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Stellingen

Frustratie in de leghen is niet alleen zichtbaar in het gedrag maar ook
hoorbaar aan een specifieke vocalisatie, de gakel (Engels: “gakel-call”).
Dif proefschrift

Voor leghennen die geblokkeerd worden in hun eetgedrag geldt: des te groter
de motivatie, des te groter de frustratie, des te meer gakels.
Dit proefschrift

“Kakelen als een kip zonder kop” is de gemiddelde kip vreemd; bij het maken
van geluiden houden kippen wel degelijk rekening met de omgeving waarin
ze dat doen en de aanwezigheid van soortgenoten.

Dit proefschrift / Evans, F. and Marler, C, Ibis 138: 26-33 (1996)

A feeling is a stimulus to muscular action.
Onder andere dit proefschrift

In het licht van de theorie van de “motivation-structural code” (dieren
produceren hoge, zuivere tonen in niet-agressieve situaties en lage, rauwe
tonen om angst aan te jagen en hun agressie te etaleren) is het
verbazingwekkend dat er mensen zijn die voor hun plezier naar Bob Dylan
(Robert Zimmermany} luisteren,

Het voortdurende geklaag van Volkskrant-lezers dat ze in het weekend geen
tijd hebben om de dikke zaterdag-editie uit te lezen komt voort uit het ‘en-je-
bord-netjes-leeg-eten”-syndroom.
Ingezonden brief, De Volkskrant

Het is merkwaardig dat mensen die “op zoek zijn naar zichzelf” daar
doorgaans eerst duizenden kilometers voor menen te moeten reizen.




8. Het door middel van selectie zoeter maken van spruitjes om tegemoet te
komen aan de smaak van de consument is een aanwijzing dat “ver-
endemollen” ook al tot de landbouwsector is doorgedrongen.

9. Geluk is een goede gezondheid en een slecht geheugen.
Albert Schweitzer

10. Popmuzikanten die bekend staan om hun “goede teksten” zouden er beter
aan doen een boek te schrijven.

11. Voor een groot aantal zaken, en zeker voor stellingen en muziek, geldt: beter
goed gejat dan slecht zelf verzonnen.

12. “We know that every strong sensation, emotion or excitement - extreme pain,
rage, terror, joy, or the power of love - all have a special tendency to cause the
muscles to tremble; and the thrill or slight shiver which runs down the
backbone and limbs of many persons when they are powerfully affected by
music, seems to bear the same relation to the above trembling of the body, as a
slight suffusion of tears from the power of music does to weeping from any
strong and real emotion.

Charles Darwin, The expression of the emotions in man and animals, 3e druk: p. 216
{1872)

Stellingen behorend bij het proefschrift

“Say what?" Vocalisation as an indicator of welfare in the domestic laying hen
Patrick Zimmerman
Wageningen, 16 november 1999




“...too young lo hold on,
too old to just break free and run...”

Jeff Buckley
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Chapter i

General introduction

ANIMAL WELFARE

In order to assess animal welfare, agreement has to exist about what
constitutes the welfare of an animal. Broadly, three approaches for the
scientific study of animal welfare exist (Duncan and Fraser, 1997). The first
one is the ‘nature-based” approach. From this point of view the welfare of
animals is promoted by raising animals in natural environments and
allowing them to perform their natural behaviour. The second approach is
the ‘functioning-based’ one. This approach is based on the view that good
welfare is guaranteed when the biological systems function in a normal
manner so that the animal can fulfil its needs and maintain set points of its
functional systems. The third approach is the ‘feelings-based’ one. This
view assumes that animals experience feelings or affective states, and that
animals suffer if conditions are bad and experience pleasure when
conditions are good.

Although the three concepts of animal welfare are based on different
principles, they often will lead to similar conclusions. In general,
performance of natural behaviour will guarantee the biclogical functioning
of animals. Pleasant and unpleasant affective states can be seen as
evolutionary adaptations that are useful in motivating an animal to
perform behaviour that ensure proper biological functioning.

However, the ‘natural-based’ approach (Barnard and Hurst, 1996; Kiley-
Worthington, 1989) runs into problems when it comes to behaviours that
under natural conditions are adaptations to cope with adverse
circumstances. Under husbandry conditions these adverse situations
sometimes are not present anymore and it would be odd to conclude that
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under these conditions the welfare of the animal is impaired when it
cannot perform these natural behaviours.

In the ‘functioning-based’ approach the concept of ‘stress’ plays an
important role (Fraser and Broom, 1990; Broom and fohnson, 1993). An
animal is said to be under stress when it cannot efficiently or effectively
reach set points of its functional systems and remains in an unsatisfied
state of functional activation. Stress is associated with challenges which
evoke characteristic bodily changes, such as increased activation of the
pituitary and adrenal cortex and increased secretion of corticosteroids.
These changes can be used as indicators of stress. Through these bodily
changes and behavioural reactions an animal is able to face challenges to its
functional systems and in doing so successfully the animal is said to cope
with its environment. When the unsatisfied state of functional activation
persists and the animal is not able to cope effectively with the prolonged
challenges, we consider the animal to be under chronic stress and this can
eventually have pathological consequences. When one wants to assess the
state of welfare of an animal, based on the ‘functioning-based’ approach,
the problem is to judge whether bodily and behavioural changes are part of
the normal coping mechanism or are signs of chronic stress. Ancther flaw
of the ‘functioning-based’ approach is that high levels of biological
functioning (growth rate, reproduction) not necessarily denote a better
quality of life.

The ‘feelings-based’ approach presumes that welfare is solely dependent
on what the animal feels (Baxter, 1983; Dawkins, 1980; 1990; Broom, 1998;
Duncan, 1993; 1996; Duncan and Dawkins, 1983). Regarding organisms as
“sentient” is based on the assumption that evolutionary continuity between
species in neurc-ethological functioning infers aiso mental continuity {the
so-called “argument from analogy”). Feelings or ‘motivational affective
states’ are subjective states, involving negative (feelings of hunger, fear) or
positive affect (feelings associated with eating or playing), that have
evolved to control and motivate behaviour in a more flexible way than do
reflexes (Duncan, 1996; Fraser and Duncan, 1998; Wiepkema and Koolhaas,
1992). The assumption here is that animals will perform behaviours that
will give them more contentment and/or will prevent them from
experiencing pain, fear or other negative states (Dawkins, 1980; Webster,
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1994, p. 31). These behaviours have evolved to sustain proper biological
functioning, so in that respect the ’‘feelings-based’ approach and the
‘functioning-based” approach are closely linked (Broom 1998). The
‘feelings-based’” approach in which animals are seen as sentient beings
provides the ethical motive for concern about animal welfare. However, in
operationalising the concept of animal welfare in the ‘feelings-based’
approach one has to look for expressions of a negative or positive state.
One can only recognise these states on the basis of the ‘functioning-based’
approach. Thus disturbed functioning can be recognised from repeated
and intense attempts to perform a behaviour. These attempts indicate a
high motivation to act and can indicate lack of success in reaching set
points of functional systems (Dawkins, 1980; 1990; Duncan, 1992; Fraser
and Broom, 1990; Webster, 1994; Wiepkema, 1987). Disturbed functioning
can also be expressed through emotional expressions, such as vocalisations
{Darwin, 1872; Weary and Fraser, 1995a, b).

Common to all three approaches of animal welfare is the notion that
thwarting or blocking a motivated behaviour can forestall satisfying
biological functioning and, therefore, impair welfare. The thwarting of
behaviour elicits frustration and the behavioural expression of frustration
might, therefore, be an indicator of the welfare of an animal.

PREDICTABILITY AND CONTROLLABILITY

In order to survive an organism should try, in the interaction with its
environment, to detect events and conditions that are important in
sustaining its life. Because most of these events and conditions have a
predictable and/or controllable occurrence, concerning both their spatial
and temporal aspect, organisms have been adapted to this consistency in
life sustaining conditions in the course of evolution. Organisms detect non-
random occurrences of relevant events in their environment through
learning (Dickinson, 1980). In this respect two types of associative learning
can be distinguished. In classical conditioning an animal is able to predict
the occurrence of a certain event based on the occurrence of a preceding
external event or signal. In operant conditioning the animal associates a
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behaviour by itself with a succeeding event or result. Indeed, studies have
shown that predictability and/or controllability seem to be of major
importance to an animal (Wiepkema and Koolhaas, 1992) and that loss of
either one of these can have detrimental physiological and psychological
effects (Hanson et al., 1976; Overmier et al., 1980; Weinberg and Levine,
1980; Mineka and Hendersen, 1985; Mineka et al., 1986).

THE STUDY OF THWARTING OF BEHAVIOUR

Figure 1.

The thwarting of a behaviour which the animal is motivated to perform in
order to assure proper biological functioning can negatively affect its
welfare. Consequently, if we want to get indications of whether and how
much the welfare of an animal might be impaired, we can use behaviours
performed in response to thwarting as indicators of welfare. So,
experiments to study animal welfare must concern the thwarting of
behaviour and the subsequent behavioural reactions. Intervening variables
that might explain the expressions of the thwarting of behaviour are the
motivational state and frustration (Fig. 1).

food-deprivation —3» hunger-motivation —»feeding behaviour

thwarting of feeding behaviour == behavioural effects
, of thwarting

I\

frustmtior;

Schematic overview of the approach of the study of thwarting of behaviour and the variables that
influence the behavioural response to thwarting.
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The conditioning paradigm of learning theory seems to provide a suitable
tool for studying the thwarting of a behaviour and the response of an
animal. By using classical and operant conditioning one is able to instigate
an animal to perform a particular response which served to fulfil a certain
need. Subsequently, this functional sequence is thwarted or interrupted so
as to evoke behavioural responses which then can be studied. In classical
conditioning an animal is trained to associate signals, such as a light signal
(conditioned stimulus, CS), with access to a rewarding commodity
(unconditioned stimulus, US) and the related performance of the
associated behaviour, In operant conditioning an animal is trained to
exhibit a particular response (operant response) because it results in the
occurrence of an US and the performance of the associated behaviour.
These two types of learning also occur in the natural environment of the
animal. Thus the conditioning paradigm makes it possible to incorporate
the concept of predictability and controllability into the experimental set-
up. After all, classical conditioning provides the animal predictability with
regard to a reward and the associated behaviour, whereas operant
conditioning provides the animal not only predictability but also control
over the occurrence of the reward and the performance of the behaviour.
Once we have achieved a certain level of classical or operant conditioning
we can then thwart the conditioned sequence by omission of reward. This
thwarting of behavicur results in frustration, that is “an aversive
motivational state that results from non-reward, reduced reward or
delayed reward in the presence of a history of reward” (Amsel, 1992). So,
the methods of classical and operant conditioning are very suitable to
study thwarting of behaviour and the behavioural response to this
procedure. Furthermore, by varying the intensity of thwarting, it is
possible to investigate whether the level of frustration, in as far it varies
with the motivation, affects the behavioural response to thwarting of a
behaviour. In conclusion, by using conditioning techniques to study the
behavioural effects of thwarting of a behaviour one can approach the
concept of animal welfare from a ‘functioning-based’ point of view. This, in
turn, is grounded in the ‘feelings-based’ assumption that the measured
behavioural and physiological variables reflect variations in experiences of
well-being and unwell-being.
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MOTIVATION AND VOCALISATIONS

The main aim of this thesis is to investigate whether a laying hen has a
vocalisation that is an expression of frustration, i.e. a vocalisation that is
related to whether, and also to which extent, the hen is affected by the
thwarting of a behaviour. In general, before the vocalisation of an animal
can be used as an indicator of its motivational condition two requirements
have to be met. First, it must be clear whether the vocalisation provides
reliable information about a particular motivational condition. Secondly,
we must establish whether a change in the motivational state is somehow
reflected in the vocal behaviour of the animal (Weary and Fraser, 1995a).

In the end, if we can identify a vocalisation that is related to thwarting of
behaviour and is a reflection of frustration, we may have a useful,
additional tool for the assessment of the welfare of an animal.

VOCALISATIONS OF THE LAYING HEN

Domestic laying hens are highly social animals. Within a group they
communicate through visual displays and audible calls. The vocal
repertoire of the domestic fowl consists of about 20-25 discernible calls
(Schjelderup-Ebbe, 1922; Biumer, 1962; Wood-Gush, 1971; Collias, 1987).
From these descriptions of the vocal repertoire of the laying hen one
vocalisation emerges that seems to be associated with the thwarting of
behaviour. This is the call described by Baumer (1962) as ‘Gakeln’. In his
opinion it indicates not only the hen's readiness for egg-laying (hence the
label “Legelaut” by Schjelderup-Ebbe (1922} and “(pre)laying-call” by
Konishi (1963) and Wood-Gush (1971)), but, in general, indicates the
motivation to perform a behaviour or the expectancy of a rewarding
commodity.
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Figure 2.
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Sonagram of a gakel-call. On the X-axis is the time in sec, on the Y-axis is the frequency in kHz. The
higher intensity of a certain frequency is refiected in a darker shade of grey.

This ‘Gakeln’ (Fig. 2) consists of an elongated note, that slightly increases in
pitch, followed by a succession of shorter notes and sounds like “goook
gook ok ok ok” (Baumer, 1962). Collias (1987) described three
vocalisations, ‘whine or moan of hunger’, ‘singing” and ‘quacks’, that, in
succession, seem to resemble Baumer’s ‘Gakeln’. According to Collias these
vocalisations are related to a food context and seem to express the
expectation of food. Other studies indicated that this gakel-call (Meijsser
and Hughes, 1989) is given upon thwarting of behaviour (Huber and
Félsch, 1978; Schenk et al., 1983; Meijsser and Hughes, 1989; Koene and
Wiepkema, 1991).

The aim of this thesis is to investigate whether frustration, induced by the
thwarting of behaviour, in laying hens is expressed through the gakel-call.
Furthermore, we want to know whether motivation and frustration are
reflected in the number of gakel-calls and temporal parameters of this
vocalisation,

CHAPTER I describes an experiment in which two strains of laying hens are
thwarted in their feeding behaviour in a classical conditioning paradigm.
The aim of this experiment was to investigate whether the thwarting of
feeding behaviour and the elicited frustration result in an increase in the
number of gakel-calls.
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Chapter 1II reports on an experiment that studied thwarting of feeding
behaviour in a classical and in an operant conditioning paradigm. In the
classical mode of conditioning the hens acquire predictability of the
occurrence of a food reward, while in the operant mode both predictability
and controllability are obtained. This means that controliability can be
considered as predictability plus added control. From this distinction we
deduced the prediction that omission of reward in the operant mode will
be more detrimental to an animal than nonreward in the classical mode
and that this will be reflected in the number of gakel-calls.

CHAFPTER IV describes different elements of the gakel-call (mean number
and temporal structure) in relation to the intensity of frustration. We
assumed that the degree of frustration, resulting from the thwarting of
feeding behaviour, is influenced by the underlying motivation to feed. So,
through the frustration-response the motivation to feed can be assessed. A
change in hunger motivation was induced by varying the durations of
food-deprivation (0, 8, 23 and 47 hours). Next, an experiment was done in
which the intensity of frustration was altered by varying the magnitude of
a food reward. The assumption was that a larger reduction in food reward
would result in more frustration. This higher frustration would then be
reflected in a higher number of gakel-calls. We varied frustration by
subjecting hens to an aperant conditioning session with different durations
of access to food (0, 3, 10 and 30 seconds} after they had been trained with
a 10-second food reward.

A description of the mean levels of gakel-calls and the different elements of
the gakel-call in response to the thwarting of different behaviours (feeding,
drinking, dustbathing and nesting behaviour) is given CHAPTER V. We
investigated whether thwarting of these behaviours leads to an increase in
the number of gakel-calls and whether different contexts of thwarting have
different effects on the characteristics of the gakel-call.

CHAPTER VI reports on the social aspects of the gakel-call and other
behaviours indicative of thwarting of feeding behaviour. If the presence of
a conspecific influences the occurrence of this call such as by an audience
effect or by social facilitation this might have consequences for the use of
the gakel-call as an indicator of frustration. The question is then whether a
change in the number of gakel-calls reflects a change in the frustrative
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effect of thwarting or that other factors contribute to the in- or decrease in
number of gakel-calls. In this chapter we investigated the effect of the
presence of an audience on the occurrence of the gakel-call and other
behaviours indicative of frustration. We also studied whether social
facilitation affects the gakel-call. The social and functional aspects of the
gakel-call are discussed.
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Chapter I

The effect of frustrative nonreward on vocalisations

and behaviour in the laying hen, Gallus galius

domesticus

ABSTRACT

Laying hens are thought to express an expectation of a rewarding event through a
specific vocalisation, the gakel-call. It has been suggested that the gakel-call is
related to frustration, i.e. the thwarting of behaviour. We investigated if frustrative
nonreward (nonreinforcement in a situation that previously was consistently
reinforcing) in laying hens is expressed through this gakel-call. Twenty hens of two
commercial strains, 10 ISA White Leghorn and 10 ISA Brown Warren were
subjected to a classical conditioning procedure. After 23 hours of food-deprivation
they were trained, in automated Skinnerboxes, to use red lights as a signal
{conditioned stimulus) for a food reward. After this the hens of each strain were
equally divided into two groups of five, They were subjected to a control session
{light as conditioned stimulus followed by food reward) and to a frustration
session (conditioned stimulus followed by nonreward). Both during the frustration
and control session behaviour and vocalisations were recorded. In the White
Leghorn strain high levels of alarm-calls are found as indicators of anxiety. In the
Brown Warren strain more gakel-calls and an increased locomotor activity are
found after frustrative nonreward. In conclusion, both findings sugpest that
vocalisations could serve as indicators of a laying hen's welfare.
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Zimmerman, P.H., Koene, P., 1998. The effect of frustrative nonreward and
behaviour in the laying hen, Gallus gallus domesticus. BEHAVIOURAL
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INTRODUCTION

A question in applied ethology is to what extent vocalisations of animals
can be used as welfare indicators. The idea is that vocalisations are signals
of the sender's condition towards conspecifics. For instance, Weary and
Fraser (1995) found for piglets that differences in need were related to
differences in calling. 'Non-thriving' and 'unfed' piglets called longer and at
a higher frequency than 'thriving' and 'fed' piglets. They concluded that
these calls might be reliable expressions of a piglet's need.

Before vocalisations can be used as an indicator of an animal's welfare state
two requirements have to be met. It must be predictable which vocalisation
in which situation provides useful information about the animal's
condition. And some aspects of this vocalisation must change in a
consistent way with a change in the animal's condition. This paper will
focus on the first requirement.

Welfare is considered a state in which the animal can fulfil its physical and
mental needs (Hurnik, 1988). Welfare is impaired when an animal is not
able to meet its needs. In experiments with laying hens it has been shown
that the unfulfilment of feeding behaviour is possibly expressed through a
specific vocalisation (Bdumer, 1962; Schenk et al, 1983; Collias, 1987).
Baumer (1962) and Schenk et al. (1983) labelled it "Gakeln" or "Gakel" call.
Others called it "Legelaut" (Schjelderup-Ebbe, 1923), (pre)laying-call
{Konishi, 1963; Wood-Gush, 1971) or singing (Collias, 1987). Under natural
conditions this vocalisation can be heard in the period before oviposition.
Following Schenk et al. (1983) we will refer to this vocalisation as the
"gakel-call" to indicate that it is not solely uttered in the period before egg
laying. A gakel-call is typically composed of an elongated note, somewhat
rising in frequency, followed by one or more shorter notes.

Schenk et al. (1983) found a positive relationship between the duration of
food deprivation and the number of gakel-calls given. They also found that
in the pre-laying period hens without access to a nest gave more gakel-calls
than hens with a nest site. When deprived of a nest these calls tended to be
longer in duration and be composed of more elements than the gakel-calls
of hens with a nest. Koene and Wiepkema (1991) got similar results with
deprivation of dustbathing behaviour. The longer the hens were prevented
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from dustbathing, the higher the level of gakel-calls given by these hens.
Huber and Foélsch (1978) found that hens kept in battery cages gave more
gakel-calls than hens kept on a wire-netting floor or in a deep litter-system.
This was especially the case at dawn and during the period before egg
laying. Their explanation was that at these times hens in the cages were
thwarted respectively in their feeding and pre-laying behaviour. In battery
cages there was not enough space for all hens to eat simultaneously, so
hens that wanted to eat were not always able to. They observed that these
hens produced the gakel-calls. During the pre-laying period hens in the
battery system not only gave higher amounts of gakel-calls but these calls
were also longer in duration and were composed of more notes than in the
other two systems. According to Huber and Félsch (1978) this was induced
by the inability of the hens in battery cages to find a suitable nest site.
Meijsser and Hughes (1989) found a slight difference in occurrence of the
gakel-call before oviposition when comparing battery cages with three
alternative husbandry systems. In the alternative systems the amount of
gakel-calls 1 hour before egg-laying was high initially and then declined
sharply towards oviposition, while in battery cages the general level of
gakel-calls stayed high. The explanation for this is that hens in battery
cages are frustrated in fully performing their pre-laying behaviour and this
thwarting of a behavioural need is vocally expressed in higher levels of the
gakel-call compared to the three altermative husbandry systems (Meijsser
and Hughes, 1989).

The aim of this study was to find whether frustrative nonreward, i.e. non-
reinforcement in a situation that previously was consistently reinforcing
(Amsel and Roussel, 1952) in domestic laying hens leads to a higher level
of gakel-calls compared to a rewarding situation. The method used was a
classical conditicning procedure with a food reward. The subsequent
frustrative nonreward consisted of the feeder being empty. This way the
hens were thwarted in their feeding behaviour. Wood-Gush (1972) found
that laying hens show high levels of pacing after frustration in a feeding
situation. This is in line with the findings of Duncan and Wood-Gush
(1972b). They found that frustration is associated with stereotyped pacing
and displacement preening. We used two commercial strains of laying
hens; a medium-hybrid strain, ISA Brown Warren, and a light-hybrid one,



Chapter Il

ISA White Leghorn. We know from other studies that similar strains of
laying hens show different reactions upon frustration (Wood-Gush, 1972;
Mills and Wood-Gush, 1983; Mills et al., 1985; Koene and Wiepkema, 1991).
During thwarting of normal pre-laying behaviour (Wood-Gush, 1972; Mills
and Wood-Gush, 1983; Mills et al,, 1985) laying hens of a White strain
showed a higher amount of stereotyped pacing than birds of a Brown
strain. Koene and Wiepkema (1991) found an effect of thwarting of
dustbathing behaviour on vocalisations. Both a White and a Brown strain
gave more gakel-calls during thwarting of dustbathing than during the
control period. They also found that during thwarting of dustbathing
behaviour the White strain gave more gakel-calls than the Brown one.

In summary, the following three hypotheses are formulated. Frustrative
nonreward in laying hens will lead to higher levels of gakel-calls and a
higher amount of time spent pacing compared to a rewarding situation.
Frustrative nonreward will be expressed in a longer mean duration of
gakel-calls and a larger mean number of elements per gakel-call in both
strains. Hens of the ISA White strain will give higher levels of gakel-calls
and spend more time pacing during thwarting of feeding behaviour than
birds of the Brown Warren strain.

MATERIALS AND METHODS

Subjects and apparatus

Ten ISA Brown Warrens and 10 ISA White Leghorns were used; they were
23 weeks old when the experiment started. They were all housed
individually in cages (100cm x 50cm x 50cm; 1 x w x h) of the type
described by Van Liere and Wiepkema (1992). The floor of these cages
{50cm x 50cm) consisted of wooden slats and a dust box (50cm x 50cm).
Opposite to the dust box there was a nestbox of 39%cm x 30cm x 40cm with a
floor of artificial grass. In our experiment water was available ad Iibitum.
The light period fell between 0400 and 2000 hours.

Four automated Skinnerboxes were located next to one another in a sound-
attenuated room. Each Skinnerbox measured 60 x 50 x 65 cm. Three red-
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lighted keys, 2 cm in diameter, 10 cm apart were on the intelligence panel
26 cm above the metal grid floor. The feeder was accessible through a
round hole (12 cm in diameter) in the centre of the back wall, 10 cm above
floor level. The hens could obtain food only when the food magazine was
"up". A photo cell at the side of the hole detected the presence or absence of
a hen's head in the feeder. Approximately 8 cm over the top of each
Skinnerbox was a small 5-W incandescent light. A Skinnerbox was
operated through a custom-made program in LabView® software
(National Instruments, 1994). A change in the key lights ("on" or "off"), the
keys ("peck” or "no peck") and the photo cells ("head" or "no head") was
automatically recorded and stored in a file on hard-disk. Skinnerbox and
computer were in the same room.

Procedure

For all sessions a hen was taken from its home cage, carried to the sound-
attenuated room and put in a Skinnerbox. Before training all hens had been
habituated to the Skinnerbox and its functioning. The hens were placed in a
Skinnerbox for 15 min a day on three consecutive days. On the subsequent
two days all hens were deprived of food for 5 hrs, placed in a Skinnerbox
in which every minute the feeder went up for 5 sec thus enabling the hen to
eat. After this habituation stage the training began.

At the start of a 15 min training session the top light of a Skinnerbox was
lit. After a variable interval (30 + 10 sec) a stimulus light was lit. After 10 s
the feeder went up for 5 sec and the hen was able to eat. Then the feeder
went down, the key light went off and another variable interval started.
For time-saving reasons three hens were subjected to the same training
session at the same time. During a training session the hens were visually,
but not acoustically isolated from each other.

We considered training successful when a hen was eating every time
within 1 s the feeder had come up on three consecutive days. Such a short
interval between the feeder coming up and a hen eating would only be
possible if the hen used the key lights as a predictive signal for food.

For the final testing the animals were divided into two groups. Testing was
carried out according to a cross-design; one group was first subjected to a
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frustration session followed by a control session, the other group the other
way around. The control session and the frustration session were run
according to the same scheme as the training session, except that in a
frustration session no food was in the feeder. All hens were tested
individually from 1400 onwards after which generally all hens had laid
their egg.

Behaviour and vocalisations were recorded on videotape using a hifi-
videocamera (Panasonic NV-M10) connected to a videorecorder (Fanasonic
AG-6200). An external microphone (Bandridge BMC 660) was situated
right above the Skinnerbox and directly plugged into one of the audio-
channels of the video-recorder. Behaviour was analysed from video tape
using The Observer® programme (Noldus, 1993). Of the behavioural
elements the durations of walking and preening and the number of jumps
were recorded. In addition the numbers of gakel-calls, of contact grunts
(Collias 1987) and of alarm-calls {similar to ground predator warning call,
described by Collias (1987)) were recorded. Gakel-calls were digitised and
analysed using the Signal Sound Analysis System (Engineering Design
1992). For every hen for the first, the middle and the last gakel-call from
each session the total length and the number of notes was determined.

Analysis

We performed an analysis of variance (GLM-procedure) with treatment,
strain and order of treatment as main effects in the SAS® statistical
programme (SAS Institute Inc. 1989). Treatment and order of treatment
within hens were taken as repeated measurements. Where there were
significant interactions of main effects, a post-hoc test (LSMEANS with
Bonferroni correction) was used to discover which effects were responsible.
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RESULTS

In fig. 1 the time until head-in-feeder after the feeder went up for each
strain is depicted on its last 9 training days. No differences were found in
training performance between the two strains.
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Figure 1. Time (s) until head-in-feeder (mean + SEM) after the feeder went up for both strains on the last 9

days of training,

There was no effect of order of treatment on any behavioural element.

There was a significant (F,  =18.40, P<0.001) treatment*strain interaction
concerning the number of gakel-calls. Post-hoc test showed that the Brown
Warrens gave significantly (P<0.01) more gakel-calls during the frustration
session than during the control session. The Brown hens also performed
significantly (P<0.01) more gakel-calls than the White hens during the
frustration session (Fig. 2).



Chapter Il

1 Brown wamen (n=10) [ wnite Leghom {n=10)

36
**

24

-

(IR =

Control Frustration

Mean no. of gakel-calls
2

Figure 2.  Mean nomber of gakel-calls (mean £ SEM) during the control and frustration session for both
strains ("P<0.05, **P<0.01, ***P<0.001).

There was a significant (F | =14.15, P<0.01) treatment effect on the time
spent pacing. The Brown Warrens spent a significantly (P<0.001) higher
amount of time pacing in the frustration than in the control session. We
also found a significant (F  =5.06, P<0.05) strain effect The White
Leghorns spent significantly {P<0.05) more time pacing in the control
session than the Brown hens (Fig. 3).
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Figure 3.

D Brown Warren {(n=10) :’ White Legharn (n=10)
450
ORELCRT : *
*
g —
‘0 330 T
1]
o
s
© 270
c
o
@ 210 T _
3 . "
O R
150 ~
11 ! | z | |
Control Frustration

Mean duration (sec) pacing {mean £ SEM} during the control and frustration session for both strains
(* P<0.05, **P<0.01, ***P<0.001).

No effects of treatment were found on the levels of alarm vocalisations,
jumping and the duration of preening. There was a significant effect of
strain on the number of alarm vocalisations (F,,=5.08, P<0.05) and the
number of jumps (F =856, P<0.01). The White strain gave significantly
more alarm-calls during both the control and frustration session than the
Brown one (Table 1). The White hens also jumped significantly (P<0.05)
more often during the frustration session and tended (P<0.1) to show more

jumping during the control session than the Brown hens.
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Table 1.

Table 2.

Mean (= SEM) of the behavioural elements alarm-calling, jumping and preening in both treatments
for both strains. P-values of post-hoc test are given.

Behaviour Treatment Brown Warran (N=10)  White Leghorm (N=10) P
Alarm-calling  Control 0.2(x02) 36{+1.8) < 0.05
Frustration 0.6(x0.2) 34(x1.7) < 0.05
Jumping Control 01{x01) 1.0(x04) <0.05
Frustration 0.0 0.8(x0.2) <0.05
Preening Control 0.1 {x0.1) 0.0 NS
Frustration Q.0 1.0 (£ 0.5) NS

There were no significant differences in the composition of the gakel-call
between a frustration and control session. Neither the mean duration per
gakel-call differed between the frustration and the control session nor did
the mean number of notes per gakel-call (Table 2).

Mean {(+ SEM) of duration and number of elements per gakel-call in both treatments for all hens,

Characteristic of gakel-call Control Frustration P
Mean duration {ms) 847 (+42.4) 946 (x71.6) NS
Mean number of elements 1.6 (£ 0.1) 21{x0.32) NS
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DISCUSSION

Frustrative nonreward led to a higher level of gakel-calls in the Brown
Warren strain. This effect was not found in the White Leghorn strain. Other
behaviours associated with frustration in the laying hen are stereotyped
pacing and displacement preening {Duncan and Wood-Gush, 1972a,
1972b). Only the Brown strain showed a higher amount of time spent
pacing during frustration compared to the control session. Neither strain
spent more time preening in the frustration session than in the control
session. The higher number of gakel-calls and higher level of pacing in the
frustration session than in the control session in Brown Warrens in this
study have also been found in previous studies in White laying hens. White
laying hens showed an excessive amount of pacing during thwarting of
their normal pre-laying behaviour (Wood-Gush, 1972; Mills and Wood-
Gush, 1983). Also, White hens gave higher levels of gakel-calls after
thwarting of feeding behaviour (Schenk et al, 1983) and dustbathing
behaviour (Koene and Wiepkema, 1991) compared to a control situation.

In our experiment the White hens did not meet the first two hypotheses.
They did not show a higher amount of gakel-calls and more pacing after
frustrative nonreward, neither compared to the control situation, nor
compared to the Brown hens. The White hens gave more alarm-calls and
jumped more. So they seemed to be more fearful in both the control and
frustration session. This is in accordance with the general difference in
behavioural and physiological reaction to sub-optimal environmental
circumstances between these two strains (e.g. Duncan et al., 1979; Jones and
Faure, 1981; Mills and Wood-Gush, 1983; Mills ¢t 4l., 1985). These studies
showed that hens of a light-hybrid strain, comparable to the White
Leghorns, react more fearful to sub-optimal circamstances than hens of a
medium-hybrid strain, comparable to the Brown Warren strain.

The findings in this experiment are in accordance with the idea that
vocalisations are signals of the sender's condition towards conspecifics.
Whereas the alarm-call in the White Leghorn strain appears to express
anxiety that possibly overruled the effect of frustration in this experiment,
the gakel-call seems to be an expression of an animal's need. Therefore, the
gakel-call could serve as an indicator of welfare in the laying hen.
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The effect of loss of predictability and controllability of
reward during frustration on behaviour in two strains
of laying hens, Gallus gallus domesticus.

ABSTRACT

To fulfil its needs in order to keep a high level of welfare an animal has to interact
with the environment. In that interaction predictability and controllability seem to
be of major importance. Loss of predictability and loss of controllability have a
detrimental effect on animals. We hypothesised that both loss of predictability and
loss of controllability would, among other behavioural effects of frustration, lead to
an increase in the number of gakel-calls in laying hens. The gakel-call, expressed
during the thwarting of behaviour, presumably is an indicator of frustration in
laying hens. Predictability of reward was offered by a classical conditioning
procedure, controllability of reward by operant conditioning. Assuming that
controllability is predictability plus added control we also hypothesised that loss of
controllability would lead to higher levels of gakel-calls than loss of predictability.
Twenty hens of two commercial strains of laying hens, 10 ISA Brown Warrens and
10 I1SA White Leghorns were used. These strains of hens are known to differ in
their reaction to frustration. They were subjected to frustration during a classical
and an operant conditioning situation in a counterbalanced design. We found that
in both conditioning situations in the frustration treatment the hens gave more
gakel-calls than in the control treatment. No difference in levels of gakel-calls
during frustration between classical and operant conditioning was found.

Both loss of predictability and loss of controllability seem to impair a laying hen's
welfare. The results suggest that the strains differ in behavioural strategy during
frustration. When using the gakel-call as measure for welfare this difference in
behavioural strategy should be taken into account.
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Zimmerman, P.H., Koene, P., 1998. The effect of loss of predictability and
controllability of reward during frustration on behaviour in two strains of laying
hens, Galflus gallus domesticus. THE NETHERLANDS JOURNAL OF ZOOLOGY 48:
255-265.
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INTRODUCTION

Welfare is considered a state in which the animal can fulfil its physical and
mental needs (Hurnik, 1988). In order to fulfil its needs an animal has to
interact with the environment through its behaviour to reach certain goals
(e.g. food, a mate, escape from a predator). It is much easier for an
organism to survive when life sustaining events and conditions have some
order that can be predicted and controlled. Since most of the
environmental changes and conditions have a predictable and/or
controllable occurrence, in the course of evolution organisms are adapted
to this consistency of environmental changes and states. So, in the
interaction with the environment predictability and controllability seem to
be of major importance (Overmier et al., 1980; Weinberg and Levine, 1980;
Wiepkema and Koolhaas, 1992).

Concerning predictability it has been shown in several studies that animals
prefer predictable shock over unpredictable shock even when the shock is
unavoidable and inescapable, For instance, Weiss (1970) showed that rats
receiving unpredictable shock developed more severe gastric ulcers and
also showed higher concentrations of plasma corticosterone, increased
body weight loss and more defecations than animals receiving predictable
shock.

A number of authors have provided evidence that loss of control has
detrimental psychological and physical consequences to an animal. For
example, Hanson et al. (1976) showed that macagues who were able to
control an adverse loud noise displayed lower cortisol levels than
macaques that had no control experiencing the same degree of exposure.
Mineka et al. (1986) demonstrated that infant rhesus monkeys that had
control over aspects of their environment showed lower fear and an
increase in exploratory behaviour and coping responses compared to a
group which lacked such a control. There is a lot of evidence that animals
prefer to perform some operant fesponse to earn food rather than accept
food freely (see Osborne, 1977, for review). This is also the case in laying
hens (Duncan and Hughes, 1972). These examples show that having added
control to a predictable reward seems to be of major importance to animals.
Experiments of Weiss (1971) confirmed the finding that predictability and
controllability seemed to be additive in their effects.
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We now have arrived at the point where the welfare of laying hens and the
concept of predictability and controllability have to come together. As said
before, welfare is impaired when a laying hen is not able to fulfil its needs.
In experiments with laying hens it has been shown that the unfulfilment of
feeding behaviour is possibly expressed through a specific vocalisation
(Baumer, 1962; Schenk et al., 1983; Collias, 1987). Bidumer (1962) and
Schenk et al. (1983) labelled this vocalisation “Gakeln” or “Gakel” call.
Others called it “Legelaut” (Schjelderup-Ebbe, 1923}, (pre)laying-call
(Konishi, 1962; Wood-Gush, 1971) or singing (Collias, 1987). Following
Schenk et al. (1983) we will refer to this vocalisation as the “gakel-call” to
indicate that it is not only uttered in the period before egg laying. A gakel-
call is typically composed of an elongated note, somewhat rising in
frequency, followed by one or more shorter notes.

Schenk et al. (1983) found a positive relationship between the duration of
food deprivation and the number of gakel-calls given. This was also found
in the situation that hens were deprived of a nest site (Schenk et al., 1983)
and of a dustbath (Koene and Wiepkema, 1991). The longer the hens were
prevented from entering the nest and dustbathing, respectively, the higher
the level of gakel-calls given by these hens.

Comparing different husbandry systems Huber and Félsch (1978) found
that hens kept in battery cages gave more gakel-calls than hens kept on a
wire-netting floor or in a deep litter-system. According to them this was
induced by the inability of the hens in battery cages to find a suitable nest
site.

Under laboratory circumstances predictability and controllability can be
provided through conditioning techniques. Through classical and operant
conditioning a laying hen can be trained to associate the occurrence of a
stimulus (classical) or its own behaviour (operant) with a food reward.
Predictability is related to classical conditioning, whereas controllability
(representing predictability + added control) is associated with operant
conditioning. The method of conditioning related to an appetitive situation
is somewhat different from the earlier described experiments, where
animals were able to predict or control the non-occurrence of an aversive
stimulus. However, in both methods loss of predictability and loss of
controllability can be characterised by the aversive nature of the situation.
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In the conditioning with shock as an unconditioned stimulus the non-
occurrence of shock after an operant response can be interpreted as less
aversive compared to the occurrence of the uncontrollable shock. The same
applies to signalled shock when compared to an unsignalled one (Weiss,
1970). So, when animals lose predictability and controllability both with
shock and food as the unconditioned stimulus they get into an aversive
situation.

Loss of predictability or controllability can thus be induced by omission of
reward, thereby thwarting the laying hen in its feeding behaviour. If
thwarting of behaviour (i.e. frustration) is expressed through the gakel-call
then both less of predictability or controllability should result in increased
levels of gakel-calls. And if we assume that loss of controllability is more
detrimental to the animal than loss of predictability (Weiss, 1971) then one
should expect that loss of controllability will result in higher levels of
gakel-calls than loss of predictability.

We used two common commercial strains of laying hens; a medium-hybrid
strain, ISA Brown Warren, and a light-hybrid one, ISA White Leghorn. We
know from other studies that similar strains of laying hens show different
reactions upon frustration (Wood-Gush, 1972; Duncan and Filshie, 1979;
Mills and Weod-Gush, 1983; Mills et al., 1985; Koene and Wiepkema, 1991).
During thwarting of normal pre-laying behaviour (Wood-Gush 1972; Mills
and Wood-Gush 1983; Mills et al. 1985) laying hens of a White strain
showed a higher amount of stereotyped pacing than birds of a Brown
strain. Koene and Wiepkema (1991) found an effect of thwarting of
dustbathing behaviour on vocalisations. Both a White and a Brown strain
gave more gakel-calls during thwarting of dustbathing than during the
control period.

In summary, the following hypotheses are formulated. 1) Both a loss of
predictability and controllability in laying hens will lead to higher levels of
gakel-calls. And assuming that controllability is predictability plus added
control 2) loss of controllability will lead to higher levels of gakel-calls than
loss of predictability.



Predictability and controllability

METHODS

Ten ISA Brown Warrens and 10 ISA White Leghorns, 23 weeks of age,
were used. They were all housed individually in cages (100cm x 50cm x
50cm; 1 x w x h) of the type described by Van Liere and Wiepkema (1992).
The floor of these cages (50cm x 50cm) consisted of wooden slats and a
dust box (50cm x 50cm). Opposite to the dust box there was a nestbox of
39cm x 30cm x 40cm with a floor of artificial grass. Water was available ad
libitum. The light period fell between 400 and 2000 hours. The animals
were subdivided in two groups of 5 white and 5 brown hens. Group A was
subjected to classical conditioning, group B to an operant conditioning
procedure.

Four automated Skinnerboxes were located next to one another in a sound-
attenuated room.

Each Skinnerbox measured 60 x 50 x 65 cm. Three red-lighted keys, 2 cm in
diameter, 10 cm apart and 26 cm above the metal grid floor were on the
intelligence panel. A feeder was accessible through a round hole (12 cm in
diameter) in the centre of the back wall, 10 cm above floor level. The hens
could obtain food only when the food magazine was “up”. A photo cell at
the side of the hole detected the presence or absence of a hen’s head in the
feeder. Approximately 8 cm over the top of each Skinnerbox was a small 5-
W incandescent light. A Skinnerbox was operated through a custom-made
program in LabView® software (National Instruments, 1994). A change in
the key lights (“on” or “off”}), the keys (“peck” or “no peck”} and the photo
cells (“head” or “no head”) was automatically recorded and stored in a file
on hard-disk, Skinnerbox and computer were in the same room.

Training and testing were always carried out from 12:00 onwards after all
hens had laid there egg. The hens were first habituated to the Skinnerbox
and its functioning. After this habituation conditioning commenced. The
hens of group A were subjected to the following classical conditioning
schedule. At the start of a 15 min session the top light of a Skinnerbox was
lit. After a variable interval (30 = 10 sec) a stimulus light (red key light) was
lit for 10 sec. Then the feeder went up for 5 sec and a hen was able to eat.
Then the feeder went down, the key light went off and another variable
interval started. Hens were considered to be trained sufficiently when, in






