantanabe, 2003; Lev& Akins, 2001; Mace, Kraemer &
Akins,1997) and five with domestic hen chicks (Bson et al., 1996; He, Bao, Li & Sui, 2010;
He, Xiao & Sui, 2009; Hughes et al., 1995; Jiang, Wang & Sui, 2011). Of these studies,
one has shown that food could produce a CPP imauibjects (Mace et al.). In that study,
Mace et al. assessed the conditioning effectsaaf fmm CPP in 12-day-old quails, while also
establishing how many conditioning sessions weegled to produce a CPP. The quail chicks
exhibited a CPP for food when they were conditiowd&tl food in one compartment and no
food or tainted food in the alternate compartmeéittis research found a clear CPP after four
conditioning sessions but not after one conditigreassion.

Bronson et al. (1996), using CPP with domesticdteoks, examined the conditioning
effects of different drugs using a 2-compartmemaaatus. They found that all the drugs used
(at particular doses) produced a CPP in the chigke authors noted that in the post-
conditioning test sessions 30 % of drug treatedkshifroze”, i.e., didn’t move during the
entire test session, compared to 5 % of non-tredtadks. They suspected that this may have
been due to a place aversion but their followingegxment failed to confirm this. The results
lead the authors to conclude that the “freezings Vikely due to the effects of the drugs.
Hughes et al. (1995) investigated the conditiorfigcts of cocaine using domestic hen chicks
in a T-shaped apparatus. They paired red cardsarcompartment with the injection of
cocaine and found that the chamber associatedtingthed cards was initially preferred (in
Test session 1) but that this preference declived the following two test sessions. This
decrease in preference was suggested to be aoétudt extinction of the association between
the red cards and cocaine. In three differentistidesearchers used the same methods to
assess CPP acquired through morphine injectiong(lde, 2009, 2010; Jiang et al., 2011).
These studies all used a 2-compartment apparathsed and green floors and the experiment

consisted of three parts; a 15-min pre-test, 6 itimmihg sessions which alternated between



morphine and saline paired sessions, and a 15-osiatpst session. All three of these studies
found a clear CPP for the compartment paired witinghine injections. Thus, CPP was shown
to be a successful procedure for use with domasticchicks.

Only one study was found that used the CPP proedduassess the conditioning effects
of sound with animals. Feduccia and Duvauchell®®, using a 2-compartment apparatus,
assessed whether an auditory stimulus (music devwaoise) would enhance the rewarding
effects of MDMA (ecstasy) in rats. They found thdtite noise enhanced the conditioning
effects of MDMA. The rats showed a CPP towardsctirapartment associated with both
noise and MDMA but not towards the compartment @ssed with white noise or MDMA
alone. This research showed that the CPP proceduarbe effective for examining the
conditioning effects of sound when combined withgd and indicated that it may be a
procedure that would be useful for exploring thfe&s of sound alone.

The above studies have shown that CPP is a praeduaircan be used with domestic
hen chicks. Due to availability and ease of hangdiomestic hen chicks, they were chosen as
subjects for the present experiment. The presedysimed to assess CPP as a procedure for
examining domestic hen chicks’ responses to patinpositive and negative sounds. As part
of this, the CPP procedure was also conductedfatti, which normally results in a positive
preference for the conditioning chamber, for coriguar with the conditioning effects of
sounds. The sounds were chosen to allow compangbrExperiments 1 and 2, and to see if
it was possible to obtain positive place preferencehree sounds were used; white noise, a
rooster’s food call, and domestic chick-soundst liaae been shown to be either aversive or
attractive to hens in previous research. Whitsebias previously been shown to be aversive
to hens in this thesis (Experiment 1 & 2) and otlesearch (McAdie, 1998). Thus, it was
selected as a sound that might result in a CPAe fdbd call was that of a rooster (the same as
used in Experiment 1 and 2), that has been shodfumtdion in the same way to a domestic
hen food call (Wauters, Richard-Yris, Pierre, Lug&dRichard, 1999). Studies have also
shown that food calls attract domestic hen chigkayters & Richard-Yris, 2002) and are used
as a separation call for a maternal hen and hekglfHughes et al., 1982). Chicks have been
observed to spend more time near a speaker pléyaagcalls than when no sound is played
(Woodcock, Pajor & Latour, 2004) and they will fmlf a model emitting a maternal call rather
than one emitting a tone burst (Fischer, 1976)n Kampen and Bolhuis (1991) measured
approach behaviour and found that chicks prefearetaternal call to an artificial sound when

exposed to it during imprinting. Although the focall was not preferred by adult hens in



Experiment 1 and 2, for chicks it may be a souad tiey have an innate preference for and so
was selected as a possible preferred sound.

The domestic chick-sounds were a recording of themof subject chicks used in this
study making “peeps”, or pleasure notes, whenaeir tviary with no humans present. Studies
have shown that chicks will move more quickly doavrunway towards a conspecific
compared to an empty box (Suarez & Gallop, 1988)thay will readily move towards each
other when placed at opposite ends of a chambéloftfgara, Cailotto & Zanforlin, 1990) or
towards video images of other chicks feeding (HakJones, 2001). After separation, chicks
have also been shown to promptly emit pleasuresngien being reunited with other chicks
(Collias & Joos, 1953). It appears that chick-stsuattract domestic hen chicks and this was
therefore selected as another possibly preferreddsoAn alarm call was not used in the
present experiment as there was no evidence testggvould be either preferred or aversive
for domestic hen chicks. The alarm call resultedary small noise biases in Experiment 1 and
mixed results in Experiment 2 and was therefodidtnot seem sensible to use in the present
experiment.

A typical 3-compartment apparatus was used in teegnt study and the experiment
involved four pre- and four post-conditioning tesssions. In order to reduce separation
distress, a short duration test session (5 min)usad and had been successfully used in other
chick studies using CPP (Bronson et al., 1996; ldagdt al., 1995). As the sessions were
short, four were conducted to obtain a comparadntepde of data but generally CPP studies use
only one 20-min test session (Tzschentke, 1998).thHe conditioning phase, three 15-min
trials were conducted in each side compartmenngigi total duration of 45 min for
conditioning in each compartment. This was leas tihat used by Bronson et al. (2 hours) but
more than used by Hughes et al. (30 min) and ni@e the minimum recommended by Bardo
et al. (1995) (25-30 min).

The aim of the following experiment was to estdbl&PP as a method for assessing
domestic hen chicks preferences for places preliqguasred with food or sound. If the food
and the food call were attractive and white noisssive, as previous research suggests, then it
was expected that chicks would show a CPP towaelsampartment associated with the food
and the food call and away from the compartmerd@ated with the white noise. Given that
chicks are attracted to conspecifics, it was atsalipted that chick-sounds would also result in

a positive CPP.



Method

Subjects

Thirty-seven, 1-day old Brown Shaver domestic tieinks served as subjects. When
the chicks were involved in experimental test sessthey were kept together in an aviary.
They were provided with free access to NRM™ ‘chatkrter + coxistac crumbles’ and water,
and with a heat lamp providing warmth. For idecéifion purposes, the chicks were
individually marked with coloured pens and/or lemds. All animals were treated in
accordance with the animal ethics policies andgutaces of the University of Waikato Animal
Ethics Committee (Ref: 776).

Apparatus

The experimental chamber had internal measurenoé®® x 170 x 43 cm and was
made from particle board (2-cm thick). It had ¢hheénged doors along one side and the roof
was made of clear Perspex™, with a 6 cm gap fotileéion where the Perspex™ did not
cover the box down the length of one side (as se€igure 3.1). The floor of the chamber
was painted matte white and covered with cleattiglabeets with black rubber mats on top.
The inside walls of the chamber were painted dffiécolours. The walls of the middle
compartment of the chamber were painted matte vamitewere 30-cm wide. The side and end
walls of the left and right compartments of therobar (each 70-cm long) were painted green
and red, respectively. The paints used were Wayobur Designer™ paints, purchased in
New Zealand. The paint on the left compartment Wgske green’ with an RGB of 96, 139,
91 and the red used on the right compartment wiesfly¥ with an RGB of 170, 79, and 62.

Four infrared beams (as shown in Figure 3.1) latatehe walls of the chamber (6 cm
above the chamber floor) tracked the chicks’ mov@si&om one compartment to another.
Two of the beams were located exactly on the pahdre the middle compartment met the
side compartments (beam 2 and beam 3). Anothen lfEawas located 5 cm to the right of
beam 2, and beam 4 was located 5 cm to the |&igam 3. Two speakers (12 x 19 x 20 cm),
which could produce tones between 70 and 20000 itlzanmaximum output of 120W, were
attached to each end of the chamber and were abwéite a white metal mesh speaker cover
that was inserted into the chamber wall (12 x 18 cm

A rectangle particle board divider, measuring 3Bxx 54 cm, was used to separate the
compartments of the chamber during conditioningctEside of the divider was painted the

same colour as the compartment it faced (eitheorepteen).
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Figure 3.1. Diagram of experimental chamber showing chamberpartments, location of

infrared beams and the hinged doors.

The experimental chamber was located in a room 880 x 260 cm) that was
illuminated by five fluorescent tube lights loca@und the ceiling. In the first week, the
temperature of this room during baseline sessias28C + 2°C, and for the remainder of the
experiment it was kept at 26 + ’C. Before sessions, a group of chicks were tramesgpo
from the aviary to a small room adjacent to theeexpental room. In this small room they
were placed inside a sound-proofed, particle-bbatding box (610 x 460 x 575 cm). The
box had an internal light and was lined with 4-¢nck polystyrene to help attenuate external
sounds.

During experimental sessions, a Panasonic™ camgoraelel HDC-HS200, was used
to digitally record each chick’s behaviour in theerimental chamber. The camera was
positioned directly above the chamber, 235-cm altlbegyround, and was centred so that the
entire chamber was in view. The sounds were rdlaging a media player and were amplified
using a Yamaha™ stereo AX-300 amplifier. The afiglivas connected to the two speakers
that were located at each end of the chamberhe\start of each conditioning session, the
decibel level of the sounds was tested using anlAoh@LM 13 decibel meter to ensure it
remained close to 60 dB (A). The meter was placede centre of one compartment on a box
so that it was approximately 7-cm above the graumdithe sound was adjusted if needed.

The sounds used were Mp3 files of white noise,lebaunds, and a food call (found in
Appendix 1a). The “chick-sounds” recording waghef group of subject chicks making peeps



when in the aviary, with no humans present, andreesrded using an Iriver IFP799 Mp3
recorder. The “food call” was the same as usdekjperiment 1 and 2. All sounds were edited
such that there was no discernable beginning ar end

Data recorded for each session were: time speheifeft, middle and right
compartments, number of visits to the left andtrighmpartments, latency to first beam break
and side chosen first. The experimental eventg wentrolled and recorded by a Pentium Il
computer, located in the same room as the charnitamad a 730MHz processor with 512MB
of RAM, and was run using Med-PC™ (Version IV).

Procedure

On Day 2 after hatching, the chicks were transploitethe holding box and then to the
experimental room for habituation training. Eabiick was placed alone in the centre of the
experimental chamber (middle in Figure 3.1) and &axkss to all three compartments with all
doors closed for 1 min. Once all chicks had begrosed to the chamber, the group was
returned to the aviary. This process was repdatdi/e consecutive days. After habituation
training, the chicks were randomly assigned toafrfeur groups: Food, Food Call, Chick-
sounds and White Noise groups.

There were three phases to this experiment: basg@himase 1), conditioning (Phase 2),
and a repeat of baseline (Phase 3). Experimesgalas were conducted between the hours of
12:00 and 14:00. A session began once a chiclbéead placed in the chamber and the door
was shut. Phase 1 consisted of four sessions ctewlan alternating days where the food and
food call groups began on the afternoon of theHabituation session (Day 6 after hatching)
and the chick-sounds and white noise groups bdgandxt day. In Phase 1, each chick was
placed in the centre of the chamber where it hegl &iccess to all three compartments for 5
min. After 5 min had elapsed, the chick was renddvem the chamber and returned to the
holding box and the next subject was tested. Adtlechicks in the first group of the day had
completed a session they were returned to theyaarat sessions for the other group were
conducted. Sessions were always conducted firgthicks in the food and chick-sounds
groups.

The time spent in the middle, left and right contiments, and the number of visits to the
left and right compartments was recorded. Timorglie chick being in the middle
compartment began when the session was starteparséd when any beam was broken. The

time spent in the left or right compartment begdrema chick left the middle compartment



and broke a left (beam 3) or right beam (beam #)earded when the chick returned to the
middle compartment. At the end of Phase 1, fivekshthat had not moved in three or more
(not necessarily consecutive) sessions were extlirden the remainder of the experiment and
their data were not included in the analyses. &&arthe groups even numbered, 1 chick in the
food group moved to the chick-sounds group, peardnditioning.

In Phase 2 (conditioning), two conditioning trialere conducted daily (one in each
compartment) on alternating days for 3 days. &l tasted for 15 min and the two trials in a
day were separated by 2 hours. For the food grhoefpre each conditioning trial began food
was removed from the aviary at least 12 hours vaace of an experimental session and was
returned when the sessions ended. During condiganials in the experimental chamber,
chicks in the food group were given free accessd¢ombination of wheat, pellets and chick
starter crumbles. For the sound groups, the chigke continuously exposed to the sound in
one side compartment for one of the two trials ttegt. The side compartment associated with
the food or sound was counterbalanced across cimaach group. During the first
conditioning trial the chicks were first confinedthe sound/food compartment before being
confined in the no food/sound compartment andriwsrsed over the following two

conditioning days. After the conditioning phased&e 2) was completed, Phase 3 began.

Data analysis.

As a group design was used in the present studyjdta were analysed in groups and
this also made it easier to compare the data witergesearch of this type. The raw data from
all pre- and post-conditioning test sessions fehesaubject can be found in Appendix 3a.

Thirty-two subjects completed conditioning but Sloése did not move in any of the
post-conditioning sessions. Although post-conditig data were obtained for 27 subjects,
many of these subjects also failed to move frormtidelle compartment in sessions of Phases

1 or 3 of the experiment.

Results
Across all subjects there was no movement fromrmtigelle compartment in 16 % of pre-
and 40 % of post-conditioning sessions. The baselata from Phase 1 also revealed that 22
chicks spent proportionally more time in the greempartment (left) compared to the red
compartment (right), generally indicating a prefexefor the green (right) side. Of the five
chicks that did not move from the middle compartmtmwee were in the white noise group,

and one in each of the food and food call grodprem the video recordings it appears that 4 of



these chicks fell asleep, in that they sat witlrthead down and did not move for a
considerable period, and 1 made distress callsreantsly, across the post-conditioning test
sessions. Of the chicks that did move betweerdhgartments approximately 40 % also
made continuous distress calls and close to 10@8éapd to have fallen asleep in a
compartment after they had moved from the middregartment.

The mean £ S.E.M difference in the time spent eaxdbnditioned compartment in pre-
and post-conditioning sessions (Phase 1 and Phas@l8tted in Figure 3.2, for each group.
The top panel in Figure 3.2 shows difference scoadsulated from the time spent in the
conditioned compartment over all four pre- and astditioning sessions. There were
positive differences for the foot(= 123) and food callM = 33) groups, and negative
differences for the white nois®I(= -211) and chick-sound®(= -101) groups. A one-way
analysis of variance (ANOVA) showed that sound frwdl had a significant effect on the
amount of time spent in the conditioned compartnfer8, 28) = 3.3p < 0.05,5% = 0.26) and
a Tukey’s HSD post-hoc analysis showed that the spent in the conditioned compartment
after conditioning for the food group was signifitlg different from the white noise group
(HSD =4.10p < 0.05). Individual data for the differencesime spent in the conditioned
compartment from pre- to post-conditioning tessgess can be found in Appendix 3b.

The bottom panel in Figure 3.2 depicts the medierihce in time based only on data
from sessions in which the subject moved from tiddie compartment in Phase 1 and Phase
3, in at least one session. For subjects in tbd &nd food call groups, mean differences
between time spent in the conditioned compartmestand post-conditioning were 69 s and 5
s, respectively. Subjects in the white noise dndkesounds groups spent less time in the
conditioned compartment post-conditioning, -43 @ €Y s less on average, respectively.
However, a one-way ANOVA revealed that the effdtaund or food on the time spent in the
conditioned compartment was not significa®{(8, 23) = 2.5p > 0.05,5% = 0.24).

The percentage of sessions where the conditionegpadment was chosen first for pre-
and post-conditioning sessions (Phases 1 and $dlan all sessions in which a choice was
made (i.e., a chick moved from the middle compantna¢ least once), for all groups is plotted
in Figure 3.3. These percentages increased frert@ipost-conditioning for the food and
food call groups, and decreased for the white namgkechick-sounds groups. In Phase 1,
percentages were relatively close to 50 % (rang® #2 % to 54 % ) for all groups. In Phase
3, they had a larger range [from 31 % (white noie€)5 % (food)], with food call (65 %) and

chick-sounds (40 %) in between.
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Activity of the subjects showed that the total nemof visits to both areas decreased for
all groups from pre- to post-conditioning sessiofle proportion of visits to both
compartments in pre- and post-conditioning sesgiPhases 1 and 3) are presented in Figure
3.4. Although there was a decrease in proportfonsits to the compartment conditioned with
white noise, the propotion of visits were similar@ss pre- and post-conditioning for the other
groups. A one-way repeated measures ANOVA showesignificant effect of pre- and post-
test visits F (1, 28) = 1.7p > 0.05,p% = 0.06), no main effect of group (3, 28) = 2.1p >
0.05,5% = 0.18), and no significant interactidf (3, 28) = 1.3p > 0.05,5° = 0.13).

The mean number of seconds spent in the conditicosgbartment across successive
pre-conditioning (top panel) and post-condition{bgttom panel) sessions are presented in
Figure 3.5. For the pre-conditioning test sessgmsved no consistent trend across sessions
for any group. Across post-conditioning sessitims food group increased their time spent in
the conditioned compartment and there was a gradcra@ase for the white noise group. For
the chick-sounds group there was a gradual deciedisee spent in the conditioned
compartment while for the food call group time rémed relatively stable across sessions. A
two-way repeated measures ANOVA revealed no mdatedf sessiondH(1, 28) = 2.7p >
0.05,5% = 0.09) and no main effect for conditioned gro($3, 28) = 2.0p > 0.05,5> = 0.17)
but there was a significant interactidh(@, 28) = 25.0p < 0.05,p° = 0.47). This interaction
likely resulted from time spent in the conditiorempartment increasing across sessions for
the food group.

In summary, post-conditioning test sessions shawatchicks spent significantly more
time in the area associated with food and away fitterarea associated with white noise.
These areas were also chosen more often aftertmmmdg (food) and less often after
conditioning (white noise). The difference in tisygent in the conditioned area was not
significant for the food call or the sounds of athlkicks but chicks did choose to move
towards these sides first across sessions mord @ and less often (chick-sounds) after
conditioning. The number of visits to the left ainght compartments did not differ from pre-
to post-conditioning and did not differ across greu Across pre- and post-conditioning test

sessions there was no significant difference batvtlee groups or from pre- to post-tests.
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Discussion

Overall, the results showed a significant CPP fplage associated with food and
avoidance of a place associated with white noidas was similar to the percentage of
sessions the conditioned side was chosen firsditéwhlly, the proportion of visits to the
conditioned compartment did not differ across thadf food call and chick-sounds groups but
was lower for the white noise group and much loiméhe post-conditioning sessions. The
time spent in the conditioned compartment acroescpnditioning test sessions also showed no
differences across group or sessions and this mwalsusto the post-conditioning sessions for
all groups except the food group, where time indbieditioned compartment increased over
sessions.

When the CPP procedure was used to expose dorhestichicks to different sounds and
food, the chicks spent, on average, significantbyertime in the compartment associated with
food and less time in the compartment associatddwhite noise after conditioning.

Although they also spent more time in the compantrassociated with the food call and less
time in the compartment associated with the chalnasls post-conditioning, these differences
were not significant. A place preference was shtoawards the compartment associated with
food and a place avoidance for the compartmentadsd with white noise. This is consistent
with the data from Experiments 1 and 2 and alsb thié results of other research (McAdie,
1998). The effect size of 0.26 is a moderate e8ze according to Ferguson (2009) and also
shows that there was a clear effect of food or dmmthe time spent in the conditioned
compartment. These results suggest that the Gifegure is a valid and reliable means of
assessing domestic hen chicks’ responses to a odmiféerent stimuli, such as sounds or
food.

As previously reported, the ability of food to carah a place preference with Japanese
guail was examined (Mace et al., 1997). The gg@eht 20 % more time in the compartment
conditioned with food than would be expected bynclea(50 %). The chicks in the food group
in the present study spent 10 % (123 s) more timba conditioned compartment during the
post-conditioning sessions compared to the predtionthg sessions. This change in time
spent in the conditioned side was lower than tepbrted by Mace et al. However, these
differences may result because they used a 2-com@air apparatus, which effectively forces
the animal to a side. In contrast, the presengex@nt used a 3-compartment apparatus that
requires the animal to move actively from a cergtafting position to a side compartment of

the apparatus in order to make a choice.



The present results also demonstrated that mastscbhowed a place aversion for the
compartment paired with white noise showing a %.8ecrease in time spent in the
conditioned compartment from the pre- to post-coowiing sessions. This confirms the
findings of Experiments 1 and 2 and those of McAd®@98), when using concurrent-
schedules, that white noise decreased rates afmdsp and biased hens behaviour away from
keys associated with the noise. A confound idietiin Experiments 1 and 2 was that the
sound was present while preference was being &sksasg may have influenced the measure
of preference. Another limitation identified witising concurrent-schedules (as in the previous
experiments of this thesis), was that the foodfoeaers may have been interfering with
responding during the preference assessment.elprédsent experiment, there were no food
reinforcers or sound present during the preferassessment, thus eliminating the potential
problem of food interfering with preference or fireblem of any startle or freezing effects of
sound during test sessions. More chicks in théenfise group, however, failed to move
from the middle compartment compared to the othends and food. These findings suggest
that white noise played at 60 dB (A) is an aversitiaulus for domestic hen chicks, even
when not present at the time of testing and thssliggen shown in three different procedures.

Previous research has found that a food or henscalpositive sound that attracts chicks
(Fischer, 1976; van Kampen & Bolhuis, 1991; Woodtcetcal., 2004). However, while the
chicks in this experiment showed small positivéfgnences for the compartment associated
with the food call this was not significant. Siandly, Lickliter (1989) found that quail chicks
reared in a group did not show a preference foatemal call, when the choice was between
the call and four group mates and Snapp (1969)ddiat chicks did not approach a speaker
playing food calls. The results of Experimentad @ showed that a food call was not
preferred by adult hens and in some cases it reldesponse rates when present. This is not
consistent with the present results, as the cldaksiot avoid the area associated with the food
call but rather were indifferent to it. It appe#rat while the chicks in the present study may
have found the food call somewhat positive (in thatside associated with it was chosen first
more often after conditioning), it would appeartttie association was not strong enough to
result in a significant place preference. The khia the present study were artificially hatched
and raised as a group; therefore they did not hayerevious experience with calls by adult
hens including food and maternal calls. Thusgctiieks and hens in this thesis did not

previously learn to associate food calls with feeddering the food call a potentially weak



stimulus for conditioning a place preference oslng responding towards a schedule
associated with it.

The domestic hen chicks in the present experinaritdess time in the compartment
associated with the chick-sounds (see Figure 3i@)hose this compartment first less
frequently post-conditioning (Figure 3.3). Howewie differences between time spent in the
conditioned compartment from pre- to post-conditignwere not significant. As previously
mentioned, chicks have been shown to move towaelsight of other chicks (Suarez &
Gallup, 1983; Vallortigara et al., 1990). Theylwilso move towards video images of other
chicks but not towards the sound alone of otherkshieeding (Clarke & Jones, 2001). The
sound used in the present experiment of other shdaknot result in a CPP, which is
consistent with the idea that the sounds of oth&ks are not attractive.

The top and bottom panels of Figure 3.2 show thaeffects of sound and food on CPP
appear to be different if sessions where the chdaksiot move from the middle compartment
in the post-test sessions were either includedftomel) or excluded (bottom panel) from
analyses. The difference in time spent in the tmmed compartment was significant only
when the data from all sessions were includederatialyses. However, when the time spent
in the middle compartment was excluded the patiérasults shown in the bottom panel
mirrored those shown in the top panel of FiguraMe would argue that when an animal failed
to move from the middle compartment that they vatitemaking a choice, albeit, not to move
to one of the side compartments.

The present experiment reported two main measarassess CPP; difference in time
spent in each compartment and the percent of sesgibere the conditioned side was chosen
first. The findings here demonstrate that thesenvweasures showed a similar change in
pattern from the pre- to post-conditioning sessiofise measures of CPP using differences in
time spent in the conditioned compartment (Figu) 8howed little differences between the
pre- and post-conditioning data for the food call the side chosen first data (Figure 3.3)
showed an increase of 14 % in choosing the sideceded with the food call. Additionally,
the activity data (proportion of visits to the cdrmhed compartment) showed no significant
differences from pre- to post-tests. This is cstesit with the findings of Hughes et al. (1995),
who also found no significant effect of activityg Becorded by the number of beam breaks.
Generally, studies using CPP have used time anéasure of preference but using more than

one measure may give a clearer picture of an aispedferences.



Most commonly, CPP studies assessing the effecsugf carry out conditioning
sessions on alternate days (Tzschentke, 1998)assised in the present study. However,
these studies were mostly with mice or rats. Sofike studies using chicks (Bronson et al.,
1996; Hughes et al., 1995) conducted conditionessi®ns every day. It is possible that
conducting conditioning sessions daily might woeltér with chicks. A shorter time between
conditioning sessions and post-conditioning testinipe present study may have resulted in an
increased effect of conditioning. It may also Ihationger, or more frequent, conditioning
sessions could have resulted in a significant GPRIF of the stimuli used here. Cunningham,
Dickinson, Grahame, Okorn and McMullin (1999) fouhdt mice showed an increase in
preference for a place paired with cocaine wherctimglitioning trial durations were increased
from 15 to 30 and 60 minutes, and Bardo et al. $188und that studies reported larger effect
sizes, for some drug types examined, with the Iongaditioning durations. This is an area
that warrants further attention with the typestohali that were used in the present
experiment. Itis possible that longer conditigngessions may have conditioned place
preferences more effectively.

Other researchers have previously recognised ttiaiads may fail to move about during
post-conditioning test sessions and their chamivers only divided into 2 compartments.
This way, a chick could be placed on a central §iné any movement would then indicate a
choice in one direction or the other. Althoughds#s using a 3-compartment apparatus have
yielded larger effect sizes (Bardo et al., 1995)ceeld find no study that systematically
compared the results from a 2- and 3-compartmepdrapus. In the present study, 5 of the 32
chicks failed to move from the middle compartmendli of their post-test sessions, and across
all subjects in 40 % of the post-conditioning sessithere was no movement from the middle
compartment of the chamber. This was significahifjher than the 5 % freezing observed by
Bronson et al. (1996). One reason for the faibfréme chicks to move in this experiment may
be that they had not had long enough to adequiagdlifjuate to the apparatus and were too
fearful to move about the chamber. The reseambserved that approximately 40 % of these
chicks displayed continuous distress calls andedistmay have caused them not to move.
Alternatively, approximately 10 % of chicks appehte actually fall asleep and so were
relaxed in the environment.

The CPP procedure was shown here to be a suckesthod for use with domestic hen
chicks, as shown by other research (e.g., Bronsah,d996; Hughes et al., 1995). Itis also a

procedure that could be used to assess preferehdesestic hen chicks for other



environmental stimuli that may affect their welfasech as temperature, olfactory cues, or
even social preferences (i.e., spending time wotispecifics). Because the CPP procedure is
relatively simple procedure that requires lessitrg than operant procedures, such as
concurrent schedules, it can be used to assesd poeferences for other intensively farmed
animals, such as domestic pigs, or possibly usedgess sound as a lure, to assist in pest
control efforts, for example, with rats, ferretagdastoats.

Overall, this experiment showed that it was possibluse the CPP procedure to assess
preferences for places previously associated vatfative or positive sounds or with food. Itis
also a procedure that could be effective for agsgske effects of sounds on the choice
behaviour of domestic hens and the results co@d be compared with those found in the
previous two experiments. There was a similargpatin the two main measures of place
preference used here, differences in time spethieiconditioned compartment and percentage
of sessions the conditioned compartment was chirsén Place preferences were shown away
from white noise and this was consistent with trefgrences shown in Experiments 1 and 2
but results from the food call were not similathiese two experiments. Additionally, none of
the sounds used in the present experiment resuali@gositive place preference. This is
consistent with the results of Experiments 1 angtre also no sounds were preferred. As
previously suggested, it may be possible to mad@uad predictive of the arrival of food and
in turn it may become a sound that is preferred.



EXPERIMENT 4

Thus far in this thesis the various subjects hateshown a preference towards a
schedule or an area associated with any of thedsoused here. They have, however, showed
preferences away from schedules or areas assouwdtedhite noise. It may be possible to
make a sound positive so that they prefer it temnd. One way to make a stimulus positive
may be by associating it with another positive gtims, such as food, in an attempt to make it
into a signal or conditioned reinforcer. By makengound predictive of the arrival of food it
could turn out that the value of this sound cowddrizreased and that this sound would now be
preferred.

Such associative conditioning is a form of cladstoaditioning. It is a way of
increasing the value of a stimulus by associatingth a different positive stimulus. Food is a
positive stimulus that can be used to increasedhee of a range of neutral stimuli through
association. There is a long history of reseanth procedures that are based on classical
conditioning and one example of such a proceduaetigshaping. Autoshaping with birds,
usually pigeons, occurs when the presentationkefydight is followed by reinforcement and
through this association the bird comes to peclhittkey (Brown & Jenkins, 1968).

Associative conditioning is also the basis of acpoure used to increase children’s preferences
for different flavours of food (for a review seeréh, McPhee, Steinberg & Sullivan, 1990).

For example, Havermans and Jansen (2007) pairesferyed sweet taste with a neutral
vegetable flavour and this was subsequently foaonddrease children’s preferences for the
previously neutral flavours. Thus, it may be ttimbugh the use of such associative
conditioning with food that a sound that was presig neutral may come to be preferred.

Commonly, the value of such a signal is assesseal ine animal’s preference for it.
Researchers have studied various factors thatftezct the preference for such a signal. These
factors include “the number of times the conditidmneinforcer [signal] has been paired with a
primary reinforcer, the size and quality of thenmairy reinforcer, and the delay between the
conditioned reinforcer and the delivery of the @mnreinforcer” (Mazur, 1993, p.70). It has
also been found, using concurrent-chains procegtirasa variable delay between the onset of
the signal to the presentation of food was pretetoea fixed delay (Fantino, 1967; Rider,
1983). Furthermore, the delay between the onsiteoignal to presentation of the primary
reinforcer is a crucial factor in determining thgmal's value and a variable delay results in a

more preferred conditioned reinforcer (Mazur, 1998azur suggests that to increase the



preference for the signal some of these delaysldlo@uvery short, even if some are quite long.
However, if the signal ceases to be paired witmpry reinforcement, then its ability to act as
a discriminative stimulus is weakened as it no &rggrves to signal food. This, as Williams
(1994) points out, is because when a stimulusasepted in the absence of a primary
reinforcer the association between the two is weatteind eventually disappears.

Preference for a signal can be assessed out tkiheng context in which it was
established as a signal. A study by O’Daly e{2005) established stimuli as conditioned
reinforcers and then used transfer tests to aisessfects of temporal context (the overall
initial- and terminal-link durations) on the valoepreference for that signal. O’Daly trained
pigeons on multiple-chain schedules where the teahink in both components was a FT 30-s
schedule. In one component, the initial-link wa#l 40-s schedule, and in the other it was a
VI 100-s schedule. DRT predicts that the stimsfiariated with the VI 100-s initial-link
would be preferred to one following the shorter]dts schedule, because there was a greater
reduction in time to primary reinforcement for fioemer alternative. The authors used three
types of transfer tests to assess preferencedaigimal stimuli across test sessions. These
transfer tests included: concurrent-chains schedblt commenced at the end of training, and
concurrent-chain and concurrent probes that weregnted in the blackout period between
components of the multiple-chain procedure usethduraining. Each of these test
procedures showed that pigeons generally preféhneeterminal-link stimuli associated with
the VI 100-s initial-link, as was predicted. Thkigperiment indicates clearly that concurrent
and concurrent-chains schedules can be used tesgasference for signals that were
established as signals in a different setting sisctiuring the multiple-chain schedules.

Thus, it is possible to create a signal, througloastive conditioning, by making the
stimulus predictive of the arrival of food andstdlear that the value of this signal can be
affected by a number of factors. In order to @easound that is preferred by hens, one must
consider the delay between the onset of the seymthe primary reinforcer, the number of
times they have been paired, and the context ichwthie signal is established. One way to
establish a stimulus as a signal is by using coratichains schedules, as used in Experiment
2. However, when using concurrent-chains tempmatext can affect the value of the
conditioned reinforcer (O’Daly et al., 2005) anditseould seem that establishing a stimulus
as a signal in the simplest setting without theafsschedules of reinforcement, which could

affect choice, may be a better option.



The aim of the present experiment was to createfenped sound for hens by making a
tone predictive of the arrival of food, thus cragta signal for food. This was to be done using
a simple procedure without any response requiremené intention was then to assess
preference for this sound, using concurrent sclesdof reinforcement.

Concurrent or concurrent-chains schedules havellegh used when assessing
preferences for a signal. O’Daly et al. (2005)vs&d that both procedures could be used in
transfer tests to assess preferences for signalslifferent setting from which the signal had
been established. As previously mentioned, alth@ddaly et al. found similar results when
using concurrent and concurrent-chains probes,dhggested that these schedules were
measuring different effects of a signal (conditidmeinforcer). Concurrent schedules have
been effectively used to assess a range of diffemds on choice behaviour in this thesis
(Experiment 1) and by others (McAdie, 1998; McAdtal., 1993, 1996). This procedure also
gave more consistent results across subjects iarifwpnt 1, unlike the inconsistent results
obtained using concurrent-chains in Experimen€2mparison of Experiments 1 and 2
showed that when a sound was present, as opposbgeat, the effects of sound on choice
behaviour were more evident using concurrent sdeediHence, concurrent schedules appear
to be a more suitable procedure than concurrentstiar assessing preferences for signals and
were therefore selected for use in the presentrempst to assess preferences for a sound that
had been associated with food.

As outlined above, research has shown that a \arisbay between the onset of a
signal until reinforcement delivery is preferredatfixed one (Fantino, 1967; Rider, 1983) and
Mazur (1993) suggested that some of these delayddbe very short, even if some are quite
long. To this end, in the present experiment thend signalled food on a Variable-Time (VT)
schedule. Rachlin (1976) noted that condition@dfoecers (signals) are more valuable when
the primary reinforcer occurs less frequently rathan more frequently. This means that the
value of the signal decreases if primary reinforeetr{ffood) is already provided at a high rate
and so a variable Inter-Trial Interval (ITl) wasedsn the present experiment.

The effects of associative conditioning should dent immediately following
pairing. After establishing the stimulus in onentmal-link as a conditioned reinforcer O’Daly
et al. (2005) conducted between 10 and 15 tesiossst® assess preference for the stimulus
and analysed data from only the first 5 test sessi@ pilot study conducted here also found

very little change in response ratios after thet fli0 training sessions. Thus only 10 training



sessions were used in the present experimentésat® initial effects of associating a tone
with food.

As outlined previously, MacKenzie et al. (1993)ddito find any consistent effects of a
3000 Hz pure tone at 90 dB (A) and on the locatibthe hens in a chamber where they could
move to turn the sound off. When this tone inceeas intensity to 100 dB (A), the hens still
divided their time relatively evenly between theas of the chamber. In another study, Muller
(1987) used a titration procedure where the tooeeased in intensity until automatically
turned off or turned off by the hens, but the hiailed to learn to turn the tone off even when it
reached 120 dB (A). Muller concluded that eitler hens could not learn the procedure as
used or that they did not find the loud tones aversThus, these studies indicate that a pure
tone does not appear to be an aversive stimulusefos, even at high intensities, and thus it
may be a neutral sound. Therefore, the presemrgment used a pure 4000 Hz tone played at
80 dB (A). This frequency was chosen becausesitdean shown to be within the hearing
ranges of hens (Temple et al., 1984). The hens natrexposed the tone before the training
(conditioning) began, in order to avoid any unctinded stimulus pre-exposure effect.

In the present experiment, it was expected thas heuld show a preference for the
keys associated with the tone after the trainirgspltwas introduced. This would be shown by
an increase in noise bias from responding towdrel&eéys associated with the tone (calculated
using Equation 6).

Method

Subjects

The subjects were 6 Brown Shaver hens numberetbll16. They had been flock-
reared and Hens 111 and 112 were approximatelat® yad at the beginning of the
experiment and Hens 113 to 116 were approximatglyads old. Hens 111 and 112 had
previous experience responding on a single key avitbntinuous reinforcement schedule. The
remaining hens (Hens 113 to 116) had previous éupe responding on concurrent schedules
of reinforcement and had been exposed to a 4000Kztpne (at 60 dB) during the pilot study
from this experiment. All hens were weighed daihd at the end of each session they were
given supplementary food (commercial laying pe)latgequired to maintain them at
approximately 80 % of their free feeding body weighhe housing of the hens was the same

as that described in Experiment 1. All animalsenmegated in accordance with the animal



ethics policies and procedures of the UniversityMaiikato Animal Ethics Committee (Ref:
763).

Apparatus

The experimental chamber measured 45-cm wide x16lcog x 57-cm high and was
made of 2-cm thick woodchip particle board. Th&es a hinged door along one side of the
chamber. The floor consisted of a metal grid esedioin an open steel tray (2-cm high). There
were two Perspex™ response keys situated on otine efalls of the chamber (termed the
response panel) that were 3 cm in diameter andigosd 40 cm above the floor with 20 cm
between the two keys. Each key was backlit bydsoregreen LED (‘MARL’ brand SX6
Midget Flange 28-V dc LED, from Farnell Electrori®s. An effective key peck required a
force of at least 0.2 N and resulted in a 0.05e8kde beep, provided by a Piezo electronic
sounder located behind the key.

The food magazine, filled with wheat, was locatedtrally between the two response
keys and was operated for 3 s during reinforcem@nnagazine-access hole, measuring 9-cm
wide x 12-cm high x 5-cm deep and centred 12 crwvalite chamber floor, allowed the
subjects access to the wheat when the hopper wgaslraA 24V/1-W white light bulb was
located at the rear of the magazine and illumingtedood only when the hopper was raised.
There was also a house light consisting of foute&vhEDs centrally located on the ceiling on
of the chamber.

The experimental chamber was bolted to a concrateld0 cm above the ground. It
was enclosed in a sound-attenuating box made ttlgaboard (2-cm thick) that was lined
with cardboard egg cartons on all of the walls extlke concrete wall. There was a hinged
door along one side of the sound-attenuating btsc(d wide x 750-cm high x 120-cm long).
There was an air space between the internal chaamoethe egg cartons that was 37 cm on the
right (to allow room for the magazine), 16 cm oa t&ft, 7 cm at the top, and 8-cm below the
chamber. There was no space between the concaditansl the internal chamber or between
the egg cartons on the hinged door and the intehrahber.

Two 4” dual cone circular speakers were mountetherwall behind the response panel
24 cm above the chamber floor. The speakers weveadt, 4 ohm speakers that were 15 cm
apart and 3.5 cm from the edge of the wall. Treakprs were amplified by a public address
Yamaha™ Natural Sound Stereo Amplifier AX-380 watipower output of 55 watts rms, and a
frequency response of 0+ 0.5 dB, over the rang®ef 20,000 Hz.



The sound used was a pure tone at 4000 Hz thatelsged by a noise generator (Med-
PC™, model no. ANL-912) that produced broadband ranffeeuencies between 0 and 20
kHz. The sound dB levels were measured using adslavel meter Amplaid SLM 13.
Background noise levels measured from within trendber ranged from 45 - 55 dB. The
experiment was controlled by a Pentium 11l 997 Midgmputer running MED-PC™ (Version
IV) and was located in the same room as the exjgetih chamber.

Procedure

The experiment consisted of a baseline conditioef§pence assessment only) followed
by conditions that included a training phase. Bgtbaseline sessions, the procedure used was
the same as Experiment 1, a multiple-concurrer0#¢ VI 90-s schedule of reinforcement and
sessions lasted for 40 min. No sounds were agedoidth any keys during the baseline
condition. Experimental sessions with training had phases; a training phase for the first 20
min followed by a preference assessment phaseda®d min and are shown in a

diagrammatic representation presented in Figure 4.1

Training phase.

The training phase occurred in the same sessiamétfe preference assessment phase
in Conditions 2 and 3. At the start of each sessiith a training phase the hen was placed in
the experimental chamber and a trial began. Duhisgtime the house light was turned on and
all of the keys were inoperative and were not illieied; however, any responses made to the
inoperative keys were recorded. At the startwigha period of silence (ITI), which averaged
around 30 s, was followed by the sound of a toaewas played on a VT 30-s schedule (see
Figure 4.1). Once the timing of the VT was complite magazine was raised for 3 s and the
tone was then turned off. The trial then restav@l a period of silence (ITI). During the ITI,
the house lights remained on and there were nodsoplayed in the chamber. The training
phase lasted for 20 min and consisted of approein0 trials, in other words the tone was

paired with food on 20 occasions.

Preference assessment phase.

Once the training phase was complete the housts kgere turned off and Component
1 of the preference assessment began, where bygiwlere lit red. The preference assessment
used a multiple-concurrent VI 90-s VI 90-s schediflesinforcement procedure. This
procedure was the same as that outlined in Expatifhaith one exception, each of the four

components lasted for only 5 min, meaning thataked duration of the preference assessment



Phase 1 - Tone training 20 min
Key are unlit and house lights are on

Silence VT-30s ——» Sound on for VT-30s——» 3-s accessadd f

7

Repeat trial

Phase 2 - Multiple concurrent schedules (preferencssessment) 20 min

Component 1 (5 min)

Both keys red

Component 2 (5 min)
Both keys green

Repeat for Components 3 and 4

Figure 4.1 Diagrammatic representation of training conadisipwith training phase and the

preference assessment phase, of Experiment 4.



was 20 min. During Components 1 and 3 both key® Wered and during Components 2 and

4 both keys were lit green. In the preferencessssent, the pure tone was associated with the
left key in Components 1 and 3 (red) and the riglytin Components 2 and 4 (green). The
sound played once a single response to the noystukeed the sound on and the sound was
continuously played until a response was madedmther key, or the component changed. At
the end of each day, the decibel level of the twag tested to ensure it remained at 80 dB. The
sound was tested in the same manner as outlinegperiment 1.

Experimental conditions.

Condition 1 was a baseline condition sessionsandion 1 consisted of four 10 min
components of the preference assessment onhislieandition, there were no sounds
associated with either key (i.e., no training pha<gondition 1 was run until visual and
statistical stability had been reached and assasthd same manner as Experiment 1. In
Condition 2, the 20 min training phase was intralbefore the preference assessment and the
pure tone was played during responding on thee#dhd the green/right keys during the
preference assessment. Condition 2 ran for 10ossssCondition 3 was the same as
Condition 2 except the tone was turned off for ib#htraining phase and the preference
assessment. Condition 3 was conducted for 10csesSsi

Data recorded for the training phase were numbearapferative pecks to the left and
right keys and number of reinforcers obtained. tRerpreference assessment phase the
number of pecks to the left and right key, timerdgesponding to the left and right keys,
number of changeovers, number of reinforcers onetth@nd right keys and total time were
recorded.

Data analysis.

Data from the last three sessions of ConditionsdL3aand the first three sessions of
Condition 2 were analysed and the raw data areeptes in Appendix 4a. Although the
training (Condition 2) was run for 10 sessionsydhk first three sessions are presented below
because estimates of Iggnoise bias) did not change systematically afiex point (see
Appendix 4b).

Results
Estimates of log) were calculated, in the same manner as Experitnéadquation 6),

from the data in the preference assessment phasalfothe first three sessions in the training



condition with sound (Condition 2). These estimatse presented in Figure 4.2 for responding
and time allocation (left panel) and the respomses and within the COD (right panel) data.
Points above the line at zero indicate a bias tdsvdre keys associated with the tone.

Figure 4.2 shows that response and time allocastimates of logy were generally similar in
magnitude and direction for most hens. When tnginvith sound began (Session 1), 3 hens
(Hens 113, 114, & 116) showed a response noisddiads the keys associated with the tone
while the remaining 3 hens (Hens 111, 112, & 11ewsed a noise bias away from the keys
associated with the tone. Over the following twarting sessions, the response and time
allocation noise biases decreased in magnitude f@ns (Hens 111-113, 115, & 116), with
these biases moving closer to zero. Noise biases also examined across the four
components within each training session with scamdino consistent changes were observed.

Estimates of log| (noise bias) for responding post-COD generallysttbthe same
pattern as the total response data. In Sessibtrdiming with sound, the post-COD biases
were generally larger than those from within theBCOrhis difference, however, decreased
over the following two training sessions. Althougan 111 showed a large post-COD noise
bias away from the key associated with the toraniing Session 1) her within-COD noise bias
was in the opposite direction, towards the key@ased with the tone. No other hens showed
this pattern.

The local rates of responding are shown in Figusdaer each hen. This figure shows
response rates for the last three sessions ofatbedibe condition, for the first three sessions of
the training condition with sound and for the ldsee sessions of Condition 3, training with no
sound. Local rates of responding were calculatedivading the number of responses on a key
by the time spent on that key. The data shown teraverage response rates to the left key in
the red components (1& 3) and the right key ingte=n components (2 & 4), and the right key
in the red components (1& 3) and the left key i gineen components (2 & 4). The data were
plotted this way to compare responding across ¢mmdi and assess any effects of the presence
of sound on responding. In the training conditiath sound, one set of keys was associated
with the tone (the red/left & green/right keys) a@hd other set was not (red/right & green/left
keys).

Local response rates to both sets of keys varggea deal across conditions (Figure
4.3), with the highest rates generally seen irbteeline condition and the lowest in the
training condition with no sound (Condition 3). dab response rates to the two sets of keys

were generally similar across conditions for mastdr When training with sound was
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Figure 4.2 Estimates of log (noise bias) for the preference assessment pbasesponses
and time allocation (left panel) and responding jposl within the COD (right panel), during

the first three sessions (1-3) of training, plott@deach hen.



—@® — Red L/ Green R

60 - —&—Red R/ Green L 75 Q
I

50

et |
oo |

20

10

704
60 - %
40
30
20 4

10

Local Response Rates /min

70

S

. / St

10 :

115 116

0 T T T T T \‘\ T T T T T T T T T
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Baseline  Training  No Sound Baseline  Training  No Sound

Figure 4.3. Local response rates (per min) to the red leftafhd green right (R) keys (filled
circles) and red right (R) and green left (L) kéysfilled circles) across baseline, training and

no sound conditions, plotted for each hen.



introduced, response rates decreased for 4 hems (Hel, 112, 114, &115) in the first session.
Over the following two sessions the response rameased again for 2 of these hens (Hens
111 & 115) and remained somewhat the same forttiexr @ hens (Hens 112 & 114). Over all
three training sessions with sound, local respoaitss remained stable for Hens 113 and 116,
although they were lower than baseline for Hen 1ibghe condition where no sound was
played but the training phase still continued, ldeaponse rates varied considerably for 3 hens
(Hens 113, 115, & 116). The response rates inctimglition were generally lower than the
previous two conditions and 2 hens (Hens 115 & M&jle as little as 8-20 responses in some
of these sessions. For the remaining hens, respates were more stable across the training
with no sound condition and were either similarifHéa.1) or higher than (Hens 112 and 114)
those rates shown in the training sessions.

To compare the responding during training with sbwith that in Conditions 1 and 3
the estimates of log (Equation 1) are presented in Figure 4.4 (resgresgd Figure 4.5 (time
allocation) for all conditions, plotted for eachnheAny points below the line at zero indicate a
bias to the right key and above is to the left k&hese figures show that for 4 hens (Hens 111-
114) log ratios of response and time allocatiolofeéd the same pattern and for Hens 115 and
116 they differed only in the condition with no solu Across the three conditions, most hens
showed only small key biases where estimates of legre generally close to zero in both the
red and green components. It can also be seefotlrabst hens a change in lodor
responding and time allocation occurred from theebae condition to Session 1 of the training
condition with sound, where the difference betwesponding in the red and green
components increased. Ratios of response andatiowation over the following two training
sessions generally moved closer to zero and tlferelifce between responding in the red and
green components decreased, for most hens. Hewdd the only hen that showed an increase
in the separation seen between responding (Figdjerithe red and green components over
these two training sessions. In the final conditwith no sound, estimates of lodor
responses were more variable than those from #hequs conditions for 3 hens (Hens 111,
113, & 115). For the remaining 3 hens estimatdegt were generally similar to those in the
previous two conditions. Estimates of lofpr time allocation data (Figure 4.5) varied
considerably across the three sessions for 3 harss(113, 115, & 116) in the training with no
sound condition and were similar to baseline ferather hens.

Throughout the both training phases responsestmtperative unlit keys were

recorded and graphs of these data showed no camisisgnds across subjects over the three
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training sessions in Conditions 1 and 3. Generdtly number of these responses was very low
and there were no consistent differences betweenumber of responses that occurred when
the tone was or was not playing during the trairphgse with sound.

Overall, when training with sound was introduced3dens (Hens 113, 114, & 116)
noise bias (log|) was towards the keys associated with the tonéwdcal response rates
remained relatively the same. For the remainihg®s (Hens 111, 112, & 115), noise bias was
away from the key associated with the tone and lesponse rates dropped considerably.
When the sound was removed but training contin@aahdition 3) the ratios of response and
time allocation over the last three sessions vargtsiderably for most hens. The local rates
of responding in the condition with no sound wenedr than in the previous two conditions,
for 3 hens, and remained similar to the trainingditon (Condition 2) for the 3 other hens.

Discussion

In Condition 2 (training with sound), 3 hens showebise bias towards the keys
associated with the tone after it had been assatwsith food in the training phase. These
noise biases were evident only in the first sesefdhis condition and were relatively small.

The remaining 3 hens showed an increase in biag®g faBom the key associated with the tone
after training, and the degree of these biases sragdl for 2 of these hens. Although the
training appears to have affected the noise biadl tens, unfortunately, there were no
common effects in the direction of the noise biasasss hens after the tone training. One
possibility for the failure of all hens to show i@ference for the tone after training is that the
sound training did not work, in other words thedahd not become a positive stimulus for
these hens.

It is possible, however, that the preference assessphase of each session was too
long. Williams (1994) noted that a stimulus woldde its conditioned reinforcing value each
time it was presented in the absence of a pringnfarcer. During the preference assessment
phase after each training phase in each sessidretiewere exposed to the tone in the absence
of food for long periods of time and consequerttly signalling effects of the tone may have
weakened. If this had been an issue then one wayd expected that in the beginning of the
first session of the preference assessment attdrdaming with sound the hens would have
shown a preference towards the keys associatedhattone. This effect would have then
decreased over the duration of the first preferassessment session but this was not the case

here. The cumulative responding over each of thenricomponents in the preference



assessment phase was inspected and there appeheedd differences between responding
across both red components and both green comzoinethie first session after the training
phase with sound (Appendix 4c). Thus, it seemielyl that any positive association of the
tone with food declined across one preference sgsad phase.

It was assumed that the concurrent schedules pnoe@tuld have been able to reflect
any preferences for a positive sound if a preferdrad been present, as this has been found by
other research (O’Daly et al., 2005). Therefdreeems that the training with sound procedure
used in the present experiment did not establislidhe as a positive stimulus (or increase its
value) for these hens. This indicates that theag have been problems with the way in which
the training phase was arranged in the presentiexpet. Although O’Daly et al. (2005)
assessed the value of a conditioned reinforcengdigising concurrent schedules, no effects
were shown here but there were differences betweeprocedures used in their study and in
the present one. One of the main differences asvay in which the stimuli (sounds here
and key colour in their experiment) were establishg signals. O’Daly et al. used multiple-
chain schedules to establish the terminal-link gliras the signal. In that procedure the signal
indicated a greater reduction in delay to reinfareat when compared to the alternative
terminal-link. Here, food was always deliveredhe presence of the tone and there were
variable periods of silence between trials, hehegdne indicated a reduction in delay to
reinforcement in only some trials (when a long Wés followed by a short tone). Another
difference between the present and O’Daly et akjseriment is that there was no response
requirement throughout training used here, whil®iDaly et al.’s study responding was
required in the terminal-link and so was the saorgext in which preference for the stimulus
was assessed. It is possible that the contexhiohwthe signal was established in the training
phase of the present experiment was too differem that in the preference assessment phase.
Hence, context may have affected the way in whehhtens responded to the sound,
consequently affecting their preference for theeton

Another element that may have affected the suafebe tone training in the present
experiment was that the hens may not have had ar@ygpsure to the tone signalling food
before a preference for it was assessed. Inalv@rig phase with sound, there were
approximately 20 trials of the tone being assodiateh food before preference for the tone
was assessed in any one session. This may nobkawneenough trials to establish the tone as
a signal. O’Daly et al. (2005) conducted 20 tnagnsessions before assessing preference for a

signal and within each session the terminal-linkgli was followed by food for 40 trials.



This makes a total of 800 trials where food follovike terminal-link stimuli before preference
for it was assessed, a number far greater thaningbd present study. Although training
sessions continued for 10 sessions in the presahy,smaking a total of 200 trials of food
being associated with the tone, as the cumulatimeber of trials increased across sessions,
preference for the tone did not increase.

As previously mentioned, research with hens hawshbat they would not move to
turn a pure tone on or off, either when it was\aetd continuously or in pulses (MacKenzie et
al., 1993). MacKenzie et al. did find, howevegtthens would move to turn off other tape
recorded sounds, showing that hens would learmdm ather sounds. As previously outlined,
Muller (1987) also found that hens did not leartutan off a high intensity tone. It was
suggested by Muller that the hens may not haveddlia tones to be aversive. From these two
studies it was shown that tones, even very loud,atid not seem to affect the behaviour of
hens in that the tones were not avoided and thésoma of the reasons it was selected for use in
the present experiment. Although other researstshawed that loud tones can suppress
responding in rats (Reed & Yoshino, 2001, 2008haly be that a pure tone is not a stimulus
that affects the behaviour of hens (MacKenzie ¢t1893; Muller, 1987). A pure tone is not a
naturally occurring sound. It is a steady tonéaitt overtones that has different properties
from naturally occurring sounds and this may be wags do not react to it. A suggestion for
future research of this type would be to use a ddhat is known to affect the behaviour of
hens, either positively or negatively, when attangpto alter the reinforcing value of the
sound.

The present experiment employed a variable I'Brtsure that the frequency of primary
reinforcement was not too high, as suggested bhlRa@d 976) to be a factor in determining
the strength of a conditioned reinforcer. The @enf silence in the ITI meant that the tone
was signalling food and without the period of sderthe tone would play continuously and
therefore would no longer function as a signale Téngth of the ITI used here, however, may
have affected the success of conditioning. Theofisdonger fixed ITI would have meant that
the tone signalled a greater reduction in delagitaforcement and the results may have been
more conclusive.

In the present procedure the training phase ind@@ions 2 and 3 can be thought of as a
pre-feeding phase, as food was delivered non-cgenithy in this phase. It has been shown that
response rates decrease when pre-feeding occlasg@chwendiman & Nevin, 1998;
Plowright, Church, Behnke & Silverman, 2000). Dgrthe training with sound condition



there were no differences between the local rdtessponding to keys associated and not
associated with the tone but response rates kewdl decreased for most hens when training
was introduced. Response ratios also became macdhvariable over time in Condition 3.
Over the course of the experiment response ratgsoed to drop and were lowest in the last
sessions of Condition 3 (training with no sound¥laswn previously in Figures 4.3 and 4.4.
However, it has been shown that pre-feeding doeaffect choice behaviour (Temple, 1973).
Ratios of responding and time allocated @gn Condition 3 were more variable for some
hens but this was mainly due to the very low nundie@esponses occurring; as low as 8-20
responses in an entire session for some hens., Whils the pre-feeding during the training
phase in this experiment decreased the local chtesponding during the preference
assessment, it was unlikely to have affected anjcetbehaviour in the preference assessment
phase of Condition 2 and only appeared to affectéisponse ratios of some hens at the end of
Condition 3.

Although in the present experiment there wererghbkat increased their noise biases
towards the keys associated with the tone, aftedtbeen associated with food, this increase
was only small and the remaining 3 hens showeoppesite, an increase in noise bias away
from the keys associated with the tone. Genertilly present experiment was not successful in
creating a tone as a positive or preferred sountldos. There are a number of possible
reasons for this outcome, including problems whi arrangement of the training phase. In
spite of these problems it was thought that thegutare could work but one of the main issues
that could be addressed was the use of a puredenemay not be a stimulus that affects the
behaviour of hens. Therefore, the next experirtt@tused other sounds, that have been shown
to affect the behaviour of hens, as they may beerafiective when attempting to increase the

value of sounds by associating them with food.



EXPERIMENT 5

Experiment 4 showed that only 3 hens’ preferesbéted towards the keys associated
with a tone that had been continuously associatédfaod. However, the magnitude of this
shift was small. Thus, the experiment was notaessftl in changing the value of a 4000 Hz
tone such that it would be preferred by hens. Sumgestion for the failure to find an effect
was that pure tones have not been shown to hagéeunt on hens’ behaviour, even when
played at very loud intensities (MacKenzie et B993; Muller, 1987). It may be that a pure
tone is not a sound that affects the behavioueasheven when it is likely to be at an aversive
intensity or when it has been associated with foas.previously suggested, it may be better to
examine sounds that have been shown to affect lhraguch as white noise and a food call,
and then determine if the effects of such sountés ahce they have been associated with food.

White noise and the food call have been showrigthesis, to be sounds that are not
preferred by hens when compared to no sound. Ewrpet 1 showed that these sounds biased
the responding of all hens when using concurrémtduales. In Experiment 2, the food call
biased responding of all hens in the initial-lirghsd the white noise biased responding of 3
hens. Because these experiments showed that mdigte and the food call affected the
behaviour of hens, which has not been shown farra fone, it may be possible to alter the
preference or value of these sounds by assocititerg with food. In doing so, it may be
possible to decrease the bias resulting from wiotee and the food call by associating them
with food in the same manner as in Experiment 4.

As discussed in Experiment 4, multiple-concurretiesiules have proved useful for
assessing the effects of other sounds in thisglzesl in research of others (McAdie, 1998;
McAdie et al., 1993, 1996). Thus, multiple-conemtrschedules were used again in the
present experiment to assess any effects thatiasagsounds with food has on the
responding of hens. Also previously outlined, tiregpa positive association with a stimulus
has been shown to increase preference for thatilsismfor example, when a key colour has
been associated with a shorter delay to food (/Bahl., 2005) or a neutral flavour has been
paired with a sweet one (Havermans & Jansen, 20Di7)s, it is possible to alter the effects of
a stimulus by associating it with something thagtasitive or preferred, such as food.

The aim of the present experiment was to createsdiye association with white noise
and the food call by making these sounds predictitbe arrival of food. It was hoped that

this would decrease the magnitude of noise biaggjlahown away from the keys associated



with these sounds, compared to when there hadri®eassociation with food. It was also
thought possible that the direction of lggduring the conditions when sound was predictive o
the arrival of food, would be towards the keys agded with sound. The experimental
parameters were kept the same as those used imifBgpé4, in order to make comparisons
across the two experiments. Given that the respgraf these hens in Experiment 4 was
stable after three sessions of training, threaitigisessions were conducted in the present
experiment before the hens were returned to basetinditions.

Method

Subjects
The subjects were the same as Experiment 4 dnahfdér the same ethical protocol
(Ref: 763).

Apparatus

The apparatus used was the same as Experimenegtdkat the food call (the same as
used in Experiments 1 and 2) was relayed usingdianpayer and the white noise was relayed

using the noise generator from Experiment 4 (Med*R@odel no. ANL-912).

Procedure

The present experiment began two months after lirpeat 4. The general procedure
used was the same as in Experiment 4 with theviiolig exceptions. Baseline conditions using
multiple-concurrent schedules were conducted fomi@utes. In these conditions, sound (at
100 dB) was always associated with responding emetl/left (Components 1 & 3) and
green/right keys (Components 2 & 4). All baseladitions were run to stability and
assessed in the same manner as in the previousragpts. All training conditions were run
for only three sessions. Data recorded were thne ses in Experiment 4.

Table 5.1 shows the experimental conditions, theds played, and whether it was
training or a baseline condition for all conditiorie Condition 1, white noise (100 dB) was
associated with the red/left and green/right kdys multiple-concurrent VI 90-s VI 90-s
schedule of reinforcement. In Condition 2, tragnmas introduced and white noise was
associated with food, in the same manner as Expeti during a 20-min training phase that
occurred before the preference assessment. Scamdlgo played in the preference
assessment components (on the red/left and grgletnkeys). Condition 3 was another

baseline condition where the food call was playedhe red/left and green/right keys and no



Table 5.1
Experimental conditions, the sounds played in eagidition, and whether it was a training or

a baseline condition are shown in each column &mhecondition.

Condition Number Sound Played Training or Baseline
1 White noise Baseline
2 White noise Training
3 Food call Baseline
4 Food call Training
5 Food call Baseline
6 Food call Training (no reinforcers)
7 Food call Baseline
8 White noise Baseline
9 White noise Training (no reinforcers)

10 White noise Baseline




training occurred before the preference assessmagdin, in Condition 4 training was
introduced before the preference assessment arfiddatieall was associated with food (as
previously described) and also associated wittsthmd keys during the preference
assessment. Condition 5 was a replication of Gmmd3.

To examine the effects of sound alone during thimitng component, Condition 6 was
a replication of Condition 4, except that no foogswprovided in the training phase. Instead,
the sound played during training was on a VT 30ksedule, with a variable ITI averaging
around 30 s, and no food was provided. The trgipimse was still followed by a preference
assessment phase where the food call was agaiciassowith the sound keys. The remaining

conditions followed the same pattern but insteattheffood call white noise was played.

Data analysis.
The data were analysed in the same manner as Ewgerét and are presented from the
last three sessions of each baseline conditioralutidree sessions from the training conditions.

Results

To examine the effect of the presence of sounegspanding of the hens the estimates of
log g (noise bias) (calculated in the same manner asri#rpnts 1 and 4, using Equation 6) are
presented in Figure 5.1 for each white noise camdiplotted for each hen. Figure 5.2 shows
these estimates for the food call conditions, ptbfor each hen. Note that the scale for Hen
115 is different from the other subjects in botfufes. In Figures 5.1 and 5.2 noise biases are
shown for conditions when either white noise (%44 food call (5.2) was played on the
red/left and green/right keys in baseline but mming occurred before the preference
assessment. A training phase occurred beforeréierpnce assessment in the training
conditions with food (Training+food) and withoutoid (Training-food). Points above the line
at zero indicate a noise bias towards the keysaged with sound, and below zero indicate a
bias away from the keys associated with sound.

Figures 5.1 and 5.2 show that for most subjectsoreding and time allocation estimates
of log q differed in magnitude and these estimates weenait opposite directions (e.g., lqg
for responding was negative and kpépr time allocated to responding was positivepeesally
for Hens 112 and 114. This indicates that morparses were on the key not associated with
sound but more time was spent responding to kesacaged with sound. For all hens, and in

most conditions, response-based noise biases weanefeom the keys associated with white
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noise or the food call, while time allocated ndiszses were either close to zero or towards the
keys associated with sound. An exception to tlais moise biases for Hen 113 whose response
and time allocation biases were similar across itimmd for both sounds. However, what is of
most interest here is any changes in noise bias lraseline conditions to those where training
occurred.

The time allocated noise biases across both soumdit®ons tended to be similar to
biases in the baseline conditions for most hen anly small changes seen for some hens.
An exception to this was an increase in the tinecated noise bias during the training
condition with food for Hen 115 (white noise) amd Hen 114 (food call), which was not seen
in the training condition without food.

Across Figures 5.1 and 5.2, response-based na@sedin the training with food
condition showed more change from the baselineitiond when white noise was associated
with the sound keys, compared to when it was aatetiwith the food call. When the training
with food condition was introduced, there was ammease in response-based noise bias for
white noise, 4 hens (112, 114, 115, & 116) showetherease in response-based noise biases
from Baseline 1 and for the food call 4 hens (Heh, 112, 114, & 115) showed an increase in
response-based noise bias from Baseline 1. Howtheedegree of these increases was small
for some subjects. When the training without fewas introduced response-based noise biases
for 2 hens (Hens 112 & 115) increased from Basdliaed this increase was also seen for 2
hens (Hens 111 & 112) for the food call. In theaficondition (Baseline 3), for both sounds
noise biases from responding were similar to Baseli for most hens.

In the training condition with food, there was anrease in noise bias from Baseline 1
away from the sound keys in 9 out of 12 cases laedame was shown in 6 out of 12 cases for
the training condition without food. Thus, thesfitraining condition with food gave an
increase in noise bias in more cases than didaimarig without food and the degree of this
increase also tended to be greater when food veascied.

The estimates of log (noise bias) for responding post and within theDJ0r all
conditions are presented in Figure 5.3 (white nasel Figure 5.4 (food call), for each hen.
Values of logg were calculated in the same manner as above. tNatt¢he scale for Hen 115
is different from the other subjects in both figaréAs in Figures 5.1 and 5.2, noise biases are
shown for baseline conditions for each sound amditrg conditions with (Training+food) and

without food (Training-food). For Hen 115, estiesbf logq in the training condition with
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food are presented for only the first session f thndition because too few responses
occurred in the following two sessions, therefonesa biases could not be calculated.

Figures 5.3 and 5.4 show that for 2 hens (Hen 112.4) noise biases (lay for
within-COD responding were generally larger thaat finom post-COD responding and these
biases were in the opposite direction in some ¢mmd#. The post-COD noise biases generally
followed the same trend as the total response(&a&jares 5.1 & 5.2), for both sounds. For
white noise, within-COD noise biases in both tnaghconditions generally increased from
baseline in 7 out of 12 cases, while for the foalll this increase was seen in only 4 out of 12
cases. Increases in within-COD noise biases fraselme for the two training conditions
occurred in 7 out of 12 cases for training withd@md in 4 out of 12 cases for training without
food.

Throughout training conditions with and without h@esponses to the inoperative unlit
keys were recorded and graphs of these data shaovednsistent trends across subjects over
the three training sessions. Generally, the nurob#trese responses was very low and there
were no consistent differences between the nunfbesponses that occurred when the sound
was and was not playing during the training phases.

Local rates of responding to the sound keys (réd#lgreen/right) and the no sound
keys (red/right & green/left) are shown in Figurd fr white noise and in Figure 5.6 for the
food call, plotted for each hen. Local responsesravere calculated by dividing the number of
responses on a key by the time spent on that kigy dime data shown for the sound keys was
the average rate of responding to the left keyhénred components (1 & 3) and the right key in
the green components (2 & 4). Figures 5.5 andbosv that the local rates of responding for
both sounds varied across conditions but that Wexg lower on the sound keys for all hens,
with the exception of Hen 113, who showed simitaponse rates to all keys for both sounds.
The differences between responding to the soundharsund keys were also larger for white
noise than for the food call, for all hens. Withitg noise, in both training conditions the
difference between response rates to the sound@sdund keys tended to increase from
baseline (9 out of 12 cases) and also increasdatiédiood call but in fewer cases (4 out of 12
cases). For both sounds, across training sesaitim$ood the local rates of responding to all
keys decreased from Baseline 1 for most hens (L0fdlR cases) and a larger decrease in rate
was seen on the sound keys. For training withoumd, there was again a decrease in local
response rates to the sound and no sound keyBasedine 2 but only for some hens (7 out of
12 cases).
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The estimates of lolg (key bias) across conditions are presented in Apipesa (white
noise) and Appendix 5b (food call). These figuskswed that there were no consistent trends
seen across conditions for both sounds and thene algo no systematic differences in lng
between the baseline and training conditions. Mmkan number of COs in the red and green
components was also inspected and are shown inndppBc (white noise) and Appendix 5d
(food call). The changeover data followed a sintiland to that seen for the local rates of
responding where for most hens the mean numbe©Osfd@opped in both components when
training with and without food was introduced (1& of 24 cases across both sounds).

In summary, when either training condition wasadtrced there was generally an
increase in response-based noise biasg@yvay from the keys associated with sound. Time
allocation noise biases showed the opposite efield of 24 cases, with an increase in noise
bias from baseline, towards the keys associatddseitind. Noise biases for post- and within-
COD responding also tended to increase comparkds@line for both training conditions, with
more responding towards the key not associatedseitimd for both white noise and the food
call. The increases in noise bias, however, wangel when food was used during training
than when it was not, for both sounds. The loatds of responding on all keys in both
training conditions generally decreased compardzaseline with larger decreases to the keys
associated with sound and this was so in more d¢as@site noise than for the food call. The
mean number of COs in training conditions also el@sed from baseline, following a similar

pattern to the local response rates but no systedifferences were seen across components.

Discussion

It was the aim of this experiment to see if thénirag procedure would increase the
reinforcing value of white noise and a food calliens. This would have been shown by a
decrease in noise bias away from keys associatidhdse sounds, after they had been
associated with food. The overall findings herevetd that for most hens when training was
introduced, regardless of whether it included foodot, there was an increase in the response-
based noise bias away from the keys associatedwhitie noise and the food call. Thus, it
appears that an opposite result was found to ¥peated. It is not clear why this occurred but
some possible explanations will be discussed below.

Although the training used in the present experinm&reased response-based noise
biases away from keys associated with sound, trgiappeared to have only a small effect on

the time spent responding. This resulted from rhests showing lower local rates of



responding to keys associated with white noisethedood call than to keys not associated
with sound, during both training conditions. Tbevér response rate indicates that sound
slowed the hens’ responding. As previously outlinehas been well documented that an
aversive stimulus, such as electric shock, suppsagsponding previously maintained by
reinforcement (e.g., Azrin, 1956; de Villiers, 19&arley, 1980). The reduced rates of
responding seen in the present experiment maylt@em indication that for these hens both
sounds were initially aversive during baseline ¢oods and that the noise biases indicated that
the training in this experiment increased the averess of these sounds.

One consideration here is that during training dmus the hens were exposed to both
the sounds for almost double the amount of time session than they were during the baseline
conditions. In baseline conditions, the sound @ragor approximately half of the session
duration, a total of 10 min. During the traininiggse, sound was on for an additional 10 min
(approximately), making a total duration of exp@stor sound for 20 min in a whole session.
The increase in exposure to sound could have eskirltthe increased aversiveness of sounds
for these hens. Although in Experiment 1 the somad also on for approximately 20 min (of
a 40 min session), it may not be the total duradibexposure time that affected the hens
response to the sounds here but rather the incieas@osure time compared to baseline
conditions. One possible way to resolve this issaeld be to conduct 40 min baseline
sessions that would then have a comparable duratiexposure to sound with the training
conditions. One could then compare the resultetermine if the total exposure to sound
affected the hens’ noise biases.

It has been well documented that animals prefégreaed to an unsignalled
presentation of an aversive stimulus, usually si{tmka review, see Badia, Harsh & Abbott,
1979). If the sounds used in the present expetimere aversive for these hens then it may be
that unsignalled / unpredictable exposure to thissfply aversive stimulus decreased the
preference for it and increased its aversiven&esing the training phase, regardless of
whether reinforcement was provided or not, a véei&bl was used between presentations of
the sound. This meant that the onset of soundnvpsedictable in this situation.

Alternatively, during the preference assessmens@ktize hens were able to control when the
sound was on and off by responding to the keyscés®sal or not associated with sound. In the
preference assessment, the onset of sound wasrnedietpble and under the hens’ “control”.

It is possible that for these hens being exposeahtaversive and unpredictable stimulus



increased the aversiveness of that stimulus, reguft less responding and so a large response-
based noise bias away from keys associated wittstimaulus.

Other people have argued that if sounds are aetisen they may be affecting the
welfare of animals exposed to these aversive soudinismerman and Koene (1997) found
that loss of predictability and controllability iraped the welfare of hens, as measured by an
increase in gakel-calls. Unpredictability of aveesevents can also result in physical
abnormalities, such as stress-induced gastricsuloaiats (Seligman & Meyer, 1970; Weiss,
1972). In their review, Bassett and Buchanan-Sq2ifl97) suggested that, compared to never
having predictability, the loss of predictabilityan aversive event may have a detrimental
effect on an animal’s welfare, as shown by an iasedn measures taken to indicate the
presence of stress. In the context of the presgrgriment, during the training phase the hens
no longer had control over when the sound was eediy;, thus there was a loss of predictability
and control. One study showed that when rhesuskeysrost control of the presentation of an
aversive auditory stimulus, which was previouslgtcolled by lever presses, this loss of
control, compared to never having had control,@ased plasma cortisol levels in the monkeys
blood (taken to indicate the presence of stresahgdn, Larsen & Snowdon, 1976). There was
also an increase in aggressive behaviour showhégnbnkeys. The increased suppression of
responding to keys associated with both soundsi@tinie training conditions indicates
increased aversiveness of these sounds. Thympetes that the training phase in the present
experiment may have been itself aversive for tieses but without any additional behavioural
or physical measures taken to indicate such chahgesan only be a supposition. It is
recommended that future experiments assessindféetseof aversive stimuli that are
unpredictable, or where predictability is taken gwese additional measures that may show a
negative impact on welfare. For example, thesesnrea could include physiological
indicators, as used by Hanson et al., or behavicatacators of diminished welfare (i.e.,
frequency of abnormal behaviours) (Keeling & Jen2899).

One unusual finding in the present experiment Washias resulting from time
allocation for 4 hens in the white noise conditiansl 2 hens in the food call conditions (in 13
out of 24 cases for both sounds) increased tovtaelkeys associated with sound when the
training conditions were introduced. Hence, thesienals increased the amount of time they
were in the presence of the sound but they resgbaide much slower rate when the sound was
playing. One idea that could help explain thiscouate is that the training phase may have
taught the hens not to respond in the presenceunids Given that during training with food



the hens were non-contingently provided with thedfovhen the sound was then played in the
preference assessment phase food was provideesgentiy on responding to the keys. Itis
possible that these hens learnt not to respontkeiptesence of sound and that food would be
provided non-contingently. However, this seemskety as the same procedure was used in
Experiment 4 and this effect was not observedire tallocation biases there, or in the local
rates of responding. Furthermore, if the hensnleiat the presence of sound resulted in non-
contingent food this effect would not have beemsedraining conditions without food, and in
some cases it was observed. Consequently, it islear why there was an increase in time
allocation biases towards the keys associatedseittimd for some hens and this is an area that
warrants further investigation.

In the present experiment there was a greateraserm the degree of noise bias away
from the sound keys in training with food compatedraining without food. The training
without food condition was conducted to separageetifiects of sound from food. Given that it
seems unlikely that the presence of food wouldeiase the aversiveness of a sound there must
another explanation for the greater increase isebias with food than without food. The
order of training conditions and previous experen@y have played a part. After having
already experienced a training phase, albeit vaitidfprovided, the second training phase
without food may have had less impact on the hessponding. As the training condition
without food was conducted in an attempt to helgeustand and to compare with the results
from the first training condition (with food), cotarbalancing was not possible. It is also
possible that the hens’ previous experience tatipgedictable presentation of sound and to
the increased total duration of exposure to thesads reduced the effects of sound on
responding. However, there is no way to confiresthsuggestions without replicating these
conditions in a different order.

As previously outlined in Experiment 4, there wsoene possible problems with the
way in which the training phase was arranged imptiesent and the previous experiment.
Some ways to overcome these problems in futurera®pets could be to arrange the training
phase differently, such as associating the souttdfand for a larger number of trials and
using a longer ITI. With a longer ITI the sounduwlebthen signal a greater reduction in the
delay to reinforcement, which according to DRT wbulcrease its value (Squires & Fantino,
1971). Alternatively, it may be better to establise sound stimuli as a signal using a
procedure that relies on the animal making resprsseh as in multiple-chain schedules.

Concurrent or concurrent-chains schedules could bleeused as probes to assess preference



for the sound in a similar way to those used by &yt al. (2005), which would avoid the
possibility of extinguishing any conditioned effectin this way, there is less exposure to the
stimulus in the absence of food. The use of prelmdd also mean that the context in which
the signal was established and the assessmergfef@mce for the stimulus are similar. Thus,
probes may better aid in assessing preferencesdignal without affecting its value or
signalling ability in the process and would keep tlontext the same as when the signal was
established.

In conclusion, the original intention of the presexperiment was to increase the
reinforcing value of sounds that were previouslypreferred by associating them with food.
However, this was not successful. The trainingsph&sed in the present experiment generally
increased response-based noise biases away frameybassociated with sound, rather than
towards them. This may indicate that the trainmact decreased the value of the sound and
increased its aversiveness. One possible exptemnfatr this outcome was that during training
the hens were exposed to an unpredictable souhththano longer had control over. lItis
suggested that future experiments of this type ialdade measures that may indicate any
negative effects on welfare, such as indicatostrefss within blood or abnormal behaviours,

which can then be compared with the effects of dewam responding.






GENERAL DISCUSSION

The series of experiments presented in this tlampted to examine the effects of
different sounds on the choice behaviour of dorodstvl using a range of procedures. These
included concurrent and concurrent-chains scheduldghe conditioned place preference
procedure. It was clear the different procedusggonflicting conclusions about the hens’
preferences for sounds. Only the food call andevhoise were consistently not preferred by
hens and white noise was also not preferred by dtierigen chicks. Otherwise, measures of
preference for the different sounds used were isistent across hens. Nevertheless, the
procedures used here all gave some informationtabeypreferences of domestic fowl for the
sounds used but the results were not always censiatross animals.

Although there is a body of research investigaéingmals’ responses to sounds, there
have been only a few studies that have made usenclirrent schedules to assess animals’
preferences for sounds. The results of three estunly McAdie and other co-workers using
concurrent schedules (McAdie, 1998; McAdie etE93, 1996) were consistent with those
found here. In Experiment 1, when using concursehedules the results were consistent
across hens where all sounds biased their resppadiay from keys associated with sound
and these biases were largest for white noisetantbbd call. This result was the same as that
shown in Experiment 5, also using concurrent sclesdwhite noise, and the food call, but
with a different group of subjects. However, thsuits found here using concurrent and
concurrent-chains schedules were consistent fgrttel food call, which showed the same
effects on responding (Experiments 1, 2, & 5). §,ibe results across the two procedures
were quite different.

Concurrent-chains schedules have been used byaogelgther study to assess animals’
preferences for sounds (Otsuka et al., 2009). Katstial.’s (2009) data were inconsistent
across subjects (rats), but this was similar tadéite from concurrent-chains schedules used
here with hens (Experiment 2). Under concurremifththe noise bias in the initial-links,
resulting from sound in the terminal-links, var@mhsiderably across hens for all sounds
except the food call. In contrast to the reswdtentd using concurrent schedules, some hens
showed initial-link biases towards the key leadimgound. It is unclear why the results across
the two procedures were contradictory and compasisd these procedures are problematic.

Three different procedures were used in this theasisthere were some consistencies

and inconsistencies across their results. UnadeC®P procedure (Experiment 3) an area



associated with white noise was avoided by domésticchicks and this was consistent with
the results under concurrent schedules using hdul (Experiments 1 & 5). However, for the
food call the results from both concurrent and corent-chains schedules were inconsistent
with those found using the CPP procedure. Thesetivere no commonalities across all three
procedures used in this thesis but some of thengistencies may be explained.

Under concurrent schedules hens’ responding wagdiar slowed by the presence of
white noise (Experiment 1). Thus, white noise saggested to be aversive to these hens.
From this, it was assumed that white noise woudd bias the responding of the same hens
away from the initial-link key leading to sound @nd concurrent-chains procedure
(Experiment 2). However, this was not the caseaniination of the noise biases (lggfrom
responding during both of the concurrent and caeciichains experiments (Figures 1.3 &
2.1) revealed that for 3 hens (Hen 31, 34, & 38)dhection of noise bias resulting from white
noise was the same, and were opposite for the nemga8 hens (Hen 32, 33, & 36). Hence, no
consistent effects were seen across experimerggreviously discussed, O’Daly et al. (2005)
suggested that when assessing preference for si@madditioned reinforcers) concurrent and
concurrent-chains schedules were measuring diffeféects of the signal stimuli. They stated
that concurrent-chains assessed the relative stref@ stimulus as a signal, while under
concurrent schedules the signal stimulus was niteetive at eliciting responding. Adding to
this, Grace and Savastano (1997) stated thatlhitkastimuli had weaker control over
responding than concurrent schedule stimuli thaewamediately followed by food. This can
be taken to mean that in the present experimeatpréfsence of sound in concurrent schedules
was a more effective stimulus at biasing behaviban when it was present in the terminal-
links of a concurrent-chains procedure. Althoudbdy et al. found that preferences for a
signal stimulus were the same when using concuamthiconcurrent-chains probes,
inconsistent results were found here using thesesttiedules. This difference in results may
be related to the fact that O’Daly et al. were meag preference for a key colour which had
been established as a signal, while in the presriments preference was measured for
sounds that had not been established as sigrtadserhs from the results presented here that
the presence of sound in concurrent schedulesrating iterminal-link of concurrent-chains
schedules had different effects on preference laaidthese two procedures were measuring
different effects of sound.

The purpose of adding sound to the concurrent andwrent-chains schedules was to

see if the presence of sound had the same effedisttaviour. However, these two procedures



delivered different results. If O’'Daly et al.’sQ@5) assumption is correct (when assessing
preference these two procedures measure diffefieat®of a stimulus), then each of these
procedures may be better suited for assessingetiffstimuli. Continuous white noise was
shown to be an aversive stimulus for hens in caoratischedules, in this thesis and in McAdie
(1998), as the noise suppressed their respondieg Whvas present. When white noise was
used in the concurrent-chains procedure, initred-preferences for schedules associated with
white noise were inconsistent across hens anddhigt was inconsistent with what is known
about white noise. The consistent results foumaigusoncurrent schedules demonstrates that
they may be more suitable than concurrent-chainageessing preferences for negative or
aversive continuous sounds. If it is assumeddhatsive sounds have a negative impact on an
animal’s welfare then concurrent schedules may ®mising procedure for identifying these
aversive sounds.

Concurrent-chains procedures have been used ex¢gnt) assess animals’
preferences for conditioned reinforcers (signasy.( Dunn & Spetch, 1990; Grace &
Savastano, 2000; Preston & Fantino, 1991; Willi&i3unn, 1991). In these experiments, the
stimuli (key colour) in one terminal-link leadsddetter overall outcome than the alternate
terminal-link and this stimuli is therefore estabkd as a signal. Concurrent-chains were used
in Experiment 2 but with equal initial- and equadnhinal-links, thus the overall outcomes were
the same on both chains. Although some hens shprederences towards the initial-link key
leading to sound when they had shown the oppasiExperiment 1 (a bias away from the key
leading to sound), this effect was not consistedtshown in only 10 out of 28 cases. It may
be that in these cases the sound added ‘extrae valthe terminal-link when it was present,
therefore acting as signal, but this was not aistet® effect across subjects. Otsuka et al.
(2009) used a similar concurrent-chains procedutbat used here and also found
inconsistencies across the response ratios imiti- and terminal-links. It appears from the
results presented here, and those of Otsuka ¢hai.concurrent-chains are not suitable for
assessing sound preferences. However, concurairiscare evidently useful for assessing
preferences for signals. It is clear that nonthefsounds used in this thesis were already
signals for hens, even the food call, but some detimat animals are exposed to do signal a
forthcoming event (i.e., the sound acts as a camditl reinforcer). Thus, concurrent-chains
may be more suited to assessing preferences fadsdbat already function as a signal.
Identifying these sound signals means that theyddog used to attract an animal, which could

assist in pest control efforts such as luring ppsties (e.qg., ferrets, rabbits, or possums).



It was argued earlier that concurrent schedules btz advantage over other preference
procedures because they allow for the differemirabietween the degrees of preference for
different stimuli and make it possible to quantifig effects of sounds on choice behaviour.
While concurrent-chains can also be used in thig &g this thesis has showed they are not
suited to assessing animals preferences for souddscurrent schedules can be used to assess
sounds that may be aversive or preferred and whed liere (Experiments 1 & 5) generally
gave consistent results across subjects and exg@smBecause the size of an animal’s
preference for one alternative over another caguaatified using concurrent schedules, this
procedure has the advantage over some other pn@sedtihis includes such procedures as
escape or avoidance procedures, which as previoostyl are normally used to assess sounds
that animals avoid or find aversive and it is uachich measures of behaviour (latency or
avoidance distance) should be taken to indicatatgraversiveness. Furthermore, procedures
that rely on measuring an animal’s time spent aessund source can be used only for sounds
that attract and T- or Y-maze procedures can betipedly problematic when giving the animal
a choice between some types of stimuli (e.g., seuighting, or temperature). Concurrent
schedules have advantages over using other preaednd have been shown here to be useful
for assessing domestic hens’ preferences for diftesounds.

Adult hens showed a preference away from a fodduaaler concurrent (Experiments 1
& 5) and concurrent-chains schedules (Experimentgh#le domestic hen chicks spent more
time in the area associated with the food call@mabse this area first more often. The
difference in these two findings may be a resuleafning. Fisher (1976) found that domestic
hen chicks showed an unlearned response to a &dbanel this may be why it was preferred
by the chicks. Research into the effects of faaltirgg has examined the responses of domestic
hens that have been housed with males, thus trseHas@ had continued exposure to food calls
(e.g., Evans & Evans, 1999; Gyger & Marler, 198&rMdr et al., 1986; van Kampen, 1994).
One possible explanation for the lack of preferesto@vn by adult hens for a food call is that
the ‘unlearned’ preference in chicks may disappeadult hens without continued exposure to
the sound. Further research comparing the resp@uk#t hens that have not been exposed to
food calls with those that have had a lot of exgreze with food calls could confirm this.

The conditioned place preference procedure (CPB)us@d in Experiment 3 to assess
domestic hen chicks’ preferences for places assatisith sounds. Domestic hen chicks were
chosen because they have been used in previowscleseith CPP and were easier to handle

when conducting the CPP procedure. There were sdwentages to using this procedure,



over using concurrent and concurrent-chains sclkesdulhich included the assessment of
preference in the absence of sound and in the ebs#meinforcement. The results for white
noise using the CPP procedure were consistenttiade using concurrent schedules
(Experiments 1 & 5). However, the food call gaviéedent results from the concurrent
(Experiments 1 & 5) and concurrent-chains schediidgperiments 2). This may have been
due to the use of different subjects (i.e., chicksadult hens), rather than the different
procedures. Previous researchers showed thatRRegp€cedure can be used with domestic
hen chicks to assess the effects of the injectiaras on their place preferences (Bronson et
al., 1996; He et al., 2009, 2010; Hughes et aB519iang et al., 2011). The results found in
Experiment 3 are consistent with previous reseanthsuggest the procedure can be used to
assess the effects of sound and food on CPP byddierhen chicks. CPP is a quick and easy
procedure to conduct compared to concurrent andurcent-chains procedures. It also has the
potential for use in assessing a wide range ofusijreuch as temperature, sounds, or lighting
that would otherwise be difficult to assess.

In Experiments 4 and 5 an attempt was made teaser hens’ preference for sounds by
associating those sounds with food. It has alrémdyn mentioned that although these
experiments were not successful in their attentpsetare some reasons, as previously
discussed, for the results found. In Experimeritadl the training phase been arranged
differently (see Experiment 4 discussion) then gnexfice towards the tone may have been
shown by all hens and to a greater degree. Inirpat 5, hens did not increase their
preference for keys associated with white noise fmod call that had been previously
associated with food. Instead, response-based bas resulting from the presence of these
sounds appeared to increase and it was arguethihatay be due to both the aversive nature
of the sounds and the unpredictability and uncdiatsdity of the sound when presented in the
training phase. As discussed previously, thisaxgaiion was supported by research on the
effects of predictability (Bassett & Buchanan-Smi2Q07) and by research examining the
effects of loss of control of an aversive auditstiyjmulus (Hanson et al., 1976).

The results of Experiments 4 and 5 clearly showaatithe training procedure did not
result in the sound being positively associateth wabd. It may still be possible to increase the
value of a tone and decrease the aversivenessitaf mdise or a food call by using a different
procedure to associate sound with food. One piigsilvould be to use concurrent-chains to
establish the sound as a signal. This procedwd®déan extensively used to establish different

key colours as signals (e.g., Dunn & Spetch, 1g@dtino et al., 1991; Grace & Savastano,



2000; Williams & Dunn, 1991) and has been usedssess preferences for sounds also (Otsuka
et al., 2009). Although concurrent chains wereduseéExperiment 2, the procedure was not
successful and none of the sounds assessed hagreemusly established as signals. It may
be possible to replicate the procedure used by [9'8taal. (2005) and a sound could be
associated with the terminal-link leading to theader reduction in delay to reinforcement.
This way, the value of the sound would be changechéking it predictive of a better outcome.
By replicating O’Daly et al.’s procedure, prefererfor the sound could be assessed using
transfer tests, such as concurrent or concurreaitigirobes, or concurrent-chains, and the
results could be compared back to those found here.

None of the sounds used throughout this thesis preferred by hens. It may be that a
positive experience with sound is a necessary paition for hens to show a preference
towards it. When an attempt was made to assoemateds with food (Experiments 4 & 5), it
was not successful. It is well known that humaangehpreferences for different types of music
and research has shown that Java Sparrows alsorshsiv preferences (Watanabe & Nemoto,
1998). However, in studies assessing animalsepeetes for sounds most animals have
preferred sounds that function as a type of sighal. example, these have included signals for
food (Moffat & Hogan, 1992), or a signal for matifeg., with crickets (Tregenza, Simmons,
Wedell & Zuk, 2006), and toads (Marquez, Bosch &ltut, 2008)). There is large body of
research investigating imprinting in domestic hbitks, and many of these studies involve
imprinting auditory stimuli (e.g., Gvaryahu, Cungitam & van Tienhoven, 1989; Park &
Balaban, 1991; Russock & Hale, 1979; van Kampenodhis, 1991). Imprinting occurs
when a young animal is exposed to an object dwiagtical learning phase and that they will
then follow or prefer (for a review, see Bolhui891). Auditory imprinting typically involves
exposing a chick to an object that is paired witoand within the first 24 hrs after hatching
(e.g., van Kampen & Bolhuis, 1991). This means #uaitory imprinting involves a particular
type of experience with sound that may enhanceepeate for it. Hence, most researchers
have examined imprinted sounds rather than asgesisicks’ preferences for sounds that they
have no experience of. It appears that for maimyals, including domestic fowl, sounds that
are preferred are ones that function as signateee previously been associated with a
positive stimulus.

Throughout this thesis, white noise has been shovae a sound that is not preferred
across three different procedures (Experiments &,3). Furthermore, when an attempt was

made to decrease the noise bias resulting fronewioise by associating white noise with food



(Experiment 5) surprisingly, the noise bias incegis.e., preference for keys associated with
white noise decreased. Results from Experimenggested that the aversiveness of white
noise increased when its presence became unpiadietad was no longer “controlled” by the
hens. It was suggested in this thesis, and aldddfdie (1998), that white noise was an
aversive stimulus for hens because it slowed refipgrwhen present and this suppression has
been suggested to indicate an aversive stimulush@y 1996). However, further research is
needed to determine if white noise acts as a panishhis could be done by establishing stable
responding to keys and then examining the effeatsaking white noise contingent on
responding to these keys. As previously outlitibd,suppression effect on responding caused
by an aversive stimulus has been widely researahddhe effects of white noise here are
similar to those found using an aversive stimuluwshsas electric shock (Azrin, 1956; de
Villiers, 1980) or a loud tone (Reed & Yoshino, 20@008). Other animals, such as pigs
(Hutson et al., 2000), rats (Hughes & Bardo, 1981ige, (Barnes & Kish, 1957), and sparrows
(Dobson & Petrinovich, 1973; Watanabe & Nemoto,8)3%ave also preferred other sounds to
white noise or avoided white noise. Alternativelfite noise has been shown to help improve
cognitive performance in people with ADHD (Sodedu&ikstrom & Smart, 2007) and

improve working memory in monkeys (Carlson, Ramdchakov & Linnankoski, 1997). Itis
clear that white noise has different effects ofiedént animals but avoidance of an area
associated with white noise and the reduced regp@ss and noise biases in responding away
from keys associated with white noise found in thissis and those of McAdie offer strong
support that it is an aversive stimulus for donuefgwl.

In a natural setting, hens will readily move towsaedfood calling male where the sound
signals the presence of food (Marler et al., 19&)rprisingly, the adult hens in this thesis
(Experiments 1, 2, & 5) preferred the absencefobd call to its presence, as shown by
response-based noise biases away from the keysatesbwith the food call. Similar noise
biases were shown away from keys associated wiitewbise and the food call in
Experiments 1, 2, and 5 but the degree of noisewéas usually smaller for the food call than
for white noise. Contrary to this, using the CP&cpdure (Experiment 3) the area associated
with the food call was chosen first more often hicks after conditioning and more time was
spent in this area. However, a significant CPP mzdgound but it was not significant away
from the area associated with sound either. Onsual finding in Experiment 5 that was not
found in Experiment 1 was that hens showed lowessraf responding in the presence of the

food call when they were responding in a concurpeatedure. This would suggest that for



the hens in that experiment, the food call may Hmeen an aversive stimulus in that it reduced
their response rates in a similar way to white @oilt is unclear why this difference occurred
as the main difference between Experiments 1 amdsSthat the session length was longer.
Although the food call was expected to be a pretesound, it was likely that as the hens did
not have previous experience with food calls beisgpciated with food meant that they had
not learned to respond to it as a signal for foAt.hens in this thesis were raised from day-
olds with no experience of roosters or food callgygesting that responding to the food call
may be learned rather than innate. However, wheridod call was associated with food in
Experiment 5, preference for it did not increa$ais was likely a result of the training phase
not being arranged in such a manner that the harld tearn to associate sound with the food.
It is suggested that further investigation of adhelhs’ preferences for a food call without prior
experience of food calls is warranted.

The sounds used throughout this thesis have clesslyted in different effects on the
choices made by both hens and chicks. As outliméloe introduction, animals can either
show indifference, preference for, or a preferemeay from different kinds of sounds. There
were no sounds used in this thesis that were peef@r can be considered positive for hens.
Some of the sounds used here (white noise & fodJ hawever, can be considered aversive
to the subjects. The alarm call and the soundi®en$ feeding were sounds that could not be
considered aversive but perhaps are sounds thatsameot preferred. The sounds of hens
feeding resulted in generally small noise biasegd) away from the keys they were
associated with in concurrent and concurrent-chegshedules (Experiments 1 & 2). The alarm
call also resulted in small noise biases in cormurschedules but resulted in biases that were
both towards and away from keys leading to thisxddn concurrent-chains schedules.
However, these sounds did not affect the rateesganding when they were present, in either
experiment, and can therefore not be considereciaee In general, the different sounds used
throughout this thesis had different effects onhes responding and could be considered
neutral, not preferable, or aversive. This wadlaimo the results of McAdie et al. (1993)
using a range of different sounds.

Intensively farmed animals, such as domestic favd,often exposed to a range of
continuous noises and this has been shown to haggative impact on animal health (Algers,
Ekesbo & Stromberg, 1978). Assessing the sounfénemces of animals could aid in
identifying sounds that may be aversive or souhdsray help to improve animal welfare.

Few studies have examined the effects of soundsstressor or as potential environmental



enrichment for domestic fowl. Avoiding exposingestic fowl to excessive or aversive
noises could help improve their welfare and mag ald in improving productivity (Voslarova
et al., 2011). As previously noted, it has begroreed that playing a radio helped to decrease
aggression and increase egg laying in chickeneg&Rayner, 1999). A recent study
showed that exposure to intermittent noises reduti@ lower body weight in broiler chickens
during their fattening period (Voslarova et al.12D Given the potential benefits of exposing
domestic fowl to certain sounds, or removing expesa aversive sounds, it is important to
establish which sounds domestic fowl prefer or Binérsive.

In summary, the series of experiments in thisithieave added to the knowledge of the
use of concurrent and concurrent-chains schedualkshe conditioned place preference
procedure for assessing animals’ preferences fordss Some of these procedures were
effective for identifying aversive or negative sdsr(concurrent schedules and CPP) while the
results of the concurrent-chains procedure have b@®nclusive and the data were difficult to
interpret. The conditioned place preference proced a promising procedure for assessing
the effects of a range of stimuli, such as soulnglsting, or temperature, and with some
refinement could be used with a range of diffesgrgcies. It is also a procedure that would be
useful for investigating the affective propertiésounds. It must be acknowledged, however,
that for domestic fowl preferences have not be@wshowards sounds, in this thesis or by
others (e.g., MacKenzie et al., 1993; McAdie etE#93). However, the hens did show
preferences away from sounds that were aversiheis,Tit seems clear from the findings of this
thesis that concurrent schedules and the CPP proeatileast could be used with a range of
species to assess their preferences for variousoenwental stimuli and may provide

information with the potential to improve animal lfaee.
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Appendix 1c.Figure showing the local rate of responding (per) to the red left (L) and
green right (R) keys and the red right (R) and gieé (L) keys, averaged across components,
in the conditions with no sound (NS1-3) for Expezithl, plotted for each hen.
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Appendix 2b.Figure showing the local rate of responding par) to the left and right initial-

link keys in the conditions with no sound (NS1-6) Experiment 2, plotted for each hen.
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Appendix 2c.Estimates of log for responses (filled circles) and time allocat{anfilled
circles), taken to the left key, in the initialdifior conditions with no sound (NS1-5), plotted
for each hen in Experiment 2. The ratios of reiodos obtained are indicated by an asterisk.

The error bars represent one standard deviatibereside of the mean ratios.



[ ) [ [
[ [ [
{ { o
o { {
L] AN - L < - L O -
™ ™ ™
T T T T
[ [
] o
[ [
o  J o
o —r [ ] ™M [ ] L0 -
™ ™ ™
T T T T T T T T T T T
©C Q@ 9 9 99 O O O @ 9 9 9 O O 9o Q@ 9 9O O o o
N & ©® © T « N & & ©® ¥ « N & ® © T «
i - i i i i

uoIssas Jad sianoabuey) Jo JaguinN ueay

NS3 NS4 NS5

NS2

NS3 NS4 NS5

NS2

NS1

Condition

NS1

Appendix 2d.Mean number of changeovers per session for donditvith no sound (NS1-5),

plotted for each hen in Experiment 2.
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Appendix 2e.Mean number of changeovers per session for donditvhen white noise at 100
and 105 dB was associated with either the LefoofLRRight (R) terminal-link, plotted for each

hen in Experiment 2.
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Appendix 2f.Mean number of changeovers per session for donditvhen either the alarm
call, sounds of hens feeding or the food call vespeaiated with either the Left (L) or Right (R)

terminal-link, plotted for each hen in Experiment 2



Food Food Call

Difference in Time Difference in Time
Spent in Conditioned Spent in Conditioned

Subject Compartment Subject Compartment

1 -301 9 -124

2 390 10 -146

3 423 11 -20

4 610 12 -50

5 -211 13 213

6 -94 14 313

7 165 15 144

8 7 16 -67

White Noise Chick-sounds
Difference in Time Difference in Time
Spent in Conditioned Spent in Conditioned

Subject Compartment Subject Compartment

17 -155 25 22

18 -500 26 -295

19 -139 27 176

20 80 28 54

21 -420 29 -409

22 -343 30 -232

23 -169 31 -107

24 -39 32 -21

Appendix 3b.Difference in time (s) spent in the conditionednpartment from pre- to post-
conditioning sessions for individual subjects iclegroup of Experiment 3; food, food call,

white noise and chick-sounds.
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Appendix 4b.Estimates of log for responses (filled circles) and time allocafeaffilled
circles) taken to the left key, plotted for all tt@ining sessions with a tone, for each hen in

Experiment 4.
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Appendix 4c.Cumulative responding over time to the left illcircles) and right keys

(unfilled circles) across the four 5 min componeptstted for each hen. These data are from

the first session of the preference assessmeet,th# first training phase, in Condition 2 of

Experiment 4.
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Appendix 5b.Estimates of lo@p for responses (filled circles) and time allocagexfilled
circles) taken to the left key, plotted for all wéhnoise conditions for each hen. Estimates of
log b are shown for the last three sessions of eacHibas®ndition and each of the three

training sessions with and without food.
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Appendix 5c.Estimates of lo for responses (filled circles) and time allocaffilled

circles) taken to the left key, plotted for all tboall conditions for each hen. Estimates of log
b are shown for the last three sessions of eacHibasendition and each of the three training
sessions with and without food.
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Appendix 5d.Mean number of changeovers per session for aonditluring the red (filled
circles) and green (unfilled circles) componentsclanditions with white noise, plotted for
each hen. Mean changeovers are shown for eachneasendition and training conditions
with and without food.
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Appendix 5e.Mean number of changeovers per session for donditluring the red (filled
circles) and green (unfilled circles) componentscianditions with the food call, plotted for
each hen. Mean changeovers are shown for eaclingasendition and training conditions

with and without food.



