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Modern Pig Husbandry
In the Netherlands, housing conditions of fattening pigs changed

considerably in the past decades from extensive systems with large space
allowance, substrate and/or outdoor housing, to intensive husbandry systems that
have been developed for large scale production of pig meat. In these intensive
husbandry systems, fattening pigs are housed with high housing density and
without substrate. During their life on the farm, pigs are regularly subjected to
potentially stressful management procedures, like castration, tail docking, mixing
with unfamiliar pigs and transport.

Intensive husbandry systems largely differ from the natural living conditions
of pigs. Wild pigs, that are the ancestors of the domestic pig, live in forest and
scrub in dense cover, and spend a large part of the day on feeding and foraging
behaviour. Wild pigs have a highly developed social behaviour throughout their
entire life, starting within hours after birth (Graves, 1984). Studies of domestic pigs
in a semi-natural environment showed that the behaviour of the domestic pig
includes most of the behaviour of the wild pig. Apparently, domestication and
rearing conditions did not affect the potential of the pig to show a rich repertoire of
behaviour (Stolba and Wood-Gush, 1989).

It was shown that intensive husbandry systems cause welfare problems for
pigs. The main background of these welfare problems is that the intensive housing
conditions did not fulfil the internal need of the pig to perform important species
specific behaviours. Pigs housed in barren environments show more abnormal
agonistic behaviour, more manipulative social behaviour and have a higher level of
aggression than pigs housed in pens with strawbedding, and it was concluded that
these behaviours indicate welfare problems (Beattie et al., 1995; De Jonge et al.,
1996; Schouten, 1986). Also regular mixing of unfamiliair pigs in intensive
husbandry systems has negative effects on health and productivity and causes a
higher incidence of aggressive behaviour, and thus has a negative effect on pig
welfare (Ekkel, 1996).

A growing public concern for animal welfare led to the establishment of the
Dutch Animal Welfare and Health Act (Gezondheids- en Welzijnswet voor Dieren,
1992) and to specific legislation for pig husbandry (Varkensbesluit, 1994), to
prevent serious welfare problems. Recently, the existing legislation has been
changed into stricter requirements for pig production (Varkensbesluit, 1998). This
new legislation has to be applied at new farms since 1-9-1998; existing farms will
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have to apply the new legislation from 1-9-2008. For fattening pigs, the most
important requirements are (Varkensbesluit, 1998):
(1) mixing of unfamiliar pigs is only allowed once, within one week after weaning
of the pigs;
(2) the minimal surface area per pig has to be increased (e.g. for pigs from 85-110
kg from 0.7 m2 to 1.0 m2);
(3) the area of solid floor in a pen has to be increased (e.g. for pigs from 85-110 kg
it is advised that 60% of the pen area is solid floor, however, current research has
to provide the definite figures);
(4) some substrate should be provided (e.g. straw).

In addition to the improvements of intensive husbandry systems enforced by
changing legislation, growing public concern for animal welfare and interest in
biological food products caused an increase in the number of other, less intensive
husbandry systems (e.g. the biological fattening pig production in the Netherlands
increased from 2,000 fattening pigs/year in 1996 to 14,000 fattening pigs/year in
1998 (Platform Biologica, personal communication)). In these husbandry systems
pigs are provided with more space, strawbedding or other substrate and an outdoor
area. However, the far majority of pigs in the Netherlands is still housed under
intensive conditions.

In addition to the development of intensive husbandry systems and improved
farm management during the past decades, genetic selection also resulted in a
considerable increase of the pig production level. However, negative side effects
have become apparent. Animals in a population selected for high production
efficiency seem to be at higher risk for behavioural, physiological and
immunological problems (Rauw et al., 1998). In fattening pigs, selection is mainly
on high lean tissue growth rate and low feed conversion. High lean tissue growth
rate may cause leg weakness, decreased ability to cope with environmental stress
(Rauw et al., 1998), and an impaired heart function (Geers et al., 1990; Yang and
Lin, 1997) in pigs. It is important to avoid negative side effects of selection, not
only because veterinary costs and costs of replacing animals will increase, but also
from an ethical point of view (Rauw et al., 1998).

As described above, stress caused by housing and management of pigs may
not only affect animal welfare, but also the acceptance of the product by the
consumer and the productivity. In addition, stress may also change the product
quality (Figure 1). For example, stress caused by mixing of unfamiliar pigs reduced
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the growth rate for weeks (Ekkel, 1996), but also impaired meat quality (e.g.
Warris and Brown, 1985).

Figure 1. The relationship between stress, caused by housing and management, and
welfare, productivity, product quality and acceptance of the animal products by the
consumer (after Blokhuis et al., 1998).

Aims and Scope of the Thesis
The purpose of this thesis is to identify physiological parameters for

monitoring stress in fattening pigs, i.e., to assess stress in fattening pig husbandry.
Because stress, caused by housing and management of pigs, may have a negative
effect on animal welfare, productivity, product quality and consumer acceptance
(see Figure 1), monitoring stress is of importance in pig husbandry. Monitoring
stress allows formulation of housing and management requirements of fattening
pigs that will benefit animal welfare, health and productivity. In addition,
monitoring stress is of importance for certification of animal products. Welfare is
clearly compromised in situations of chronic stress (Broom et al., 1996a; Moberg,
1996; Wiepkema and Koolhaas, 1993). Therefore, we emphasise on long-term
changes in physiology as indicators of chronic stress.

Various physiological parameters to assess stress are known from literature.
However, to study long-term changes in physiology as indicator of chronic stress,
parameters should be measured during a long time without disturbing the animal.

Housing and
Management

Stress Welfare

Productivity Product
Quality

Consumer
Acceptance
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Biotelemetry offers the opportunity for long-term stress-free monitoring of body
temperature and heart rate. This method has not been used for monitoring chronic
stress in pigs yet. Therefore, body temperature and heart rate were studied as
possible indicators of chronic stress in fattening pigs. In addition, HPA-axis
activity and behaviour were measured as reference indicators of chronic stress.
These parameters are frequently measured in response to stressors in various
species, and the responses to different stressors are well described. In the
experiments described in this thesis, pigs were subjected to situations that were
expected to be stressful, and we studied which parameters were sensitive indicators
of situations of chronic stress.

Stress and Animal Welfare
The concept of stress was first developed by Selye (1932) and Cannon

(1914). Selye (1932) and Cannon (1914) stated that environmental stimuli like
pain, hunger, thirst or cold resulted in physiological changes in the animal, that
were related to the development of a pathological state. Stress referred to the non-
specific response of the animal to any demand from the external and internal
environment. Nowadays, more broader definitions of stress are used. In this thesis,
we applied the definition as described by Terlouw et al. (1997), in which stress is
described as the animal's state when it is challenged beyond its behavioural and
physiological capacity to adapt to its environment.

Animals try to cope with environmental stressors by using various
behavioural and physiological responses. The quantity and quality of the stress
response is normally within the range of the coping abilities of an animal. The
acute stress response may therefore have an adaptive value for the animal, and
animal welfare is not at risk. Moreover, some environmental instability or
incertainty is necessary to avoid boredom and optimise individual vigilance
(Wiepkema and Koolhaas, 1993). However, when the stress responses of an animal
are thwarted, or when the animal can not restore its homeostasis, symptoms of
chronic stress occur and the animal may reach a prepathological state. During this
state of chronic stress, undesirable effects on health, reproduction, growth and
behaviour may occur, and animal welfare clearly is at risk (Moberg, 1996). Both
the occurrence of one single major life event and a long-lasting situation in which
the animal can not restore its homeostasis may lead to chronic stress symptoms
with a pathological character (Wiepkema and Koolhaas, 1993).
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Many definitions of animal welfare have been used in literature. One of the
most frequently used definitions of animal welfare, that refers to the coping of the
animal with the environment, was stated by Broom (1996a): 'animal welfare is its
state as regards its attempts to cope with its environment'. In this definition, there is
a negative relationship between the welfare of an animal and the effort it is putting
into coping with the environmental stressors. Animal welfare not only refers to the
biological functioning of the animal, but also to the quality of life, and feelings like
happiness, pain, fear, hunger or thirst. Or, as Dawkins (1990) stated: 'animal
welfare involves the subjective feelings of animals'. Other definitions of animal
welfare refer to this. E.g. Duncan (1996) stated 'that it is the negative emotions of
feeling stressed or frightened or in pain that reduce welfare, and it is the positive
emotions of feeling excited or thrilled or happy that increase welfare'. Thus, animal
welfare can broadly be defined as a state of physical and mental health (Wiepkema
and Koolhaas, 1992).

The physiological and behavioural stress responses, with which the animal
tries to cope with the environmental stressors, can be measured. As described
above, animal welfare is clearly compromised in situations of chronic stress. Long-
term changes in behaviour and physiology of the animal, i.e. chronic activation of
the stress responses, may be indicative of a situation of reduced welfare. Therefore,
in this thesis we measured long-term changes in physiology as indicator of chronic
stress and decreased animal welfare. Stress-parameters that were studied in this
thesis as indicator of welfare of fattening pigs are described below.

Assessment of Stress
Physiological Responses

HPA-axis Activity. The secretion of glucocorticoids from the adrenal cortex
is frequently measured in response to stressors (Wiepkema and Koolhaas, 1993;
Rushen, 1991). In response to an acute stressor Corticotropin-releasing Hormone
(CRH), that is released in the hypothalamus, stimulates the pituitary to release
Adrenocorticotropic Hormone (ACTH). ACTH stimulates the adrenals to release
glucocorticoids. Negative feedback of the glucocorticoids on the brain and pituitary
and of ACTH and CRH on the hypothalamus regulate the activity of the
Hypothalamus-Pituitary-Adrenal (HPA)-axis.

Glucocorticoids exert many different effects, for example on cardiovascular
function, metabolism, muscle function, behaviour and the immune system. In
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general, glucocorticoids rapidly mobilise energy in the body and stimulate
behavioural responsiveness. Munck et al. (1984) grouped the effects of
glucocorticoids into two categories. The permissive effects of glucocorticoids
function to 'permit' other hormones to accomplish their function at a normal level,
and are observed primarily in the resting state and may span the resting and stress
states. The regulatory effects of glucocorticoids are exerted only by stress-induced
levels. Munck et al. (1984) suggested that stress-induced increases in
glucocorticoid levels protect the organism against the normal defense reactions that
are activated by stress, and prevent the defense reactions from overshooting and
thereby threatening homeostasis. Although elevated glucocorticoid levels in the
acute phase may be effective, chronic hypersecretion of glucocorticoids may be
harmful to the individual. For example, it has been suggested that chronic
hypersecretion of glucocorticoids may induce hippocampal neuronal vulnerability
(Sapolsky, 1996).

In response to acute stress, glucocorticoids may show a gradual response,
dependent on the severity of the stressor (Jensen et al., 1996a; Terlouw et al.,
1997). However, during a state of chronic stress the HPA-axis is not in a permanent
state of activation, but counterregulatory changes at different levels of the HPA-
axis may occur (Jensen et al., 1996a; Rushen, 1991). Exposure to chronic stress
may lead to a brief increase in glucocorticoid levels that lasts for several hours or
days. However, during situations of chronic stress changes at various levels of the
HPA-axis may occur. Production of HPA-axis hormones follows a circadian
rhythm; in diurnal animals, like pigs, elevated concentrations of glucocorticoids
and ACTH are measured in the morning and low concentrations during the night.
Disturbances of the circadian rhythm in cortisol are observed during situations of
chronic stress. For example, initial tethering of sows caused an increase in cortisol
levels lasting for a few days (Becker et al., 1985), but, after 2 months tethered sows
show a flattened circadian rhythm in cortisol, caused by an increased circadian
trough (Janssens et al., 1995a). Chronic stress may also change baseline ACTH
levels. After 6 days of intermittent foot-shock stress in pigs the baseline levels of
ACTH were reduced, whereas cortisol levels remain unchanged (Jensen et al.,
1996b). In humans, flattened circadian rhythms in cortisol or ACTH are observed
during several psychological disorders, e.g. during certain types of depression (e.g.
Deuschle et al., 1997; Souêtre et al., 1989), during chronic fatigue syndrome
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(McHale et al., 1998) and during post-traumatic stress disorder (Yehuda et al.,
1996).

Chronic stress may also result in a hyper-reactivity of the adrenal cortex, so
that the cortisol response to an acute stressor or to ACTH is exaggerated. Tethered
sows showed an increased cortisol response to ACTH as compared to loose housed
sows (Janssens et al., 1994) and showed an increased cortisol response to acute
restraint stress (Janssens et al., 1995b). Changes may also occur at the pituitary
level, i.e. that CRH stimulation causes an increased ACTH response. Tethered
sows show an increased ACTH response to acute stress as compared to loose
housed sows (Janssens et al., 1995b).

The time course and type of changes in the HPA-axis differ between
different types of stressors. Therefore, the strength and features of the stressor seem
to determine the speed of the process of changes in the HPA-axis during chronic
stress (Jensen et al., 1996a).

Thus, for the assessment of a situation of chronic stress, long-term
measurements of HPA-axis (re)activity are necessary. When secreted from the
adrenal gland, glucocorticoids bind with high affinity to glucocorticoid binding
globulins. The free, i.e. unbound glucocorticoid is the biologically active form. In
pigs, cortisol is the main glucocorticoid secreted, but low amounts of
corticosterone are also secreted (Bottoms et al., 1972). Free cortisol in the blood
plasma diffuses to the saliva, and the concentration in the saliva is a good
representation of the concentration of free cortisol in plasma (Kirschbaum and
Hellhammer, 1989; Parrott and Misson, 1989). Sampling saliva is an easy non-
invasive method, and therefore very useful to measure long-term changes in
baseline cortisol levels and/or the circadian rhythm in cortisol as possible
indicators of chronic stress in pigs.

Heart Rate. Heart rate frequency is often measured in response to stressors,
to get an impression of the activation of the autonomic nervous system (e.g. in
pigs: Geverink et al., 1998; Hessing et al., 1994; Marchant et al., 1995; Otten et al.,
1998). Stressors may either increase (tachycardia) or decrease (bradycardia) the
heart rate. Changes in heart rate, however, can be caused by physical as well as
psychological factors. E.g. during agonistic encounters in pigs, locomotor activity
is increased and psychological stress is present, and it is very difficult to separately
determine the effects of physical and psychological changes. However, it has been
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shown that psychological stress in itself may cause a change in heart rate. During a
situation of threat in sows the heart rate increased, whereas no increased physical
activity was present (Marchant et al., 1995).

In addition to measurements of heart rate frequency, measuring heart rate
variability may give information about the balance between the sympathetic and
the parasympathetic branch of the autonomic nervous system. In general, there is
tonic activity in both divisions of the autonomic nervous system and the net effect
on heart rate represents the balance between the two antagonistic effects. Under
resting conditions the parasympathetic activity is dominant, whereas with
increasing levels of exercise the sympathetic activity dominates. Psychological
stress may alter the balance between the sympathetic and the parasympathetic
branch of the autonomic nervous system; different stressors may shift the balance
in a different direction (Sgoifo et al., 1997; Stein et al., 1994). During restraint
stress in rats the autonomic balance shifts towards a more parasympathetic
prevalence, whereas during social stress the autonomic balance shifts towards a
more sympathetic prevalence (Sgoifo et al., 1997). In general, a higher heart rate
variability represents a shift of the autonomic balance towards a more
parasympathetic prevalence, whereas a lower heart rate variability represents a
shift of the autonomic balance towards a more sympathetic prevalence (Sgoifo et
al., 1997; Stein et al., 1994). Increased sympathetic activity of the heart has been
shown to increase the vulnerability to cardiac arrhythmias, that are risk markers for
sudden cardiac death (Verrier and Lown, 1984; Sgoifo et al., 1997). During social
stress in rats a high occurrence of ventricular arrhythmias was observed that was
related to a high sympathetic activation of the heart (Sgoifo et al., 1997).

Thus, in addition to measurements of heart rate frequency, measurements of
heart rate variability may give information about changes in the balance between
the parasympathetic and the sympathetic activity as a result of (chronic) stress.
Moreover, measurements of heart rate variability and of the occurrence of
vulnerability to cardiac arrhythmias can be used to study the relationship between
chronic stress and the occurrence of cardiovascular pathologies.

In pigs, heart rate frequency is often measured in response to stressors by
using external heart rate monitors (e.g. Geverink et al., 1998; Marchant et al.,
1995). However, the attachment of heart rate monitors itself may cause a heart rate
response, and may therefore affect the stress response. In addition, external heart
rate monitors are not very useful for long-term measurements of heart rate. In this
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thesis, we used implanted biotelemetric transmitters for long-term stress-free
measurements of heart rate in pigs.

Body Temperature. Body temperature is seldom used as indicator of stress in
pigs, although previous research showed that body temperature may be a very
useful indicator of (chronic) stress. Psychological stressors induces a rise in core
body temperature in various species. This so-called stress-induced hyperthermia,
lasting for 1-2 h, has been observed after examination stress in humans (Briese,
1995), restraint stress (Terlouw et al., 1996), social stress (Tornatzky and Miczek,
1993) and open-field stress (Kluger et al., 1987) in rats and handling stress in mice
(Zethof et al., 1994). In pigs, this stress-induced hyperthermia has been observed
after restraint stress (Parrott and Lloyd, 1995).

Stress-induced hyperthermia is due to a shift in body temperature set-point.
It can be blocked by antipyretic drugs, like sodium salicylate (Singer et al., 1986)
or indomethacin (Parrot and Lloyd, 1995). It was suggested that stress-induced
hyperthermia is at least partially mediated by prostaglandins released by the central
nervous system, and thus involves the same mechanisms as the febrile response
(Kluger et al., 1987; Parrott and Lloyd, 1995).

In contrast to the stress-induced hyperthermia, a decrease in core
temperature can also be observed after psychological stress. Chen and Herbert
(1995) observed a decrease in body temperature of ± 0.5°C after restraint stress in
rats. In pigs, a hypothermic response was observed in response to transport stress
(Parrott et al., 1998). It was suggested that vasopressin release may have caused the
hypothermia in rats in response to restraint (Chen and Herbert, 1995) as well as the
hypothermic response to transport in pigs (Parrott et al., 1998).

In rats, long-term changes in body temperature can be observed during a
situation of chronic stress. The circadian rhythm in body temperature has been
disturbed for days after repeated foot shock stress (Kant et al., 1991) or a repeated
social defeat (Tornatzky and Miczek, 1993). This was mainly due to an increased
body temperature during the light period (resting period). Also after a single social
defeat in rats, a model that is suggested to resemble certain human
psychopathologies like anxiety or depression (Koolhaas et al., 1997; Ruis et al.,
1997), the circadian rhythm in body temperature has been changed for days
(Meerlo et al., 1996). In pigs, peripheral body temperature was increased after
mixing of unfamiliar animals, and a circadian rhythm longer than 24 hours was
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observed during the first weeks after mixing (Ekkel, 1996). Effects of stress on the
circadian rhythm in core body temperature, comparable to those in rats, have not
been reported in pigs yet.

Thus, changes in body temperature level or changes in the circadian rhythm
in body temperature may be sensitive indicators of chronic stress. Long-term
changes in body temperature or the circadian body temperature rhythm can be
measured stress-free by using biotelemetric transmitters. In this thesis, we used
biotelemetry to determine if core body temperature is a sensitive indicator of
chronic stress in pigs.

Behavioural Responses
Behavioural observations can provide cues about the preferences, needs and

internal states of the animals. Knowledge of normal species-specific behaviour is
necessary for using behaviour as indicator of stress and animal welfare. A part of
the behavioural response to stress may be cessation of normal behaviour.
Therefore, the delay before normal behaviour is resumed can be a useful measure
of stress (Broom, 1996b; Mench and Mason, 1997).

Stressful events may evoke uncertainty and conflict behaviour. The
occurrence of conflict behaviour is normal and even desirable in certain situations,
as it can help the organism to solve the conflict and thus falls within the adaptive
range of the animal. However, when the situation is such that the animal can not
solve the conflict, because retreat or escape from the situation is impossible or the
normal routines cannot be performed, behavioural changes may indicate chronic
stress and decreased animal welfare (Mench and Mason, 1997; Wiepkema and
Koolhaas, 1993). The occurrence of abnormal behaviour like apathy, redirected
behaviour, unresponsiveness, injurious and stereotypic behaviour is a typical
symptom of a situation of chronic stress (Broom, 1996b; Wiepkema and Koolhaas,
1993).

Behaviour in a novel environment, for example exploration or locomotion, is
often associated with emotions of the animal like fear or excitement (Hessing et al.,
1994; Lawrence et al., 1991). Fear in a novel environment test may be indicative
for the quality of the home situation, and can thus be related to animal welfare. The
behavioural tests can be validated for measuring emotions, e.g. fear, by using
pharmaca (e.g. anxiolytica) (in pigs: Andersen et al., 1999).
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Thus, in addition to physiological measurements, changes in normal
behaviour, occurrence of abnormal behaviour and performance in specific
behavioural tests may be useful indicators of a situation of chronic stress and
decreased animal welfare.

Individual Differences
Studies in many species showed that the behavioural response to stress

shows large inter-individual variation. These behavioural differences were
correlated with differences in physiological responses, and appeared to be
consistent over time (e.g. Benus et al., 1987; Hessing et al., 1994; Henry and
Stephens, 1977; Koolhaas et al., 1999).

Many studies of individual variation in behaviour and physiology have been
carried out in rodents in relation to aggressive behaviour. High- and low-aggressive
male mice and rats differed in their response to the social and non-social
environment. These responses seemed to reflect two different coping strategies.
The coping strategy of aggressive animals is aimed at the removal of themselves
from the source of stress or at removal of the stress source itself ('active' or
'proactive' strategy). The coping strategy of non-aggressive rodents seems to aim at
reduction of the emotional impact of stress ('passive' or 'reactive' strategy). These
different behavioural responses were correlated with specific physiological
responses. In short, the proactive animals seemed to be predominated by the
sympathetic nervous system, whereas the reactive animals seemed to be
predominated by the parasympathetic nervous system (Benus et al., 1987; Bohus et
al., 1987; Fokkema et al., 1988). Important is that the proactive and the reactive
strategy are succesful under different environmental conditions (Koolhaas et al.,
1999).

Also in pigs individual differences in behavioural and physiological
responses to stress have been reported, although it is unclear if two distinct coping
strategies can be distinguished (Ehrhard et al., 1999a, 1999b; Hessing et al., 1994;
Mendl et al., 1992; Ruis et al., 2000). Different behavioural strategies can be
distinguished at an early age by using the so-called 'backtest', that measures
resistance behaviour of piglets in a non-social situation (Hessing et al., 1994; Ruis
et al., 1999). Also a so-called 'tonic immobility test' has been used to distinguish
different behavioural strategies in piglets (Ehrhard et al., 1999a, 1999b).
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In conclusion, when measuring stress responses in pigs, it should be taken
into account that individuals may differ in the response to a particular stressor
because they may apply a different coping strategy.

Outline of the Thesis
The main scientific question of this thesis is to identify physiological

indicators of chronic stress in growing pigs. Behavioural studies showed that
barren housing conditions subject pigs to a situation of chronic stress as compared
to more enriched housing conditions (e.g. Beattie et al., 1995; De Jonge et al.,
1996; Schouten, 1986). This could therefore be used as an experimental paradigm
to identify physiological indicators of chronic stress. First, we obtained further
evidence that barren versus enriched environmental conditions can be used as a
paradigm to study indicators of chronic stress (chapter 2). Because chronic stress
may change the physiological responses to acute stressors (e.g. Janssens et al.,
1995b), physiological (heart rate, body temperature and cortisol) responses to acute
stressors were measured in pigs housed under barren conditions and in pigs housed
in a more enriched environment (chapter 2). In addition, we studied the home-pen
behaviour of enriched and barren housed pigs (chapter 2). As it turned out in
chapter 2 that enriched and barren housed pigs differed in HPA-axis activity,  the
circadian rhythm in cortisol and the relation between baseline circulating cortisol
concentrations and behaviour were studied as possible indicators of chronic stress
in pigs (chapter 3). In chapter 4, the behavioural and cortisol responses of enriched
and barren housed pigs to management-related stressors (preslaughter handling,
mixing and transport to the slaughterhouse) were studied.

Social stress caused by mixing of unfamiliar pigs is a common phenomenon
in pig husbandry that has long-term effects on productivity and health (Ekkel,
1996). In chapter 5, heart rate frequency, heart rate variability and the occurrence
of cardiac arrhythmias were studied as indicators of social stress in fattening pigs.
In chapter 6, long-term responses of body temperature, heart rate and behaviour
were measured after mixing of unfamiliar pigs.

Because deep body temperature depends on metabolic processes, we
hypothesised in chapter 7 that the nutritional level of pigs may affect the level of
body temperature and the circadian rhythm in body temperature. In addition, we
measured the effect of the nutritional level on heart rate, behaviour and salivary
cortisol levels.
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In Chapter 8, the major findings of chapter 2-7 are summarised and
discussed.
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ABSTRACT

In order to study the effects of environmental enrichment on physiological
responses to stressors and behaviour in growing pigs, pigs were either housed in a
barren environment (standard farrowing pens followed by standard rearing and
fattening pens) or in an enriched environment (larger farrowing pens followed by larger
rearing and fattening pens, provision of straw). Body temperature, heart rate and
salivary cortisol were measured during baseline conditions and in response to
relocation, isolation and restraint. Pigs housed in the barren environment performed
more manipulative social behaviour directed to pen mates than pigs housed in the
enriched environment. Physiological responses to the stressors were the same for
enriched and barren-housed pigs. Surprisingly, enriched-housed pigs had significantly
higher baseline salivary cortisol concentrations, especially at 14 and 17 weeks of age.
Moreover, enriched-housed pigs had a lower baseline body temperature at 17 weeks
of age. Thus, provision of straw has an effect on behaviour, baseline HPA-axis activity
and baseline body temperature in growing pigs.
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INTRODUCTION

In modern pig husbandry, growing pigs are housed under intensive conditions
in a barren and restricted environment. Behavioural studies show that such intensive
housing conditions may hamper the development of normal behaviour patterns and
have negative effects on pig welfare (Beattie et al., 1995; Schouten, 1986; Stolba and
Wood-Gush, 1980).

Several studies have compared the behaviour of pigs housed under intensive
conditions with the behaviour of pigs housed in a more enriched environment, such as
pens provided with substrate (Haskell et al., 1996) or pens with increased floor-space
and substrate (Beattie et al., 1995, 1996; Schouten, 1986). Pigs housed in these
enriched pens spent more time in exploration and had more diverse behaviour patterns
compared to pigs housed under intensive conditions (Beattie et al., 1995; Haskell et al.,
1996; Schouten, 1986) and showed less restlessness during rearing and when adult
(Schouten, 1986). Enriched-housed pigs showed less manipulative social behaviours
such as nosing, biting and massaging littermates (Beattie et al., 1995; Beattie et al.,
1996; Schouten, 1986). Barren rearing conditions disturb the development of
appropriate social skills; piglets thus housed develop abnormal agonistic behaviour
(Schouten, 1986) and behave more aggressively (De Jonge et al., 1996) than pigs
housed in an enriched environment. Moreover, the subordinate pigs reared in a barren
environment showed  delayed oestrus development, decreased weight gain and a
prolonged increase in cortisol after tethering compared to enriched reared pigs (De
Jonge et al., 1996).

Studies have shown that space restriction (Barnett et al., 1992; Meunier-Salaun
et al., 1987; Pearce and Paterson, 1993) or regular handling (Hemsworth and Barnett,
1991) not only affect behavioural but also physiological responses in growing pigs.
Although it is known that environmental enrichment improves pig welfare by limiting
manipulative social behaviour and improving social skills (Beattie et al., 1995, 1996;
De Jonge et al., 1996; Schouten, 1986), it is unknown if physiological responses of pigs
to stressors are affected by environmental enrichment. Therefore, in the present
experiment we studied the effect of environmental enrichment on the behaviour and
physiological responses to acute stressors in growing pigs.

We housed half of the pigs in standard intensive farrowing pens and fattening
pens (referred to as 'barren' environment). The remainder was housed in larger
farrowing and fattening pens which were supplied with straw (referred to as 'enriched'
environment). Body temperature, heart rate and salivary cortisol were measured during
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baseline conditions and in response to relocation, isolation and restraint. Behaviour was
observed in the home pen and during a confrontation test with an unfamiliar pig.

MATERIALS AND METHODS

Animals and Housing
Pigs (Great Yorkshire x (Great Yorkshire x Dutch Landrace)) used in this

experiment were either housed in an enriched (E) environment or in a barren (B)
environment from birth to slaughter. Three successive replicates of 16 pigs were used
in the experiment. Within each replicate, 2 groups of 4 pigs were assigned to the
enriched environment and 2 groups of 4 pigs were assigned to the barren environment.

Four sows (Great Yorkshire x Dutch Landrace) per replicate bred the piglets
used in this experiment. One week before the expected date of farrowing the sows were
housed in the farrowing pen. E piglets were born in farrowing pens (7.2 m2) with a
concrete lying area covered with straw (1.75 x 2.4 m) and a concrete slatted area (1.25
x 2.4 m). B piglets were born in standard farrowing pens where the sows were crated
(3.1 m2, half concrete area, half metal slats). Castration of male piglets, teeth clipping,
ear tattooing and tail docking were carried out at 3 days of age, following standard
animal husbandry procedure at the experimental farm. 

Piglets were weaned at 4 weeks of age and 6 piglets per sow (3 barrows, 3 gilts)
were randomly selected for use in this experiment. E piglets stayed in the same pen at
weaning and the sow and not-selected piglets were removed. At weaning, B piglets
were brought to the same room as the E piglets and housed in fully slatted pens (3 m2)
with their selected littermates. At 6 weeks of age, 1 barrow per group was selected for
implantation of a biotelemetric transmitter (see below).

At 10 weeks of age a final selection of 4 experimental pigs per sow (1 barrow
with a transmitter and selection of 1 barrow and 2 gilts) was done. E pigs were
relocated to enriched fattening pens (4.64 m2) with half concrete area covered with
straw and half concrete slats. Fattening pens were in the same building but in another
room. B pigs were relocated to barren fattening pens (3.36 m2) with half concrete lying
area and half concrete slatted floor. E and B fattening pens were in the same room. All
pens were cleaned daily and fresh straw was provided in the E pens in the morning.

Throughout the whole experiment, water and food were available ad libitum.
Environmental temperature was kept between 21-23ºC in each room. Artificial lights
were on from 6.00 - 18.00 h, with no daylight visible in the rooms.

Individual pigs could be recognised by a plastic ear tag, an ear tattoo and a
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number painted on their back. All pigs were accustomed by weekly handling to the
experimenter from 6 weeks of age to avoid unwanted stress reactions at saliva
sampling.

Physiological Measurements
Body Temperature and Heart Rate Measurements

Body temperature and heart rate were measured by active radiotelemetry using
implantable biotelemetric transmitters. At 6 weeks of age, a biotelemetric transmitter
(model TA10CTA-D70, DataSciences, St. Paul, MN, USA) was implanted surgically
in 12 barrows (one barrow per group) under complete anesthesia. Pigs were food
deprived for 12 h, sedated with azaperone i.m. (Stresnil® 1 cc/2kg, Janssen
Pharmaceutica, Tilburg, The Netherlands) and anesthetized with metomidate
hydrochloride i.v. (Hypnodil® 2.5 cc/5kg, Janssen Pharmaceutica). The transmitter was
implanted in the peritoneal cavity by making a longitudinal incision just caudal to the
thorax. One electrode lead was fixed to the caudal surface of the xiphoid process. The
other lead was subcutaneously extended on the thorax towards the cranial insertion of
the sternohyoid muscle and sutured in place. After recovery from anesthesia, pigs were
put back in their home pen and treated with antibiotics (Ampicillan 20%®, AUV,
Cuijk, The Netherlands) for 5 days; the experiments started 3 weeks later.

Frequency modulated heart rate and body temperature signals were received by
antennae (model RLA2000, DataSciences) above the pen. Data were processed, stored
and analyzed with a personal computer using a specialized data analysis system
(LabPro version 3.1, DataSciences). Body temperature and heart rate were sampled for
20 sec at 1 min intervals during testing.

Saliva Collection and Cortisol Analysis
Saliva was collected from all pigs by allowing the pigs to chew on two large

cotton buds until they were thoroughly moistened (about 30-60 sec per sample). The
buds were placed in tubes and centrifuged 10 min at 400 g. Saliva samples were stored
at -20ºC until analysis. Cortisol concentration in saliva samples was determined using
a solid-phase radioimmunoassay kit (Coat-a-Count Cortisol TKCO, Diagnostic
Products Corporation, Apeldoorn, The Netherlands) modified for pig salivary cortisol
(Ruis et al., 1997).

Weight Development
Pigs were weighed at weaning (4 weeks of age), relocating (10 weeks of age)
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and slaughter (27 weeks of age).

Adrenal Weight
At slaughter the adrenals were removed and weighed. Weight of both adrenals

was averaged and expressed as percentage of body weight.

Home Pen Behaviour
Home pen behaviour was studied at 21 weeks of age. Behaviour was recorded

on videotape during the light period (06.00-18.00 h) on 4 successive days. Duration
and frequency of the behavioural elements as described in Table 1 were scored
continuously per pig using the Observer program (Noldus, Wageningen, The
Netherlands).   

Agonistic Behaviour in Confrontation Test
Agonistic behaviour was studied in a confrontation test. At 26 weeks of age, pigs

were confronted pairwise in a test pen in another room. Two pigs of the same treatment
and sex but from different pens were randomly chosen and brought to the test pen (1.75
x 2.4 m) with a concrete floor. Water was available ad libitum, no food was available.
Behaviour was recorded on videotape during 4 h (10.00 - 14.00 h). Thereafter, the pigs
were brought back to their home pen. Agonistic behaviour was classified as described
by Jensen et al. (1980). Duration and frequency of the behavioural elements as
described in Table 2 were scored continuously per pig using the Observer program
(Noldus).

Table 1. Ethogram showing the behavioural measures of the home pen recordings

Behaviour Definition

Eating Time spent with the head in the feeder

Walking Walking through the pen

Running Trotting, gallopping through the pen

Explore object Sniffing, touching or pushing objects

Explore substrate Rooting, sniffing, touching the substrate

Explore pen Rooting, sniffing, touching the walls or ground of the pen (except

substrate and objects)

Nosing Sniffing with the nose any part of another pig

Massaging Rubbing any part of another pig

Nibbling Nibbling any part of another pig

Other All other behaviour
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Posture Definition

Standing Standing, walking, running on four legs

Lying Lying on side or sternum

Sitting Standing on fore-legs, hind quarter on the floor

Stressors
Relocation

At 10 weeks of age, 4 pigs per group were selected (see above). At 12.00 h,
these pigs were randomly taken out of their pen, weighed and immediately put in a
fattening pen in another room with their littermates. Saliva samples were taken at 45
and 5 min before, and 5, 15, 30, 60, 90, 120 min after relocation. Body temperature and
heart rate of one barrow per group was measured from 45 min before until 120 min
after relocation.

 Table 2. Ethogram of the behaviour scored in the confrontation test

Behaviour Definition

States (duration scored)

Lying Lying inactive on side or sternum

Standing inactive  Standing inactive, apparently doing nothing

Agonistic All agonistic behaviour, i.e. pushing, lifting, biting, nosing,

knocking (see description of the scored events)

Other All other activities than lying, standing inactive, agonistic

Events (frequency scored)

Knock A rapid thrust upwards or sideways with the head or snout to any

part of the body, including the head

Bite Bites directed at all parts of the body

Push Pushing the shoulders against the other pig, throwing the head

against the neck,

flanks or head of the other

Lift Pushing the snout under the body of the other pig and lifting it up

Nose-to-nose Sniffing or shortly touching the nose or head of the other pig

Ano-genital nosing Sniffing or shortly touching the genital region of the other pig

Nose-to-body Sniffing or shortly touching the body of the other pig, except the

anogenital region or the head

Submissive The pig moves away from the other pig rapidly with head high.

Occurs only after a fight



32

Isolation
At 14 weeks of age, pigs were randomly subjected to 1 h isolation without water

and food in a test pen (1.45 x 1.45 m, no substrate) in a separate room. There was no
visual, auditory and olfactory contact with other pigs. The isolation tests were carried
out between 9.30 and 14.00 h. Behaviours and vocalisations were recorded on
videotape during the isolation period and analyzed using the Observer program
(Noldus, Wageningen, The Netherlands). The duration of the following behaviours was
scored: (1) walking; (2) standing; (3) sitting; (4) exploring, i.e. sniffing, chewing or
nosing the pen or the floor; (5) lying. Frequency of vocalisation bouts was scored using
the following classification: (1) grunts: all low-pitched vocalisations; (2) squeals: all
high-pitched vocalisations. Saliva samples were taken at 45 and 5 min before, and 5,
15, 30, 60, 90, 120, 150, 180 min after the beginning of the test. Body temperature and
heart rate of one barrow per group was sampled from 45 min before until 180 min after
the start of the test.

Restraint
At 17 weeks of age the pigs were randomly subjected to 15 min restraint by

using a nose snare; this procedure is commonly used for immobilisation in pig
husbandry. Pigs were individually relocated from their home pen to a separate test pen
in another room and immediately snared by putting a rope around the upper jaw for 15
min. Tests were carried out between 11.00 and 13.00 h. Vocalisation bouts during
testing were recorded and their frequency scored using the classification as described
for the isolation test. Saliva samples were taken at 45 and 5 min before, and 15, 30, 60,
90, 120, 150, 180 min after the start of the test. Heart rate and body temperature of one
barrow per group was measured from 45 min before until 180 min after the start of the
test.

Data Reduction and Statistical Analysis
Body temperature and heart rate were averaged over 15 min periods before and

after the start of the stress procedure. Increase or decrease in body temperature or heart
rate was determined by comparing the 15 min averages during and after the stress test
with the 15 min baseline value, and calculating the peak height compared to the
baseline value. Increase in salivary cortisol concentrations was determined by
comparing salivary cortisol concentrations to the baseline value at t=-5 min. Total
response of the HPA axis was expressed as the area under the response curve (AUC),
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calculated as the area above the baseline value at t=-5 min.
Changes in physiological parameters within E and B groups were determined for

each stressor using a paired t-test. Differences in weight, adrenal weight and cortisol
concentration between the treatments were analyzed with a mixed analysis of variance
model with treatment, replicate and sex as fixed effects in the model and group entered
as random effect. Components were estimated with Restricted Maximum Likelihood
Model (REML) procedure (Genstat, 1989). No effects of replicate or sex or interaction
between replicate and sex were found and these factors were excluded from the model.
Differences in body temperature and heart rate were analyzed using the REML
procedure with treatment and replicate as fixed effects. The factor replicate did not
significantly contribute to the variance and was excluded from the model. Correlations
between variables were determined using the Spearman Rank Correlation test (Genstat,
1989).    

A general analysis of variance was used to assess differences in the relative
frequency of behavioural elements in the home pen between E and P pigs. The factor
replicate was excluded from the model as it did not significantly contribute to the
variance. The same method was used to test for differences in the frequency of
behavioural elements scored in the social confrontation test. Sex and interaction-factors
were initially included in the model but because these did not significantly contribute
to the variance, they were deleted from the model in the final analyses. Differences or
correlations were considered significant if p<0.05.

RESULTS

Home Pen Behaviour
E pigs differed in their home pen behaviour from B pigs. E pigs spent less time

nibbling (p<0.001), massaging (p<0.05) and exploring the pen (p<0.01), but more time
running (p<0.05) and exploring the substrate (p<0.01) than B pigs (Fig. 1a). E pigs did
not differ significantly from B pigs in duration of standing, lying and sitting.

Agonistic Behaviour in Confrontation Test
When pigs were confronted with an unfamiliar pig in a new pen, B pigs spent

more time exploring the new environment than E pigs (p<0.05; 33.4 ± 4.3% vs. 21.6
± 2.9% for B and E pigs respectively). E pigs spent more time (p<0.05) lying down on
the floor (61.2 ± 3.7% vs. 72.2 ± 2.8% for B and E pigs respectively). A high variation
in the frequency of scored agonistic elements was observed between pairs. There were
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no significant differences in the frequency of the agonistic behavioural elements
between the treatments (Fig. 1b).

Figure 1. A. Relative duration of behaviour (mean ± sem, n=24 per treatment) scored during

the home pen observations for pigs housed in the enriched and barren environment. eat=eating,

walk=walking, run=running, exo=explore object, exs=explore substrate, exp=explore pen,

nos=nosing, mas=massaging, nib=nibbling, oth=other. * p<0.05, ** p<0.01, ***p<0.001. B.

Frequency of agonistic behavioural elements (mean ± sem, n=12 pairs per treatment) scored

in the confrontation test for pigs housed in the barren and enriched environment. kno = knock,

bit = bite, pus = push, lif = lift, ntn = nose-to-nose, nta = ano-genital nosing, ntb = nose to body.
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Responses to Acute Stressors
Relocation

Body Temperature. Body temperature significantly increased by 0.5°C above
baseline for at least 120 min after relocation for both experimental groups (p<0.05 for
E and B pigs) (Fig. 2, upper panel). Fifteen-minute averages of body temperature and
body temperature increase after relocation did not differ significantly between E and
B pigs.

Heart Rate. Heart rate frequency significantly increased after relocation (p<0.05
for E and B pigs), all pigs reaching a peak between 0 and 7 min after relocation. Heart
rate frequency showed large variation after relocation (Fig. 2, middle panel). Fifteen-
minute averages of heart rate and heart rate increase did not differ significantly between
E and B pigs.
 Cortisol. Cortisol significantly increased after relocation (p<0.001 for E and B
pigs), reached its peak level at t=5 min and decreasing thereafter (Fig. 2, lower panel).
E pigs had a significantly higher baseline cortisol concentration at t=-5 min (p<0.05).
At t=15 min B pigs had a significantly higher peak height (p<0.05). However,
treatments did not differ significantly in the area under the response curve following
relocation.

Correlations. Increases in body temperature, heart rate frequency and salivary
cortisol after relocation were not correlated.
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Figure 2. Acute response of body temperature (mean ± sem of n=6 per treatment, upper panel),

heart rate (mean ± sem of n=6 per treatment, middle panel) and cortisol (mean ± sem of n=24

per treatment, lower panel) to relocation at t=0 min. For significant differences between the

treatments, see results.
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Isolation
Body Temperature. After a short and very slight increase, body temperature

significantly (p<0.05 for E and B pigs) decreased during isolation for both
experimental groups; mean decrease during the last 15 min of isolation was 0.64 ±
0.23°C for B pigs and 0.49 ± 0.20°C for E pigs (Fig 3, upper panel). Absolute fifteen-
minute body temperature averages and body temperature decrease did not differ
significantly between E and B pigs.

Heart Rate. Heart rates increased significantly after isolation (p<0.05 for E and
B pigs) and decreased during the isolation period almost to baseline value (Fig. 3,
middle panel). Fifteen-minute averages of heart rate and heart rate increase did not
differ significantly between E and B pigs.

Cortisol. Salivary cortisol significantly increased after isolation and reached its
peak level at 15 min after the start of the isolation for both treatments (E pigs: p<0.05;
B pigs: p<0.001). Cortisol remained high during the isolation and declined after the end
of the isolation period (Fig. 3, lower panel). Salivary cortisol concentration was
significantly higher for the E pigs before testing: t=-45: p<0.000; t=-5: p=0.001 and
during testing, at t=5 (p=0.05) and t=60 (p<0.05). Salivary cortisol also was higher
after isolation for the E pigs: t=90: p<0.01; t=180: p<0.05 (Fig. 3, lower panel). Peak
height and area under the response curve did not differ significantly between E and B
pigs.

Behaviour and Vocalisations. E and B pigs did not differ in duration of
behavioural elements and number of vocalisations during isolation (data not shown).

Correlations. Body temperature and heart rate response during isolation were
positively correlated or tended to be correlated: 1st 15 min epoch: R=0.70, p<0.05; 2nd

15 min epoch: R=0.60, p<0.10; 3rd 15 min epoch R=0.68, p<0.05; 4th 15 min epoch:
R=0.60, p<0.10.
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Figure 3. Acute response of body temperature (mean ± sem of n=6 per treatment, upper panel),

heart rate (mean ± sem of n=6 per treatment, middle panel) and cortisol (mean ± sem of n=24

per treatment, lower panel) to isolation. Isolation from 0-60 min. For significant differences

between the treatments, see results.
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Figure 4. Acute response of body temperature (mean ± sem of n=6 per treatment, upper panel),

heart rate (mean ± sem of n=6 per treatment, middle panel) and cortisol (mean ± sem of n=24

per treatment, lower panel) to restraint. Restraint from 0-15 min. For significant differences

between the treatments, see results.
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Restraint
Body Temperature. Before restraint, B pigs had a significantly higher (p<0.001) body
temperature than E pigs (B pigs: 40.27 ± 0.08°C; E pigs: 39.69 ± 0.13°C). Body
temperature increased significantly (E pigs: p<0.01; B pigs: p<0.05) during and after
the restraint until 0.5°C above baseline level for both treatments at 25 min after the start
of the stressor (Fig. 4, upper panel). Fifteen-minute averages of absolute body
temperature values differed during the restraint test: B pigs had a significantly (p<0.01)
higher body temperature than E pigs (B pigs: 40.45 ± 0.10°C; E pigs: 40.03 ± 0.06°C).
Although the body temperature of B pigs remained higher after the restraint the
difference was not significant (Fig. 4, upper panel). The increase in body temperature
compared to baseline level did not significantly differ between E and B pigs.

Heart Rate. Heart rate frequency increased at the beginning of the restraint (E
pigs: p<0.05; B pigs: p=0.10, n.s.) but immediately decreased until baseline level
during the restraint (Fig. 4, middle panel). Fifteen-minute averages of heart rate and
decrease in heart rate did not differ significantly between E and B pigs.

Cortisol. Cortisol significantly (E pigs: p<0.01; B pigs: p<0.001) increased
until 30 min after the beginning of the restraint and was not back at baseline level
before t=90 min. Cortisol concentration was higher for E pigs before, during and after
the restraint (Fig. 4, lower panel). E pigs had a significantly higher cortisol at t=-45, t=-
5, t=15, t=30, t=60 (p<0.05) and t=120 (p<0.05). E and B pigs did not differ in peak
level and area under the response curve.

Vocalisations. E pigs squealed significantly (p<0.01) more than B pigs (E
pigs: 169 ± 12; P pigs: 112 ± 13).

Correlations. Body Temperature, heart rate and cortisol responses to restraint
were not correlated.

Weight Development
E and B pigs did not differ significantly in weight at 4 weeks of age (6.5 ± 0.2

vs. 6.7 ± 0.2 kg), 10 weeks of age (24.5 ± 0.7 vs. 22.6 ± 0.7 kg) and 27 weeks of age
(121.2 ± 2.2 kg vs. 110.2 ± 1.9 kg for E and B pigs respectively).

Adrenal Weight
Adrenal weights of E and B pigs did not differ significantly (2.0 ± 0.6 x10-3 vs.

1.6 ± 0.2 x10-3 % of live weight respectively).
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DISCUSSION

The present study shows that the provision of straw affects both behaviour and
physiology in growing pigs. E pigs showed less manipulative social behaviours in the
home pen than B pigs at 21 weeks of age, which confirms the results of previous
studies (Beattie et al., 1995, 1996; Schouten, 1986). Surprisingly, E pigs had higher
baseline cortisol concentrations and a lower baseline body temperature than B pigs. The
physiological responses to the stressors did not differ between E and B pigs.

Behaviour
E pigs performed less nibbling, massaging and nosing of pen mates than B pigs

at 21 weeks of age, confirming the results of previous studies (Beattie et al., 1995,
1996; Horrell, 1993; Schouten, 1986). Both E and B pigs spent the same time
exploring but B pigs mainly explored the pen, whereas E pigs mainly explored the
substrate. The exploration of the pen may be less satisfying than the exploration of
substrate, and it has been suggested that because of the lack of suitable material for
exploration B pigs redirect their explorative behaviour to the pen mates (Beattie et al.,
1995; Schouten, 1986). The increased amount of manipulative social behaviour in B
pigs may be injurious to pen mates, and eventually lead to cannibalism (Beattie et al.,
1995, 1996) which has obvious negative implications for pig welfare.

In the confrontation test, time spent in exploration was higher for B than E pigs.
An increased amount of exploration of novel objects by B pigs than E pigs was shown
before (Pearce and Paterson, 1993; Stolba and Wood-Gush, 1980), possibly because
B pigs have a strong, unsatisfied motivation for exploration (Stolba and Wood-Gush,
1980). During the isolation test in this experiment E and B pigs did not differ in the
time spent in exploration, however, the stress caused by isolation may have reduced the
motivation of the pigs to explore the new environment. Because the duration of the
confrontation test was longer, the stress caused by the new environment and the
unfamiliair pig may have reduced the motivation to explore in the beginning of the test,
but not during the latter part of the test.

Although previous work shows that B pigs are more aggressive and show more
deviant agonistic behaviour than E pigs (De Jonge et al., 1996; Schouten, 1986),
similar differences were not detected in this study. However, we did not determine the
social status of the pigs in the present experiment. Previous research showed increased
aggression in subordinate pigs reared in a barren environment (De Jonge et al., 1986),
and that B pigs have more problems in establishing a dominance hierarchy (De Jonge
et al., 1986; Olsson et al., 1997).
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Physiology
Differences in baseline cortisol concentration between E and B pigs, especially

at 14 and 17 weeks of age, show that provision of straw has an effect on hypothalamo-
pituitary-adrenal (HPA)-axis regulation. Cortisol concentrations in saliva of B pigs
were within the same range as previously has been found for pigs housed under similar
conditions (Ekkel et al., 1997; Ruis et al., 1997). Higher baseline cortisol concentrati-
ons are often associated with chronic stress (De Jonge et al., 1996; Sapolsky, 1989;
Wiepkema and Koolhaas, 1993). Surprisingly, E pigs had a significantly higher
baseline cortisol concentration than B pigs, whereas previous studies showed that
welfare is improved in E pigs (Beattie et al., 1995; De Jonge et al., 1996; Schouten,
1986). However, as suggested previously (Jensen et al., 1996; Rushen, 1991;
Wiepkema and Koolhaas, 1993) the assessment of stress should not be based on
baseline cortisol measurements only. In addition, a prolonged cortisol increase in
response to stressors, increased adrenal weight and the performance of abnormal or
injurious behaviour are indicative of chronic stress (Harbusz and Lightman, 1992;
Jensen et al., 1996; Sapolsky, 1989; Wiepkema and Koolhaas, 1993). Except from the
higher baseline cortisol concentrations, physiological and behavioural observations in
this experiment do not indicate that E pigs were chronically stressed. E pigs did not
show a prolonged cortisol increase in response to stressors, and adrenal weight did not
differ between E and B pigs. Moreover, manipulative social behaviour even was
decreased in E pigs.

Differences in baseline cortisol concentration between E and B pigs may be
ascribed to differences in HPA-axis activity. Rat studies have shown that corticosteroid
hormones bind to two types of receptors in the brain: the glucocorticoid receptor (GR)
and the mineralocorticoid receptor (MR). The ability of an animal to respond
adaptively to its environment is dependent on the balance between MR and GR
function (De Kloet et al., 1993, 1994; Oitzl and De Kloet, 1992; Ratka et al., 1989);
a disturbed balance may lead to reduced or enhanced responsiveness to the
environment and alter behavioural adaptation (De Kloet et al., 1993; Oitzl and De
Kloet, 1992). Therefore, it is important to know if E or B pigs have a disturbed MR/GR
balance. Studies on MR and GR concentration and function in E and B pigs are needed
to give further information about underlying mechanisms.
   The observed differences in baseline cortisol concentration may also be ascribed
to differences in circadian rhythm in cortisol between E and B pigs. Besides the light
period, other external cues, such as the daily provision of fresh straw for E pigs can
determine the cortisol rhythm (Turek, 1994). However, stress can also affect the
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circadian rhythm in cortisol (e.g. Becker et al., 1985; Janssens et al., 1995; Ratka et al.,
1989) which may explain the difference in baseline cortisol concentration between the
treatments.

B pigs had a higher body temperature than E pigs. Stress can affect the body
temperature rhythm and the body temperature level (Ekkel, 1996). The differences in
baseline body temperature may also be explained by differences in circadian rhythms,
as suggested for the differences in baseline cortisol concentration. Studies are in
progress to measure body temperature and cortisol levels during 24 h to determine
whether environmental enrichment affects circadian rhythm or body temperature level.

Both the differences between baseline salivary cortisol concentration and
baseline body temperature level between E and B pigs increased with age. Several
mechanisms, like development of the HPA-axis and the development of different
circadian rhythms, as well as an increased sensitivity to environmental conditions on
a certain age, may play a role.

B pigs had a higher cortisol increase in response to relocation than E pigs;
however, the area under the response curve after relocation did not differ between E
and B pigs. Moreover, the treatments did not differ in the cortisol response to isolation
and restraint. Thus, the results indicate that E and B pigs do not differ in their cortisol
response to the stressors.

E and B pigs did not differ in the body temperature and heart rate responses to
the stressors. Heart rate increased initially in response to all stressors. Body temperature
showed an increase in response to relocation and restraint and a slight increase
followed by a decrease in response to isolation. The stress-induced hyperthermia in
response to restraint in pigs has been described before, and was shown to be mediated
by prostaglandin (Parrott and Lloyd, 1995); a stress-induced hypothermia has also been
described in rats (Chen and Herbert, 1995). It may be argued that both the body
temperature and heart rate responses to the stressors may have been partially caused by
a changed activity. However, during isolation no correlation between the time spent
active during the test and the body temperature and heart rate response was found (data
not shown), indicating that the body temperature and heart rate responses were caused
by the stressor only.
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Conclusions
Behavioural measurements in this experiment, although only measured at one

stage in the development, support the view of other authors (Beattie et al., 1995, 1996;
De Jonge et al., 1996; Schouten, 1986) that housing pigs in a barren environment has
negative implications for welfare. Surprisingly, enriched-housed pigs had higher
baseline cortisol concentrations. Further experiments are needed to determine if
environmental enrichment as described in this experiment significantly improves pig
welfare.
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ABSTRACT

Previously we showed that pigs reared in an enriched environment had
higher baseline salivary cortisol concentrations during the light period than pigs
reared under barren conditions. In the present experiment it was investigated
whether these higher baseline salivary cortisol concentrations were a real
difference in cortisol concentration or merely represented a phase difference in
circadian rhythm. The effects of different cortisol concentrations on the
behavioural responses to novelty and learning and long-term memory in a maze
test were also studied in enriched and barren housed pigs. At 9 weeks of age
enriched and barren housed pigs did not differ in baseline salivary cortisol
concentrations nor in circadian rhythm, but at 22 weeks of age barren housed pigs
had a blunted circadian rhythm in salivary cortisol as compared to enriched housed
pigs. The differences in baseline salivary cortisol concentrations between enriched
and barren housed pigs are age-dependent and become visible after 15 weeks of
age. Enriched and barren housed piglets did not differ in time spent on exploration
in the novel environment test. Barren housed pigs had an impaired long-term
memory in the maze test as compared to enriched housed pigs, however, no
differences in learning abilities between enriched and barren housed pigs were
found. Because blunted circadian cortisol rhythms are often recorded during states
of chronic stress in pigs and rats or during depression in humans, it is suggested
that the blunted circadian rhythm in cortisol in barren housed pigs similarily may
reflect decreased welfare.
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INTRODUCTION

In modern husbandry, growing pigs are often housed under 'poor' conditions
in barren pens, with little space allowance. Comparing the behaviour of these pigs
to the behaviour of pigs housed under more enriched conditions, in larger pens with
strawbedding, it was shown that barren housing conditions hamper the expression
of normal behaviour (Beattie et al., 1995a; Beattie et al., 1996b; De Jonge et al.,
1996; Schouten, 1986). Pigs reared under barren conditions perform more
manipulative social behaviour like biting, nosing and massaging of littermates
(Beattie et al., 1995a, 1996b; De Jong et al., 1998; Schouten, 1986), behave more
aggressively (De Jonge et al., 1996) and develop more abnormal agonistic
behaviour (Schouten, 1986) than pigs reared in an enriched environment. Pigs
housed in a barren environment showed an increased amount of exploration of
novel objects (Stolba and Wood-Gush, 1980) or a novel environment (De Jong et
al., 1998; Mendl et al., 1997) than enriched housed pigs, and it has been suggested
that pigs housed in a barren environment have a stronger motivation for exploration
than enriched housed pigs (De Jong et al., 1998; Mendl et al., 1997; Stolba and
Wood-Gush, 1980). From these behavioural studies it was concluded that barren
housing conditions have negative effects on pig welfare (Beattie et al., 1995a,
1996b; De Jonge, 1996; Mendl et al., 1997; Stolba and Wood-Gush, 1980).

We showed that pigs housed in a barren environment differed not only
behaviourally, but also physiologically, from pigs housed under enriched
conditions. Surprisingly, pigs housed in a barren environment had lower baseline
salivary cortisol concentrations measured during the light period than enriched
housed pigs, especially at a later age (De Jong et al., 1998). Increased baseline
plasma cortisol concentrations are often associated with conditions of chronic
stress (Sapolsky, 1989; Wiepkema and Koolhaas, 1993). But, in view of the
behavioural data, enriched housed pigs were not supposed to suffer from chronic
stress as compared to pigs housed under barren conditions. It was, however,
unclear if the higher baseline salivary cortisol concentrations in enriched housed
pigs were a real difference or merely represented a phase difference in circadian
rhythm in cortisol. Therefore, in the present experiment we measured the circadian
rhythm in salivary cortisol at different ages in pigs reared in an enriched and in a
barren environment.
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It has been shown in rats that disturbed corticosterone levels, i.e. very low or
very high circulating corticosterone concentrations, impaired spatial learning (De
Kloet et al., 1994; Oitzl and De Kloet, 1992). Moreover, studies in rodents showed
that environmental enrichment improves spatial abilities in a maze (Juraska et al.,
1984, 1989; Paylor et al., 1992). Therefore, it was also studied here if enriched
housed pigs have better spatial learning abilities than pigs housed in a barren
environment in a maze test at different ages. Disturbed corticosterone levels in rats
also increased the behavioural reactivity to novelty  (Oitzl et al., 1994). Earlier, it
has been found that pigs housed in a barren environment spent more time on
exploration of a novel environment or a novel object at a later age than enriched
housed pigs (De Jong et al., 1998; Mendl et al., 1997; Stolba and Wood-Gush,
1980). We investigated if pigs housed in a barren environment already differ from
enriched housed pigs in their behavioural response to novelty at a young age, by
confronting enriched and barren housed piglets with a novel environment.

MATERIALS AND METHODS

All procedures in this study were approved by the ID-Lelystad Animal Care
and Use Committee (Lelystad, The Netherlands).

Animals and Housing
The experiment was performed with 48 crossbred pigs (Great Yorkshire x

(Great Yorkshire x Dutch Landrace)). Pigs were either reared in an enriched (E)
environment or in a barren (B) environment as described earlier (De Jong et al.,
1998). Two successive replicates were used in the experiment. Within each
replicate, three groups of four pigs were assigned to the E environment, and three
groups of four pigs were assigned to the B environment.

Six sows per replicate bred the piglets used in this experiment. One week
before the expected date of farrowing the sows were housed in the farrowing pen.
E piglets were born in farrowing pens (7.2 m2) with a concrete lying area covered
with straw (1.75 x 2.4 m) and a concrete slatted area (1.25 x 2.4 m). B piglets were
born in standard farrowing pens where the sows were crated (3.1 m2, half concrete
area, half metal slats). Castration of male piglets, teeth clipping, ear tattooing and
tail docking were carried out at three days of age, following standard animal
husbandry procedures at the experimental farm.
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Piglets were weaned at 28 days of age and six piglets per sow (three
barrows, three gilts) were randomly selected within a litter for use in this
experiment. Piglets stayed in the same pen at weaning and the sow and not-selected
piglets were removed. At 10 weeks of age a final randomly selection within a litter
of four experimental pigs per sow (two barrows, two gilts) was done. E pigs were
relocated to enriched fattening pens (4.64 m2) with half concrete area covered with
straw and half concrete slats. B pigs were relocated to barren fattening pens (3.36
m2) with half concrete lying area and half concrete slatted floor. E and B fattening
pens were in the same room. All pens were cleaned daily and fresh straw was
provided in the E pens at 08.30 h. Throughout the whole experiment, water and
food were available ad libitum. Environmental temperature was kept between 19-
21ºC in each room. Artificial lights were on from 06.00 - 18.00 h, with no daylight
visible in the rooms.

Individual pigs could be recognized by a plastic ear tag and a number
painted on their back. All pigs were accustomed to the experimenter by weekly
handling from five weeks of age to avoid unwanted stress reactions to saliva
sampling.

Saliva Collection and Cortisol Analysis
Saliva was collected from all pigs every hour during 24 hours at 9 and 22

weeks of age. In addition, saliva was collected from all pigs at 11, 13, 15, 17 and
19 weeks of age at the peak of the circadian cycle, i.e. at 10.00 h. Saliva was
collected by allowing the pigs to chew on two large cotton buds until they were
thoroughly moistened (about 30-60 sec per sample). The buds were placed in tubes
and centrifuged 10 min at 400 g. Saliva samples were stored at -20ºC until analysis.
Cortisol concentration in saliva samples was determined using a solid-phase
radioimmunoassay kit (Coat-a-Count Cortisol TKCO, Diagnostic Products
Corporation, Apeldoorn, The Netherlands) modified for pig salivary cortisol (Ruis
et al., 1997). Cortisol in saliva is essentially in the free biologically active form,
and is a good indication of levels of cortisol in blood plasma (Kirschbaum and
Hellhammer, 1989; Parrott et al., 1989).
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Behavioural Tests
Novel Environment Test

At five weeks of age, piglets were subjected to a novel environment test. The
door of the pen was opened and the piglets were allowed to move freely through
the passageway (1.10 x 9.9 m) for 10 min. The passageway was divided in 10
imaginary sections. Behaviour was recorded on videotape, and for each piglet the
following elements were scored using the Observer software (Noldus,
Wageningen, The Netherlands): (1) latency to leave the pen; (2) time spent
exploring, i.e. rooting or nosing the passageway (expressed as % of time spent in
the passageway); (3) time spent in a section of the passageway without other
piglets (expressed as % of time spent in the passageway); (4) time spent in the
home pen after entering the passageway (expressed as % of time spent in the
passageway). At t=10 min, an unfamiliar person entered the passageway and sat in
the middle for another 5 min. In addition to time spent exploring, time spent in a
section without other piglets and time spent in the home pen as described above,
we scored (1) latency to enter the section of the person; (2) latency to touch the
person (3) frequency of touching the person; (4) time spent in the same section as
the person (expressed as % of time spent in the passageway).

Maze Test
At 11 and 20 weeks of age, the pigs were trained to run three different maze

configurations. The maze configurations were developed using the concept of the
'Hebb-Williams maze' (Hoplight et al., 1996), that is used to study learning and
memory in rodents. In a pilot study different types of Hebb-Williams maze
configurations were adapted for pigs. Figure 1 presents the three different maze
configurations used in this experiment. Each maze was divided in imaginary
sections.

The maze was located in a separate room without olfactory, auditory and
visual contact with other pigs. Pigs were food deprived for 12 hours, and were
trained to find a food reward (30 g of standard pelleted pig food) at the end of the
maze. Pigs were randomly taken out of their pen and led through a passageway to
the start of the maze. The start box was opened and the pig was allowed to find and
eat the food reward. During a trial for each pig was scored: (1) number of wrong
line crossings (i.e. crossing the line of an imaginairy section in the wrong
direction); (2) time to reach the food; (3) frequency of defaecating and urinating. If
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the pig did not find the food reward in a trial within 10 min, it was gently led to the
food, allowed to eat and given the maximum time score. The maze was cleaned
after each pig.

At 11 weeks of age, pigs were trained to run maze I and maze II (Fig. 1). In
the first session, they were allowed to explore maze I and to find the reward. If a
pig did not find the food within 15 min, it was led to the reward. Thereafter, each
pig received six trials (two trials/day, 3 h interval between trials on the same day).
After six trials, pigs were subjected to maze type II (Fig. 1) during six trials.

At 20 weeks of age, pigs were subjected to maze II, which they already were
subjected to at 11 weeks of age. After three trials, they were subjected to maze III
during five trials (Fig. 1).They were subjected to two trials per day, with an inter-
trial interval of 3 h.

Figure 1. Configurations of maze I, II and III used in the maze test. Dotted lines show the
imaginary sections of a maze.

start
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Statistical Analysis
Differences in cortisol concentration in the saliva and behaviour in the maze

between E and B pigs were analyzed with a mixed analysis of variance model with
treatment, replicate and sex as fixed effects in the model and group entered as
random effect. Components were estimated with Restricted Maximum Likelihood
Model (REML) procedure (Genstat, 1993). No replicate or sex effects were found.
The residuals were checked for homogeneity of variance. Data on latencies and
number of errors in the maze test showed heterogeneity due to an increased
variance with increasing mean, and were logarithmically transformed and re-
analyzed. Group means of behavioural variables in the novel environment test were
analyzed with a mixed analysis of variance model with treatment and replicate as
fixed effects in the model. No replicate effects were found after analysis.
Components were estimated with the REML procedure (Gestat, 1993). Differences
were considered significant if p<0.05.

RESULTS

Cortisol
At nine weeks of age, E and B pigs did not differ significantly in baseline

salivary cortisol concentrations measured over 24 hours (Fig. 2, upper panel). The
integrated 24-hour salivary cortisol concentration is 2.24 ± 0.16 ng/ml for E pigs
and 2.15 ± 0.13 ng/ml for B pigs at 9 weeks of age. However, at 22 weeks of age E
pigs had a clear circadian rhythm in salivary cortisol whereas B pigs had a blunted
circadian rhythm in salivary cortisol as compared to E pigs (Fig. 2, lower panel). E
pigs had a significantly higher baseline salivary cortisol concentration during the
light period than B pigs: at 09.00 h: p<0.05; at 10.00 h: p<0.05; at 11.00 h: p<0.05;
at 12.00 h: p<0.10; at 13.00 h: p<0.05; at 16.00 h: p<0.01; at 17.00 h: p<0.05; at
18.00 h: p<0.10. Moreover, E pigs had a significantly higher baseline salivary
cortisol concentration than B pigs during the dark period at 05.00 h (p<0.01) and at
19.00 h (p<0.01). The integrated 24-hour cortisol concentration is 2.82 ± 0.25
ng/ml for E pigs and 1.51 ± 0.08 ng/ml for B pigs at 22 weeks of age.
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Figure 2. Baseline salivary cortisol concentrations (mean ± sem) measured over 24 hours at
9 weeks of age (upper panel) and at 22 weeks of age (lower panel) for enriched and barren
housed pigs. Black bars indicate the dark period. # p<0.10 (tendency), *p<0.05, **p<0.01.
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Figure 3. Baseline salivary cortisol concentrations (mean ± sem) at 10.00 h from 9 to 22
weeks of age for enriched and barren housed pigs. #p<0.10 (tendency), *p<0.05, **p<0.01.
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In addition, baseline salivary cortisol concentrations were measured at 11,
13, 15, 17 and 19 weeks of age at the peak of the circadian cycle, i.e. at 10.00 h.
Fig. 3 shows an overview of the baseline salivary cortisol concentrations at 10.00 h
from 9 to 22 weeks of age for E and B pigs. Between 9 and 11 weeks of age
salivary cortisol concentrations slightly increase for all pigs (p<0.01 at least for
both E and B pigs), at 15 weeks of age salivary cortisol concentrations suddenly
increase for all pigs, and between 15 and 22 weeks of age salivary cortisol
concentrations decrease for all pigs (p<0.001 for both E and B pigs). E and B pigs
significantly differed in their baseline salivary cortisol concentration from 17
weeks of age: E pigs had a significantly higher baseline salivary cortisol
concentration than B pigs at 17 weeks of age (p<0.01) and at 22 weeks of age (see
above; p<0.05), and tended to have a higher baseline salivary cortisol concentration
at 19 weeks of age (p<0.10). At 9, 11, 13 and 15 weeks of age baseline salivary
cortisol concentrations at 1000 h did not differ significantly between E and B pigs.

Behaviour
Novel Environment Test

E pigs spent significantly more time in a section without other pigs of the
group than B pigs (p<0.01; Table 1). Although B pigs had a longer latency to leave
the home pen and spent more time in the home pen after entering the passageway
once, the differences were not significant (Table 1). In contrast, after the
introduction of the person, B pigs tended to spent more time in a section without
other pigs of the group than E pigs (p<0.10; Table 1). Latency to touch the person
tended to be shorter for B pigs (p<0.10) but E and B pigs did not differ
significantly in other behavioural parameters measured after the introduction of the
person (Table 1).

Maze Test
Both E and B pigs quickly learned the configuration of maze I and II at 11

weeks of age (Table 2). E and B pigs did not differ significantly in latency to reach
the food, frequency of defaecating and urinating (data not shown) and the number
of incorrect line crossings (Table 2) in maze I and maze II at 11 weeks of age.
However, when maze II was repeated at 20 weeks of age, B pigs had significantly
more incorrect line crossings during the first trial than E pigs (p<0.05; Table 2). E
and B pigs did not differ significantly in latency to reach the food and frequency of
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defaecating or urinating during the first trial of maze II at 20 weeks (data not
shown). During subsequent trials, and in maze III E and B pigs did not significantly
differ in the latency to reach the food, frequency of defaecating and urinating (data
not shown) and the number of incorrect line crossings (Table 2).

Table 1.  Mean values ± sem for behavioural parameters measured during the novel
environment test for E and B piglets before and after the introduction of an unfamiliar
person.

       mean values ± sem
parameter E piglets B piglets

without person latency to leave pen (sec) 95.11±10.84 152.48±25.34
% time exploring 20.11±1.62 17.41±2.90
% time in 1 section without other
pigs 8.66±1.02 6.35±1.05**

% time in home pen 17.46±1.65 32.68±5.44
with person latency to enter section with

person (sec) 102.36±16.28 94.85±15.08
latency to touch (sec) 226.99±16.58 148.42±24.73#

% time in section with person 4.26±0.67 3.67±0.61
frequency of touching the person 1.28±0.28 2.50±0.41
% time exploring 27.85±3.35 29.94±4.99
% time in 1 section without
other pigs 5.58±1.21 8.15±1.35#

% time in home pen 2.24±0.72 13.41±2.23

 #p<0.10 (tendency) E vs. B pigs; **p<0.01 E vs. B pigs
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Table 2. Number of incorrect line crossings for E and B pigs in maze I and maze II (11
weeks of age), and maze II and maze III (20 weeks of age)

nr. of incorrect crossings (mean±sem)
Maze type Age Trial E pigs B pigs
I 11 weeks 1 7.21±1.18 8.33±1.91

2 4.12±0.95 3.62±0.68
3 3.45±0.64 2.70±0.41
4 2.25±0.29 2.83±0.51
5 2.12±0.36 2.29±0.34
6 2.16±0.26 2.00±0.31

II 11 weeks 1 15.45±3.41 18.67±3.39
2 7.54±2.07 4.79±1.14
3 1.87±0.32 2.58±0.80
4 0.91±0.19 2.70±0.91
5 1.79±0.83 1.08±0.28
6 0.70±0.23 1.95±0.69

II 20 weeks 1 3.12±1.05 11.95±3.6*

2 1.04±0.29 1.00±0.40
3 1.25±0.48 0.54±0.52

III 20 weeks 1 13.75±3.03 16.18±4.22
2 4.83±0.87 3.86±0.85
3 2.87±0.45 3.59±1.02
4 1.41±0.28 4.40±2.08
5 1.41±0.34 2.04±0.43

* p<0.05 E vs. B pigs

DISCUSSION

The present experiment demonstrates that pigs housed in a barren
environment have a blunted circadian rhythm in salivary cortisol compared to pigs
housed under enriched conditions at 22 weeks of age. The differences in baseline
salivary cortisol concentration between enriched and barren housed pigs are age
dependent, and become visible from 15 weeks of age. Enriched and barren housed
piglets did not differ in time spent on exploration in the novel environment test. In
addition, the results indicated that pigs housed in a barren environment had an
impaired long-term memory in the maze test compared to enriched housed pigs.
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Cortisol
Cortisol measurements showed that the higher baseline salivary cortisol

concentrations during the light period in E pigs compared to B pigs are age
dependent, and become visible from 15 weeks of age. In addition, we showed that
baseline cortisol concentrations slightly increased between 9 and 11 weeks of age,
also increased between 13 and 15 weeks, and then gradually decreased until 22
weeks of age for both E and B pigs. These data confirm the results of other studies
(Ekkel et al., 1996; Evans et al., 1988; Kirkwood et al., 1987; Ruis et al., 1997) that
salivary and plasma cortisol concentrations in pigs initially increase followed by a
decrease with age. In children, it was also shown that an initial increase in cortisol
concentration until 1-6 years of age is followed by a decrease until 15 years of age
(Haen et al., 1994; Onishi et al., 1983). In rats, baseline corticosterone
concentrations are low between 4 and 14 days of age and in this period (the so-
called stress hyporesponsive period) corticosterone responses to stressors are
blunted (Levine, 1994; Sapolsky and Meaney, 1986). Such a stress hyporesponsive
period may also exist in pigs during the period of low baseline cortisol
concentrations; however, further research is necessary to study the relationship
between baseline cortisol concentrations and HPA-axis responses to stressors in
young pigs. We showed that differences in baseline cortisol concentrations
between enriched and barren housed pigs become visible after 15 weeks, indicating
that it may be possible that the HPA-axis in pigs is less sensitive to environmental
stress before this age.

Analyses of the circadian rhythm in salivary cortisol showed that B pigs
have a blunted circadian rhythm in salivary cortisol at 22 weeks of age as
compared to E pigs. Blunted circadian rhythms in cortisol are found in situations of
chronic stress in pigs or rodents (e.g. Barnett et al., 1987; Becker et al., 1985;
Janssens et al., 1995; Makino et al., 1995), and during some disease states in
humans like certain types of depression (e.g. Barden et al., 1995; Deuschle et al.,
1997; Souêtre et al., 1989; Yehuda et al., 1996). However, a difference between the
blunted circadian cortisol rhythm during chronic stress in pigs and rodents or
depression in humans, and the blunted rhythm of B pigs in our study is that during
chronic stress or depression there is an elevated circadian trough (Deuschle et al.,
1997; Janssens et al., 1995; Yehuda et al., 1996), whereas in this experiment B pigs
have a decreased circadian peak. But, like in chronically stressed animals or
depressed patients, the blunted circadian rhythm in cortisol in B pigs may be an
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endocrine sign of decreased welfare. If the blunted circadian rhytm in cortisol in B
pigs means that their psychological state can be compared to depression, treatment
with antidepressants may normalize their HPA-axis function (e.g. Barden et al.,
1995; Reul et al., 1993, 1994). Further research is necessary to study if B pigs
indeed have depressive symptoms.

Chronic disturbance of the circadian rhythm in corticosterone in rats has
been shown to have effects on the HPA-axis responses to stress. Chronic
disturbance of the circadian rhythm in corticosterone and maintenance of the
corticosterone concentration at a low level causes augmented ACTH responses to
different stressors (Akana et al., 1988; Jacobson et al., 1988). Thus, circadian
increases in corticosterone seem to be required for normal termination of ACTH
responses to stress (Jacobson et al., 1988), and thus for normal physiological
functioning of the animal. Although we did not measure ACTH responses to
stressors in E and B pigs yet, we observed increased cortisol responses to transport
stress in B pigs (De Jong, unpublished results), possibly indicating that also in pigs
chronic disturbance of the circadian rhythm in cortisol has effects on the HPA-axis
responses to stress.

The blunted circadian rhythm in cortisol in B pigs may reflect a difference in
activity level between E and B pigs. E pigs may be more active and more aroused
because of the daily supplement of straw, in contrast to the B pigs that are housed
in a pen without environmental stimuli. However, the stronger motivation for
exploration in B pigs suggests a stronger arousal in B pigs as compared to E pigs
(De Jong et al., 1998; Mendl et al., 1997; Stolba and Wood-Gush, 1980). In a
similar previous experiment it was shown that the total time spent active during the
light period did not differ between E and B pigs (De Jong et al., 1998), although a
higher activity level of pigs reared in straw as compared to barren-reared pigs has
been reported by others (Morgan et al., 1998). It may also be possible that E pigs
differ in the circadian pattern of activity when compared to B pigs. E pigs may
show an increased activity when the fresh straw is supplied. Moreover, it has been
shown that the frequency of visits to the feed trough is increased during daytime in
pigs housed on strawbedding as compared to barren housed pigs (Morgan et al.,
1998). However, it remains to be investigated if the circadian pattern of activity in
pigs is related to the circadian pattern in cortisol.

In the present expriment, E pigs were born from enriched housed sows, and
B pigs were born from barren housed sows, to allow the pigs to experience the
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different environments from birth. We do not exclude that not only the rearing
environment, but also prenatal effects, affect the physiology and behaviour of the
pigs studied in the present experiment. It has been shown that housing conditions
of the sow affected pig behaviour until 13 weeks of age (Beattie et al., 1996a). In
rodents, it has been shown that prenatal stress affects the HPA-axis activity (e.g.
Maccari et al., 1995), but these effects have not been studied in pigs yet. The
prenatal effects of housing conditions of the sow on physiology and behaviour of
the offspring need to be further investigated.

Behaviour
In rats, it has been shown that corticosterone has an effect on the behavioural

response to novelty, that is mediated by central mineralocorticoid receptors (MRs).
Disturbed corticosterone levels, i.e. very low or very high circulating
corticosterone concentrations increase the behavioural reactivity to novelty (Oitzl
et al., 1994). Previous research showed that barren housed pigs spent more time on
exploration (De Jong et al., 1998; Stolba and Wood-Gush, 1980), and had a higher
locomotor activity (Beattie et al., 1995b), in response to novelty as compared to
enriched housed pigs at an age of 26-28 weeks. In the present experiment, enriched
and barren housed piglets did not differ in time spent on exploration in response to
novelty at 5 weeks of age. However, no differences in baseline salivary cortisol
concentrations between enriched and barren housed pigs were found before 15
weeks of age. These data suggest that a relationship between circulating cortisol
concentrations and the behavioural response to novelty may exist in pigs; however,
further research is necessary to test this hypothesis.

In a novel environment test not only the motivation to explore, but also fear
is measured (Lawrence et al., 1991). We observed that E piglets seem to respond
less fearfully to the novel environment, as they tended to have a shorter latency to
leave the pen and tended to spent less time in their home pen than B pigs. E piglets
spent significantly less time with their group mates in one section as compared to B
piglets, suggesting that they needed less social support of their group mates in the
novel situation than B piglets (Geverink et al., 1998). However, when the piglets
were used to the novel environment and the unfamiliar person entered the
passageway, B piglets approached this person more rapidly and spent less time
with support of their group mates than E piglets. These results suggest that at a
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young age, B piglets initially seem to be more fearful to a novel environment than
E piglets, but rapidly habituate to the novelty.

Corticosteroids not only influence the behavioural responses to novelty, but
corticosteroids also influence learning and memory. It has been shown that very
low or very high concentrations of circulating corticosterone impair spatial learning
in rats through actions via the MR and glucocorticoid receptor (GR) (De Kloet et
al., 1994; Oitzl et al., 1994). Central MRs and GRs play a role in specific aspects of
spatial learning (De Kloet et al., 1994; Oitzl et al., 1994), and in performance of
working and reference memory in a spatial learning paradigm (Douma et al.,
1998). Differences in baseline salivary cortisol concentrations between enriched
and barren housed pigs suggest that differences in central MR and GR
concentration between enriched and barren housed pigs may exist. Thus, it may be
possible that also in pigs there is a relationship between circulating cortisol
concentrations and spatial learning and memory in a maze test.

Training the pigs in a maze to find a food reward did not show differences in
learning abilities between E and B pigs at 11 as well as at 20 weeks of age.
However, data suggested that B pigs had an impaired long-term spatial memory as
compared to E pigs, because they made more mistakes when the maze test was
repeated at 20 weeks of age. These results indicate that in pigs a relationship
between baseline circulating cortisol levels and long-term spatial memory may
exist. However, further research studying MR and GR concentration and function
in enriched and barren housed pigs is necessary to support this hypothesis.

In rodents, it has been shown that animals reared in a more complex
environment had more dendritic branches in certain areas of the temporal cortex
and hippocampus (Greenough et al., 1973; Juraska et al., 1989; Kempermann et al.,
1997) and a higher weight of regions of the cortex and subcortex (Rosenzweig et
al., 1978) than animals reared in a barren environment. Thus, rearing conditions
may affect brain morphology. In addition, it had been shown that rats reared in a
more complex environment had a better performance in a radial maze test than rats
reared under impoverished conditions, thus there may be a functional relationship
between brain morphology and performance in a maze test (Juraska et al., 1984;
Paylor et al., 1992). Studies of brain morphology in pigs are needed to conlude if
rearing conditions affect brain morphology, and if this is related to long-term
spatial memory.
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It has been found that pigs housed in an enriched environment moved more
rapidly to the food in a T-maze, whereas pigs housed in a barren environment
explored more the environment. Moreover, pigs housed in a barren environment
could more rapidly change their behaviour when the T-maze was changed (Mendl
et al., 1997). In our experiment, E and B pigs did not differ in latency to reach the
food, nor did they differ in the number of mistakes before and after changing the
maze. This does not support the suggestion that E pigs behave more fixed and
routine-like than B pigs (Mendl et al., 1997).

Conclusions
The present experiment shows that the decreased baseline salivary cortisol

concentrations found in pigs housed in a barren environment in a previous
experiment (De Jong et al., 1998) can be ascribed to a blunted circadian rhythm in
salivary cortisol in barren housed pigs compared to enriched housed pigs. As a
blunted circadian rhythm in cortisol is often measured during situations of chronic
stress in pigs and rodents (e.g. Janssens et al., 1995; Makino et al., 1995) or
depression in humans (e.g. Deuschle et al., 1997; Yehuda et al., 1996), it is
suggested that similarily the blunted circadian rhythm in cortisol in barren housed
pigs may reflect decreased welfare. The present experiment indicated that a
relationship between circulating cortisol levels and behavioural response to novelty
and long term spatial memory may exist in pigs; however, further research is
necessary to support this hypothesis.

Cortisol levels are often used to assess chronic stress and subsequently judge
animal welfare (Rushen, 1991; Wiepkema and Koolhaas, 1993). However, the
present experiment demonstrates that the assessment of stress should not be based
on increased baseline cortisol levels only, but should also consider the shape of the
circadian rhythm in cortisol.
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ABSTRACT

The physiological and behavioural responses of slaughter pigs reared in
either a barren environment or in an enriched environment (larger pens with
strawbedding) to preslaughter handling and mixing at transport were studied.
Enriched reared pigs had higher salivary cortisol concentrations in the home pen,
before and after transport than barren housed pigs, but at the end of the lairage
period salivary cortisol concentrations did not differ between enriched and barren
housed pigs. In pigs reared in a barren environment, salivary cortisol
concentrations increased significantly after transport and being in lairage as
compared to home pen salivary cortisol concentrations. In pigs reared in an
enriched environment salivary cortisol concentrations did not significantly change
after any stage of preslaughter handling and transport as compared to home pen
salivary cortisol concentrations. In the lorry, pigs reared in a barren environment
tended to spend more time walking, standing and manipulating other pigs than
enriched reared pigs. Moreover, pigs reared in a barren environment tended to
spend more time walking and fighting in lairage than enriched reared pigs. Results
showed that rearing conditions may affect the behavioural and physiological
responses of pigs to preslaughter handling and mixing at transport. The tendency
for increased manipulation of pen mates and fighting, and the significant increases
in salivary cortisol in response to mixing at transport and being in lairage in pigs
reared in a barren environment, indicate that pigs reared in a barren environment
are likely to experience more stress during common preslaughter procedures than
pigs reared in an enriched environment.
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INTRODUCTION

Rearing conditions affect the behaviour and physiology of pigs during
rearing (Beattie et al., 1995a, 1996; De Jong et al., 1998; De Jonge et al. 1996;
Schouten, 1986). Pigs reared in a barren environment showed more manipulative
social behaviour like biting, nosing and massaging of pen mates (Beattie et al.,
1995a; De Jong et al., 1998; Schouten, 1986) and behaved more aggressively (De
Jonge et al., 1996; O'Connell and Beattie, 1999) than pigs reared under enriched
conditions, i.e. in larger pens with strawbedding. Moreover, pigs reared in a barren
environment had lower baseline salivary cortisol concentrations during the light
period (De Jong et al., 1998) as compared to pigs reared under enriched conditions.
We showed that the lower baseline salivary cortisol concentrations in the light
period in barren housed pigs were due to a blunted circadian rhythm in cortisol in
barren housed pigs as compared to enriched housed pigs. Enriched housed pigs had
higher salivary cortisol concentrations during the light period than barren housed
pigs, whereas during the dark period enriched and barren housed pigs did not differ
in baseline salivary cortisol concentrations (De Jong et al., 2000).

During preslaughter treatment and transport to the slaughterhouse, pigs are
confronted with many stimuli eliciting stress responses, e.g. loading and unloading
on the lorry, confrontation with novel environments, mixing with unfamiliar
conspecifics, unusual sounds and motion of the lorry (Bradshaw et al., 1996;
Grandin, 1997; Geverink et al., 1998; Warriss 1998). Because pigs reared in a
barren environment showed a higher behavioural reactivity to novel stimuli
(Beattie et al., 1995b; De Jong et al., 1998; Stolba and Wood-Gush, 1980; Olsson
et al., 1999), performed more abnormal aggressive behaviour and showed a higher
level of aggression (De Jonge et al., 1996; O'Connell and Beattie, 1999; Schouten,
1986) than enriched reared pigs, it may be expected that rearing conditions affect
the responses of pigs to preslaughter procedures and mixing at transport to the
slaughterhouse.

Previous studies indicated that rearing conditions indeed affect the responses
of pigs to preslaughter procedures. Pigs reared under barren conditions were easier
to load, but had higher cortisol responses to transport than enriched reared pigs
(Geverink et al., 1999). However, pigs in that study were not mixed with
unfamiliar conspecifics in the lorry, whereas mixing is a common procedure when
pigs are transported to the slaughterhouse (Bradshaw et al., 1996; Geverink et al.,
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1996). Warriss et al. (1983) observed calmer behaviour of extensively reared pigs
during loading but did not observe the behaviour during transport.

In the present experiment pigs reared in an enriched and barren environment
were mixed at transport, and behavioural and physiological responses to
preslaughter handling, transport and being in lairage were measured to gain insight
in the effect of rearing conditions on the abilities to cope with common stressors in
pig husbandry.

MATERIALS AND METHODS

All procedures were approved by the ID-Lelystad Animal Care and Use
Committee (Lelystad, The Netherlands).

Animals and Housing
Fourty-eight crossbred slaughter pigs (Great Yorkshire x (Great Yorkshire x

Dutch Landrace)) were used in this experiment. Two treatments, enriched (E) vs.
barren (B) housing conditions, were applied to two successive replicates of 24 pigs.
Within each replicate, three groups of four pigs were assigned to each treatment.
Each group consisted of two barrows and two gilts from the same litter.

E piglets were born in farrowing pens where the sows were loose housed
(7.2 m2), with a concrete lying area covered with straw (1.75 x 2.4 m) and a
concrete slatted area (1.25 x 2.4 m). B piglets were born in standard farrowing pens
without substrate where the sows were crated (3.1 m2, half concrete area, half metal
slats). Piglets were weaned at 28 days of age and six piglets per sow (three
barrows, three gilts) were randomly selected for use in this experiment. Piglets
stayed in the same pen at weaning and the sow and not-selected piglets were
removed. At 10 weeks of age a final selection of four experimental pigs per sow
(two barrows, two gilts) was done. E pigs were relocated to enriched fattening pens
(4.64 m2) with half concrete area covered with straw and half concrete slats. B pigs
were relocated to barren fattening pens (3.36 m2) with half concrete lying area and
half concrete slatted floor. E and B fattening pens were in the same room. Water
and food were available ad libitum. Pens were cleaned daily and fresh straw was
provided in the E pens at 08.30 h. Environmental temperature was kept between 19
to 21°C in each room. Artificial lights were on from 06.00 - 18.00 h.



Chapter 4

75

Transport and Lairage Procedure
Pigs were slaughtered at an age of 25 weeks (mean weight E pigs: 109.9 ±

2.5 kg, B pigs 109.6 ± 2.6 kg) at the slaughterhouse of the Institute for Animal
Science and Health (Lelystad, The Netherlands). For each replicate, the same
procedure before slaughter was applied. Food was withdrawn approximately 20 h
before slaughter. Pen-groups were separately loaded on the lorry. At 09.00 h, the
first group of pigs was allowed to voluntarily leave their pen and gently driven to a
transport box at the end of the passageway. The pigs were transported to the lorry,
allowed to voluntarily leave the transport box and loaded. Pigs were mixed within a
treatment. The E pigs were penned separately from the B pigs on the same deck of
the lorry (0.46 m2/pig); the lorry had one deck and only the experimental pigs were
on the lorry. Each pen on the lorry thus contained 12 pigs. For the second replicate,
the sequence of E and B pigs in the lorry was alternated. Transport to the
slaughterhouse took 1 h. After arrival at the slaughterhouse, the E and B treatment
were separately unloaded and penned separately in lairage. At 13.00 h, after a fixed
lairage period of 105 min, pigs were driven one by one to the stunning pen and the
pigs were manually stunned. E and B pigs were stunned alternately.

Saliva Collection and Cortisol Analysis
Saliva was collected from all pigs in the home pen after the provision of

fresh straw for E pigs, at 08.30 h (t=0), immediately after being driven into the
lorry and mixing (t=60 min, 09.30 h), after transport (t=160 min, 11.00 h), after
being driven in lairage (t=180 min, 11.15 h), and at the end of the lairage period
(t=270 min, 13.00 h). All saliva samples were taken during the circadian peak of
the cortisol rhythm, i.e. between 8.30 - 13.00 h (De Jong et al., 2000). Saliva was
collected by allowing the pigs to chew on two large cotton buds until they were
thoroughly moistened (about 30-60 sec per sample). The buds were placed in tubes
and centrifuged 10 min at 400 g. Saliva samples were stored at -20°C until
analysis. Cortisol concentration in saliva samples was determined using a solid-
phase radioimmunoassay kit (Coat-a-Count Cortisol TKCO, Diagnostic Products
Corporation, Apeldoorn, The Netherlands) modified for pig salivary cortisol (Ruis
et al., 1997). Cortisol in saliva is essentially in the free biologically active form,
and a good indication of levels of cortisol in blood plasma (Parrott et al., 1989).
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Behaviour
Behavioural parameters sampled at the experimental farm were (1) latency

to leave the pen and (2) latency to leave the transport box to enter the lorry.
Inside the lorry, two cameras were mounted at the ceiling, each camera

encompassing one pen. Continuous recordings were made during transport. In
lairage, behaviour was continuously recorded with a camcorder until the first pig
was stunned. Duration of behavioural elements were scored for each pig using the
Observer software (Noldus, Wageningen, The Netherlands) for the following
periods: (1) 10 min before the start of transport in the lorry, after mixing of the
pigs, (2) first, (3) second, (4) third, (5) fourth 15 min of transport, (6) 10 min after
transport in the lorry,  (9) first, (10) second, (11) third, (12) fourth 15 min of the
lairage period. Duration of the following behavioural elements was scored: (1)
standing; (2) sitting; (3) lying; (4) walking; (5) exploration, i.e. sniffing, nosing or
chewing the floor or walls of the pen; (6) manipulation of pigs, i.e. massaging,
nosing and chewing of other pigs, (7) fighting, i.e. attacking with reaction of the
opponent or opponents and biting involved; (8) other.

Statistical Analysis
Data were checked for normal distribution and homogeneity of variances.

Differences in cortisol concentration and behaviour were analysed with a mixed
analysis of variance model with treatment, replicate and sex as fixed effects in the
model and litter (rearing group) entered as random effect. Behavioural data from
the 3rd and 4th 15-min period of transport of the E pigs in the first replicate were
omitted due to a failure in the recording equipment. Group means of latency to
leave the pen and latency to leave the transport box were analysed with a mixed
analysis of variance model with replicate as fixed effect and litter (rearing group)
as random effect. Components were estimated with the Restricted Maximum
Likelihood Model (REML) procedure (Genstat, 1993). Increase in salivary cortisol
concentrations as compared to home-pen values were compared with a paired t-test
for E and B pigs respectively.
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RESULTS

Salivary Cortisol
E pigs had significantly higher salivary cortisol concentrations than B pigs in

the home pen (8.2 ± 3.8 ng/ml vs. 3.0 ± 0.7 ng/ml for E vs. B pigs; p<0.01), after
driving into the lorry and mixing (8.61 ± 1.88 ng/ml vs. 3.29 ± 0.73 ng/ml for E vs.
B pigs; p<0.05), after transport (10.56 ± 0.95 ng/ml vs. 7.06 ± 0.38 ng/ml for E vs.
B pigs; p<0.05) and at the beginning of the lairage period (9.59 ± 1.12 ng/ml vs.
4.30 ± 6.28 ng/ml for E vs. B pigs; p<0.01). E and B pigs did not differ
significantly in salivary cortisol concentrations at the end of the lairage period
(9.37 ± 1.74 ng/ml vs. 9.43 ± 1.92 ng/ml for E vs. B pigs).

Figure 1 shows the change in salivary cortisol concentration after
preslaughter handling and transport as compared to the home pen concentrations.
For E pigs, salivary cortisol concentrations after driving, after transport, at the
beginning and at the end of the lairage period did not differ significantly from
salivary concentrations measured in the home pen. For B pigs, salivary cortisol
concentrations were significantly increased after transport (p<0.01) and at the end
of the lairage period (p<0.05) as compared to the salivary cortisol concentrations
measured in the home pen.
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Figure 1. Changes in salivary cortisol concentration (mean ± s.e.m.) as compared to the
initial home pen concentration after driving, mixing, transport and being in lairage for pigs
reared in an enriched or in a barren environment. *p<0.05; **p<0.01 as compared to home
pen concentrations for barren housed pigs.

-3

-2

-1

0

1

2

3

4

5

6

7
*

**

end lairage periodin lai rageafter transportafter driving

C
ha

ng
e 

in
 S

al
iv

ar
y 

C
or

tis
ol

  

C
on

ce
nt

ra
tio

n 
(n

g/
m

l)

 enriched

 barren



Chapter 4

79

Behaviour
E and B pigs did not differ significantly in latency to leave the home pen

(24.6 ± 4.8 sec vs. 17.8 ± 2.4 sec for E vs. B pigs) and latency to leave the transport
box to enter the lorry (17.9 ± 2.0 sec vs. 15.7 ± 2.5 sec for E vs. B pigs).

In the lorry, B pigs tended to spend more time walking, standing and
manipulating other pigs than E pigs (Fig. 2). Differences between E and B pigs
were found for the following time points: walking: before transport p<0.05, 4th 15
min of transport p<0.01; standing: 1st, 4th 15 min of transport and after transport
p<0.10 (tendency); manipulating other pigs: before transport, 2nd 15 min and 4th
15 min of transport p<0.10 (tendency), after transport p<0.05. E pigs tended to
spend more time lying than B pigs during transport (Fig. 2). This difference was
significant at the 3rd 15 min of transport (p<0.05) and the 4th 15 min of transport
(p<0.01). Almost no fighting was observed during transport (Fig. 2). E and B pigs
did not differ in time spent sitting, exploring the pen and other behaviours (data not
shown).

In lairage, B pigs tended to spend more time walking than E pigs (Fig. 3).
Differences between E and B pigs were found for the 1st 15 min in lairage (p<0.10,
tendency) and the 3rd 15 min in lairage, (p<0.05). Pigs of the first replicate walked
significantly more in lairage than pigs of the second replicate (p<0.01 for all time
points; data not shown). B pigs also tended to spend more time fighting than E pigs
(Fig. 3). This difference was significant at the 3rd 15 min in lairage (p<0.05).
Figure 3 shows that the time spent lying increased with time spent in lairage.
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Figure 2. Behaviour in the lorry (mean ± s.e.m.) after mixing of pigs reared in an enriched
or in a barren environment. #p<0.10 (tendency); *p<0.05; **p<0.01.
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Figure 3. Behaviour in lairage (mean ± s.e.m.) of pigs reared in an enriched or in a barren
environment. #p<0.10 (tendency); *p<0.05.

0

10

20

30

40

50

60

70

Tim e Ra nge

 enric hed

 barre n

%
 T

im
e

0

2

4

6

8

10

12

14

16

18

20

%
 T

im
e

#

four th

1 5 min

th ird

1 5 min

se co nd

1 5 min

firs t

1 5 min

A. Walking

C. Lying

four th

1 5 min

th ird

1 5 min

se co nd

1 5 min

firs t

1 5 min

*

 enric he d

 barren

-1

0

1

2

3

4

5

6

7

8

9

10

*

B.  Fighting
 enric he d

 barren

Tim e Range



82

DISCUSSION

This experiment showed that rearing conditions affect physiological and
behavioural responses of pigs to preslaughter handling and mixing at transport. In
B pigs, salivary cortisol concentrations increased significantly after transport and at
the end of the lairage period as compared to salivary cortisol concentrations in the
home pen. In E pigs, salivary cortisol concentrations after preslaughter handling
and transport did not differ significantly from salivary cortisol concentrations in the
home pen. In the lorry, pigs reared in a barren environment tended to be more
active and to spend more time massaging, nosing or chewing other pigs than
enriched reared pigs. In lairage, barren housed pigs tended to spend more time
walking and fighting than enriched reared pigs.

Previous experiments showed that B pigs had lower baseline salivary
cortisol concentrations during the light period as compared to E pigs, due to a
blunted circadian rhythm in salivary cortisol in B pigs (De Jong et al., 1998; De
Jong et al., 2000). The present data are consistent with the previous experiments, as
B pigs had lower salivary cortisol concentrations in the home pen than E pigs.
However, these levels were about twice as high for both E and B pigs as compared
to baseline levels measured at 22 weeks of age in the same pigs (De Jong et al.,
2000). This may be due to food deprivation stress, because food was withdrawn 20
h before transport to prevent travel sickness. It has been shown that after food
deprivation salivary cortisol concentrations in pigs are increased (Parrott et al.,
1989). However, it may also be possible that increased activity due to the provision
of straw just before saliva sampling, or a dietary effect caused the high baseline
salivary cortisol concentrations in E pigs. E pigs had the possibility to eat straw
after food deprivation, in contrast to B pigs. It is unknown to what extent dietary
fibre may affect salivary cortisol concentrations.

Salivary cortisol concentrations in B pigs increased significantly after
transport and in lairage, in contrast to salivary cortisol concentrations in E pigs that
did not increase significantly as compared to home pen salivary cortisol
concentrations. This indicates that the Hypothalamo-Pituitary-Adrenal system may
be more reactive in B pigs than in E pigs. Our results confirm a previous
experiment, showing a higher increase in salivary cortisol in response to transport
in barren housed pigs as compared to enriched housed pigs (Geverink et al., 1999).
Geverink et al. (1999) suggested that it may have been possible that in enriched
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housed pigs the maximum stimulation of the adrenal cortex was reached at the end
of the transport period, which may explain the higher increase in salivary cortisol
levels in barren housed pigs as compared to enriched housed pigs. However, Cook
et al. (1996) showed that pigs housed in pens with strawbedding may reach salivary
cortisol levels of 25 ng/ml after ACTH stimulation, which suggests that maximal
stimulation of the adrenal cortex was not reached in E pigs. In addition, differences
in concentration of Cortisol Binding Globulin between E and B pigs may
contribute to the differences in salivary cortisol responses between E and B pigs. It
has been shown that the concentration of Cortisol Binding Globulin in pigs is
dependent on a number of variables, e.g. prior exposure to stressors (Cook et al.,
1996).

Manipulative behaviour may be stressful for the pigs being manipulated. The
significant increase in salivary cortisol levels after transport in B pigs may
therefore be due to increased activity and manipulation of pen mates at some time
points in the lorry in B pigs as compared to E pigs, that did not show increased
cortisol levels after transport. The significant increase in salivary cortisol levels
during the lairage period in B pigs may be due to the higher occurrence of fighting
at the end of the lairage period in B pigs as compared to E pigs, that also did not
show an increase in salivary cortisol levels during the lairage period. Geverink et
al. (1996) showed that the rise in cortisol after mixing of pigs is positively
correlated to the amount of aggressive behaviour during mixing.

E and B pigs did not differ in latency to leave the home pen and latency to
leave the transport box, in contrast to previous experiments showing that B pigs
were easier to drive and load than E pigs (Beattie et al., 1995b; Geverink et al.,
1999). In contrast, Warriss et al. (1983) reported that extensively housed pigs were
more willing to move than intensively housed pigs. The differences between these
studies may have been caused by different treatments during the rearing period.
The ease of loading may be strongly dependent on treatment of the pigs during
rearing, like handling (Grandin, 1997; Hemsworth and Barnett, 1991, 1992) or
allowing pigs to leave the pen and explore the passageway during rearing
(Geverink et al., 1998). Both E and B pigs in the present experiment were handled
and subjected to a maze test with positive reinforcement during rearing (De Jong et
al., 2000). This may have caused both E and B pigs to be more willing to leave the
pen.
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When enriched and barren housed pigs were transported without mixing, no
differences in behaviour during transport and in lairage were found between barren
and enriched housed pigs (Geverink et al., 1999). However, we showed that after
mixing of pigs before transport, which is a common pre-slaughter procedure
(Bradshaw et al., 1996), enriched and barren housed pigs differed in behaviour in
the lorry and in lairage.

In the lorry, B pigs tended to spend more time on manipulating other pigs,
i.e. massaging, nosing and chewing, which may have been stressful for the pigs
being manipulated. An increased occurrence of manipulative behaviour in the
home pen in barren housed pigs as compared to enriched housed pigs has been
found before (Beattie et al., 1995a; De Jong et al., 1998; Fraser et al., 1991;
Schouten, 1986). It has been suggested that because of the lack of suitable material
for exploration, B pigs redirect their explorative behaviour to the pen mates
(Beattie et al., 1995a; Fraser et al., 1991; Schouten, 1986). However, the
manipulation of pen mates in the lorry may also be an element of agonistic
behaviour. This is supported by the observation that B pigs tended to spent more
time fighting than E pigs before transport and in lairage. In addition, it has been
shown that pigs reared in a barren environment behave more aggressively than
enriched reared pigs (De Jonge et al., 1996; O'Connell and Beattie, 1999). Possibly
B pigs were not able to perform the whole repertoire of agonistic behaviour due to
the motion of the lorry, but could only perform some agonistic behavioural
elements like nosing and massaging of other pigs. It has been shown that nosing is
a social interaction that preceeds or occurs during agonistic interactions in pigs
(Jensen, 1994).

B pigs also were more active in the lorry and in lairage than E pigs. B pigs
tended to spend more time walking and standing, and less time lying in the lorry,
and they tended to spend more time walking in lairage than E pigs. This may have
been caused by more restlessness in the B group due to increased manipulation of
other pigs or fighting, occurring at some time points. However, previous research
showed that barren housed pigs had a higher behavioural reactivity to novelty than
enriched housed pigs, probably caused by less stimulating housing conditions
(Beattie et al., 1995b; Stolba and Wood-Gush, 1980), which may also have played
a role. More locomotory behaviour (Beattie et al., 1995b) or more exploration (De
Jong et al., 1998; Stolba and Wood-Gush, 1980) in response to a novel
environment has been observed in barren housed pigs as compared to enriched
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housed pigs. However, we did not observe more explorative behaviour in B pigs
than in E pigs in the present experiment.

Previous research showed that enriched housed pigs behave less aggressively
than barren housed pigs, because environmental enrichment facilitates the
development of social skills (De Jonge et al, 1996; O'Connell and Beattie, 1999;
Schouten, 1986). We indeed showed that E and B pigs seem to differ in aggressive
behaviour after mixing. B pigs tended to spend more time fighting in lairage than E
pigs, especially at the end of the lairage period. Although B pigs spent only 4-6%
of the time fighting in lairage, fighting bouts were severe with biting involved.

Replicate effects were found for the time spent walking in lairage.
Differences in environmental factors between the two days of slaughter, like a
slight difference in environmental temperature, may have contributed to the
replicate effects.

In conclusion, results of the present experiment demonstrate that rearing
conditions may affect physiological and behavioural responses to mixing at
transport and being in lairage. Differences in salivary cortisol responses and
behavioural responses indicate that pigs reared in a barren environment may
experience more stress during preslaughter procedures than enriched reared pigs.
However, more research on the effect of dietary fibre on baseline cortisol levels,
and on concentrations of Cortisol Binding Globulin in barren and enriched housed
pigs is necessary.

Preslaughter procedures like mixing, driving and transport are obviously
stressful procedures that have negative effects on pig welfare (Bradshaw et al.,
1996; Grandin, 1997; Warriss et al., 1998). The results of the present study indicate
that common preslaughter procedures may have more negative consequences for
the welfare of pigs reared in a barren environment than for the welfare of pigs
reared in an enriched environment. Because previous research showed that
enriched housing conditions are benificial for pig welfare during rearing (e.g.
Beattie et al. 1995a, 1996; De Jonge et al., 1996), enriched housing conditions
should be preferred for growing pigs.
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ABSTRACT

The effects of social stress on heart rate, heart rate variability and the

occurrence of cardiac arrhythmias were studied in 12 growing pigs. Social stress was

induced during a food competition test with a pen mate, and subsequently during a

resident-intruder test with an unacquainted pig in which the experimental pig was the

intruder. The outcome of a test was determined using observations of agonistic

behaviour. Five pigs won the food competition test. All pigs were defeated in the

resident-intruder test with an unacquainted pig. For all pigs, heart rate was

significantly higher and thus the RR interval significantly lower during the food

competition test and resident-intruder test than during baseline recordings. However,

pigs that were first defeated in the food competition test had a higher heart rate during

the first 7 min of the resident-intruder test than winners of the food competition test.

Parameters of heart rate variability did not significantly change during the food

competition test and the resident-intruder test as compared to baseline recordings.

Thus, the parasympathetic and the sympathetic nervous system remained in balance

during the social stress situations. This may explain why the occurrence of cardiac

arrhythmias did not increase during the food competition test and the resident-intruder

test as compared to baseline. We showed that social status, based on agonistic

encounters during the food competition test, may influence the heart rate responses of

pigs during the resident-intruder test. When heart rate is used as an index of stress,

results indicate that subordinate pigs may experience more stress during an agonistic

encounter with an unacquainted pig than dominant pigs.
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INTRODUCTION

There is a lot of evidence that social stress, a common phenomenon in pig

husbandry, is detrimental to production, health and welfare (Ekkel et al., 1995). For

example, a decreased growth and an increased occurrence of health problems and

injuries have been reported after mixing of unacquainted pigs (Ekkel et al., 1995;

Friend et al., 1983; Graves et al., 1978). Aggression, and thus social stress, notably

occurs when unacquainted pigs are mixed or around the time of feeding when group-

housed pigs are restricted fed (Ekkel et al., 1995; Graves et al., 1978).

Agonistic encounters cause a significantly increased heart rate in pigs

(Marchant et al., 1995; Otten et al., 1997). It has been shown that pigs that are

defeated in an agonistic encounter have a higher baseline heart rate and a higher heart

rate during the encounter than pigs that won (De Vries et al., 1998). In rats, it has

been shown that during a social defeat, the heart rate increases due to shift in the

autonomic balance towards a higher sympathetic activity, and that ventricular

arrhythmias occur frequently (Sgoifo et al., 1994, 1997). In pigs, it was shown that

when using electrophysiological stimulation of ventricular tachycardias, social stress

facilitates arrhythmogenesis (Kirby et al., 1991). However, it is unknown whether

acute social stress induces ventricular arrhythmias during normal husbandry practice.

Ventricular arrhythmias are risk markers for sudden cardiac death, and an increased

occurrence of arrhythmias is related to high sympathetic activity (Kirby et al., 1991;

Sgoifo et al., 1997; Verrier and Lown, 1987). Therefore, heart rate, indices of the

autonomic balance and the incidence of cardiac arrhythmias may be sensitive

indicators of the level of stress and thus measures of pig welfare.

Indirect information on the autonomic neural control of the heart can be gained

by analysis of the heart rate variability. The analysis of beat-to-beat variability using

time-domain parameters has been used in rats (Sgoifo et al., 1997), dogs (Hull et al.,

1990), chickens (Korte et al., 1999), humans (Stein et al., 1994) and pigs (Hansen and

Borell, 1998) to study the balance between the sympathetic and the parasympathetic

branches of the autonomic nervous system.

The present experiment was designed to study the effects of two situations of

social stress on heart rate, heart rate variability and the occurrence of cardiac

arrhythmias in growing pigs. First, pigs were confronted with a pen mate in a food

competition test. Subsequently, pigs were confronted with an unacquainted pig in a
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confrontation test using the resident-intruder paradigm with the experimental pig as

the intruder. We determined the relationships between the outcome of the agonistic

interactions in the food competition test, which gives an indication of the social status

of the pig (Hessing et al., 1994b), and the heart rate and heart rate variability

responses in the food competition test and the resident-intruder test. Heart rate was

measured by radiotelemetry using implantable transmitters, allowing stress free

sampling (De Jong et al., 1998).

MATERIALS AND METHODS

All procedures in this study were approved by the ID-Lelystad Animal Care

and Use Committee (Lelystad, The Netherlands).

Animals and Housing
Twelve crossbred barrows (Great Yorkshire x (Great Yorkshire x Dutch

Landrace)) were used in this experiment. Experimental barrows were randomly

selected from different groups of pigs together with a companion barrow from the

same group at 9 weeks of age (mean weight of all pigs 26.1±1.0 kg).  Selected

barrows were housed in pairs with their companion barrow in pens (7.2 m2) with a

concrete floor covered with straw (1.75x2.4 m) and concrete slats (1.25x2.4 m). All

pens were in one room. Food and water were available ad libitum. Environmental

temperature was kept at 20-21°C; lights were on from 6.00 - 18.00 h. Individual pigs

could be recognised by a plastic ear tag and a number painted on their back.

In the resident-intruder test (see below), 6 additional crossbred barrows

(residents) were used. Residents weighed about 10 kg more than the experimental

barrows. Resident barrows were selected from different groups one week before the

resident-intruder test was carried out and housed individually in pens of equal size in

the same room as the experimental barrows.

Surgery
Biotelemetric transmitters (type TA10CTA-D70, Data Sciences, St. Paul, MN,

USA) were implanted under complete anaesthesia in the experimental pigs at 9 weeks

of age, as described elsewhere (De Jong et al., 1998). Briefly, pigs were food deprived
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for 12 h; they were sedated with azaperone i.m. (1 cc/2kg, Stresnil? , Janssen

Pharmaceutica, Tilburg, The Netherlands) and subsequently anaesthetised with

metomidate hydrochloride i.v. (2.5 cc/5 kg, Hypnodil? , Janssen Pharmaceutica). The

transmitter body was implanted in the peritoneal cavity; electrode leads were positio-

ned caudal and cranial to the thorax as described elsewhere (De Jong et al., 1998).

After complete recovery from anaesthesia, pigs were put back in their home pen. The

experiment started 14 days after surgery.

Telemetry System and Data Acquisition
Heart rate was measured by means of radiotelemetry. Receivers (type

RLA2000, Data Sciences) were connected to a multiplexer (RMX10, Data Sciences)

adapted for simultaneous data acquisition with LabPro analysis software (Version

3.1; Data  Sciences) and CARDIA software (Electronic Department, Biological

Centre, University of Groningen, The Netherlands). The signal was simultaneously

routed from the multiplexer via a matrix (BCM100, Data Sciences) to a personal

computer containing the LabPro analysis software and to a personal computer

containing the CARDIA software package for real-time acquisition of heart rate and

behaviour, and R-R interval analysis (Korte et al., 1999; Sgoifo et al., 1997). The R-R

interval (msec) is the time between two successive R-peaks of the ECG. R-R pulse

intervals are expressed as heart rate (beats per minute (bpm)), displayed on-line and

stored for subsequent analysis. Real-time behaviour was scored using the CARDIA

software (see below).

The LabPro analysis software was used for storage and visual inspection of

ECG waveforms. The number of arrhythmic events was scored during baseline and

test recordings (Carré et al., 1992; Sgoifo et al., 1997).

Heart Rate Variability Parameters
The following heart rate variability indices measured in the time domain were 

calculated using the CARDIA software: (a) mean R-R interval duration (RR, msec);

(b) standard deviation of the mean R-R interval (SDNN, msec) (Sgoifo et al., 1997;

Task Force, 1996; Verrier and Lown 1987) (c) the ratio between the standard

deviation of the mean RR and the mean RR (SD/RR, ‘coefficient of variance’) (Hull

et al., 1990; Sgoifo et al., 1997) and (d) ‘root mean square of successive R-R interval

differences’ (RMSSD, msec) (Sgoifo et al., 1997; Stein et al., 1994; Task Force,
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1996). SDNN and SD/RR estimate the overall heart rate variability and thus the

integrated contribution of the parasympathetic and the sympathetic branches of the

autonomic nervous system to the control of the heart (Sgoifo et al., 1997; Task Force,

1996). The SD/RR is determined in addition to the SDNN to normalise the data for

heart rate, because the SDNN of the RR interval is highly influenced by the prevailing

level of the heart rate (Hull et al., 1990). The RMSSD estimates the short-term

components of the heart rate variability, thus, it equates to the high frequency

component of the power spectrum density analysis. The parasympathetic branch of the

autonomic nervous system is the major input to this high frequency component.

RMSSD therefore estimates the influence of the parasympathetic nervous system on

heart rate variability (Sgoifo et al., 1997; Stein et al. 1994; Task Force, 1996). The

relationship between these heart rate variability parameters and the autonomic input to

the heart has been validated previously (Hull et al., 1990; Sgoifo et al., 1997; Stein et

al. 1994).

Behavioural Observations
The following behavioural elements were real-time scored during the food

competition test and the resident-intruder test (see below) using the CARDIA

software: (1) lying; (2) standing; (3) walking; (4) fighting, i.e. pushing, lifting, biting,

knocking or being pushed, lifted, bitten or knocked; (5) eating, i.e. time spent with the

head in the trough; (6) exploring, i.e. rooting or nosing the pen or substrate; (7) other.

Agonistic behaviour recorded on videotape during the food competition test and

the resident-intruder test (see below) was scored using the ‘Observer’ software

(Noldus, Wageningen, The Netherlands). Duration of and frequency of fights (i.e.

ramming, pushing or lifting the opponent with or without biting in rapid succession)

were scored. The criterium used to determine the end of a fight was withdrawal of one

of the pigs, accompanied by disappearance of agonistic behaviour. In addition, the

frequency of the following behavioural elements was scored: (1) headknock; (2) bite;

(3) push; (4) lift; (5) nose; (6) being headknocked; (7) being bitten; (8) being pushed;

(9) being lifted; (10) being nosed. The outcome of the agonistic interactions was

determined using a procedure calculating the social rank index (Lee and Craig, 1982;

Otten et al., 1997). The outcome of the test was determined using the outcome of the

agonistic interactions during testing; if the number of losses was larger than the

number of victories the pig was considered to be defeated in the test. In case of the
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reversed situation, the pig was considered to be the winner of the test.

Social Stress Tests
For both tests, a standard duration of 15 min was chosen. For a reliable

analysis of the occurrence of cardiac arrhythmias, a duration of at least 15 min for a

stress test is preferred (Sgoifo, personal communication).

Food Competition Test
At 11 weeks of age, pigs were subjected to a food competition test with their

pen mate as described by Hessing et al. (1994b). The food competition tests were

carried out between 10.00 and 13.00 h. Pigs were food deprived for 24 hours. After

15 min baseline ECG recording pigs were presented a small amount of food in a small

trough in their own pen. Only one animal could eat at the same time. After 7.5 min

another  small amount of food was presented; total test duration was 15 min. The

ECG was sampled and behaviour of the experimental barrows was real-time scored

using the CARDIA software. In addition, behaviour was videotaped for detailed

analysis of agonistic interactions and determination of the outcome of the test, as

described above.

Resident-Intruder Test
One week after the food competition test, experimental barrows were

confronted with an unfamiliar barrow for 15 min using the resident-intruder paradigm.

The resident-intruder tests were carried out between 10.00 - 13.00 h. For

standardisation of the resident-intruder test, experimental animals were confronted

with a barrow weighing about 10 kg more. After 15 min baseline ECG recordings, the

experimental barrow (intruder) was taken out of the pen and led to the pen of the

confrontation barrow (resident). Resident barrows were used in two confrontations

with different pigs on two consecutive days. ECG waveforms were sampled and the

confrontation was videotaped for detailed analysis of the agonistic interactions, as

described above. In addition, behavioural elements were real-time scored using the

CARDIA software.
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Data Reduction and Statistical Analysis
Mean values of heart rate and heart rate variability were determined after

manual removal of RR intervals surrounding arrhythmias and artefacts. For technical

reasons, heart rate data were obtained from 10 pigs in both tests.

All data were checked for normal distribution and homogeneity of variances.

Overall means of the heart rate parameters during the food competition test and

resident-intruder test were compared with the baseline values for both winners and

losers of the food competition test by using a paired t-test. The effect of the outcome

of the food competition test on heart rate and heart rate variability during the food

competition test and resident intruder test was determined with one-way analysis of

variance with outcome as a factor. Correlations between heart rate, heart rate

variability and behaviour were determined using the Spearman Rank Correlation test.

All calculations were performed with the statistical programming language Genstat 5

(1993).

RESULTS

Food Competition Test
Agonistic behaviour during the food competition test was generally observed

during several short periods of attacks, occurring during the whole test. Mean

frequency of agonistic interactions was 19±2 for all pigs. Mean duration of agonistic

interactions was 8.9±1.3% for all pigs, mean latency until the first agonistic

interaction was 154.7±37.0 sec for all pigs.

 Frequency of agonistic behaviour and heart rate response of one representative

pig is shown in Figure 1a. The outcome of the tests was always clear, i.e. the

difference between the number of victories and the number of losses was always large.

Five experimental pigs won more attacks than their pen mate, thus, they won the food

competition test. For all pigs, heart rate was significantly higher and thus the RR

interval significantly lower during testing than during baseline recordings (p<0.01;

Table 1). Heart rate variability parameters did not differ significantly between

baseline and test recordings. Pigs that were defeated did not differ significantly from

winners of the test in heart rate and heart rate variability during baseline and test

recordings.
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No correlations between behaviour (time spent fighting, frequency of types of

aggressive behaviour) and heart rate or heart rate variability parameters were found.

Table 1. Differences in heart rate and heart rate variability indices (mean ± sem) between the

baseline recordings and the food competition test for winners (n=5) and defeated pigs (n=7)

Heart Rate

(bpm)

RR (msec) SDNN

(msec)

SD/RR RMSSD

(msec)

Baseline winners 118.2±3.9a 512.1±16a 34.3±4.7 0.07±0.01 17.4±5.0

defeated 130.5±8.6a 477.3±31.1a 50.4±10.5 0.10±0.02 33.0±7.3

Test winners 165.8±7.4b 366.7±16.2b 29.6±4.8 0.08±0.01 16.6±3.3

defeated 176.5±8.6b 348.3±15.8b 34.8±4.0 0.10±0.02 20.5±6.0

a,b p<0.01 food competition test vs. baseline values for winners and defeated pigs
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Figure 1. Heart rate registration (upper panel) and periods of agonistic behaviour (lower

panel; black bars represent agonistic behaviour) of one typical pig during (A) the food

competition test and (B) the resident-intruder test.
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Resident-Intruder Test
All experimental pigs were defeated in the confrontation with an unacquainted,

heavier congener. Frequency of agonistic behaviour and heart rate response of one

representative pig is shown in Figure 1b. Mean frequency of agonistic interactions

was 13±3 for all pigs. Mean duration of agonistic interactions was 23.7±4.8% for all

pigs, latency until the first agonistic interaction was 112.6±27.0 sec for all pigs.

Fighting was generally observed during the first minutes of testing, whereas during the

last minutes of the test most pigs were lying down. All pigs fought during the first 5

min of testing, 7 pigs fought during the second 5 min of testing, and only 4 pigs spent

some time fighting during the third 5 min of testing. For all pigs, heart rate was

significantly higher (p<0.001) and thus the RR interval significantly lower (p<0.001)

during the resident-intruder test than during baseline recording (Table 2). Heart rate

variability parameters did not differ significantly between the test average and

baseline recordings for all pigs (Table 2).

Individual pigs tended to differ in their heart rate response to the resident-

intruder test. When pigs were divided in two groups according to the outcome of the

food competition test, we found that pigs that were defeated in the food competition

test and subsequently were defeated in the resident-intruder test (DD pigs) tended to

have a higher heart rate (p=0.06) and thus a lower RR interval (p=0.06) during the

resident-intruder test than pigs that won the food competition test and subsequently

were defeated in the resident-intruder test (WD pigs). This is due to several recordings

where RR interval was significantly lower (p<0.05) and thus the heart rate

significantly higher (p<0.05) in DD pigs during the first 7 minutes of testing (Figure

2). DD and WD pigs did not differ significantly in heart rate variability during the

resident-intruder test.

Heart rate during testing was positively correlated with the time spent fighting

during testing (r=0.87, p=0.001), but no correlations between heart rate variability

indices and the duration of fighting were found. No significant correlations were found

between frequency of types of aggressive behaviour and heart rate or heart rate

variability.
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Table 2. Differences in heart rate and heart rate variability indices (mean ± sem) between the

baseline recordings and the resident-intruder test for pigs that won (n=5) or were defeated

(n=7) in the food competition test

Heart Rate

(bpm)

RR (msec) SDNN

(msec)

SD/RR RMSSD

(msec)

Base-

line

winners 147.4±11.0a 413.3±37.0a 26.0±1.8 0.06±0.00 14.5±1.0

defeated 163.1±3.8a 370.6±8.3a 24.9±2.5 0.07±0.01 18.3±3.5

Test winners 204.8±7.4b, c 329.3±38.6b, c 37.5±5.9 0.12±0.02 13.9±2.6

defeated 242.4±14.6b, d 256.7±39.8b, d 24.4±2.7 0.09±0.01 11.6±2.2

a,b p<0.001 baseline vs. resident-intruder test for pigs that won and pigs that were defeated in

the food competition test
c,d p=0.06,  pigs that won (WD pigs) vs. pigs that were defeated (DD pigs) in the food

competition test
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Figure 2. Min-by-min time course of the mean RR-interval during the resident-intruder test for

pigs that first were defeated in the food competition test (DD pigs) or pigs that first won the

food competition test (WD pigs). #p<0.10; *p<0.05; ****p<0.0001.

Correlations between Variables measured during the Food Competition and
Resident-Intruder Test

Heart rate during the food competition test was positively correlated with the

heart rate during the resident-intruder test (r=0.67; p<0.05). No other correlation

coefficients between variables from the food competition test and resident-intruder

test were significant.

Occurrence of Cardiac Arrhythmias
The occurrence of cardiac arrhythmias did not increase during the food

competition test and the resident-intruder test. Hardly any arrhythmias were observed

during the baseline and test recordings. During baseline recordings, 3 pigs had a single

ventricular premature beat, and 1 pig had 2 ventricular couplets. Two pigs had a
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single ventricular premature beat during the resident-intruder test. Figure 3 shows an

example of a normal sinus rhythm, a ventricular premature beat and a ventricular

couplet.

Figure 3. Examples from ECG tracings. A: sinus rhythm (during baseline recording) ; B:

ventricular premature beat (during resident-intruder test); C: ventricular couplet (during

baseline recording).
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DISCUSSION

In the present experiment we investigated the effect of social stress in a food

competition test with a pen mate and a resident-intruder test with an unacquainted pig,

on heart rate, heart rate variability and occurrence of cardiac arrhythmias in growing

pigs. In addition, we studied whether defeated pigs or winners in the food competition

test differed in their heart rate responses to the food competition test and resident-

intruder test.

The present experiment showed that pigs that were defeated in the food

competition test and subsequently were defeated in the resident-intruder test (DD

pigs) had a significantly higher heart rate during the first minutes of the resident-

intruder test than pigs that won the food competition test and subsequently were

defeated in the resident-intruder test (WD pigs). Agonistic encounters during the

resident-intruder test generally occurred during the first minutes, whereas during the

second half of the test pigs spent most of the time lying. Thus, DD pigs had a higher

heart rate than WD pigs especially during the agonistic encounters, whereas heart

rates did not differ during the period of recovery from fighting.

In group-housed pigs, agonistic encounters play a role in determining and

establishing the social hierarchy. Although we should be careful to determine the

social status of a pig based on a single food competition test, Hessing et al. (1994b)

showed that social status and outcome of a food competition test are well correlated.

Thus, the pigs that were defeated in the food competition test were likely to be

subordinate to their congener. Therefore, we suggest that the social status influences

heart rate responses of the pigs to the resident-intruder test, rather than the experience

of being defeated in the food competition test. When heart rate is used as an index of

stress (Baldock and Sibly, 1990), the results of the present experiment indicate that

subordinate pigs may experience more stress during the resident-intruder test than

dominant pigs.

Our results support the suggestion of  De Vries et al. (1998) that dominant and

subordinate pigs may differ in their heart rate response to agonistic encounters. De

Vries et al. (1998) showed that pigs that are defeated in an agonistic encounter with an

acquainted pig had a higher baseline heart rate and a higher heart rate during the

agonistic encounter than pigs that won the encounter. We indeed found differences in

heart rate responses to the resident-intruder test between winners and losers of the
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food competition test. However, the defeat in the food competition test in the present

experiment did not seem to be specifically stressful as heart rate in defeated pigs was

not significantly higher than heart rate in winners of the food competition test. But,

the presentation of food after food deprivation may result in a large increase in heart

rate in the food competition test (Houpt et al., 1983; Marchant et al., 1997), which

may mask the effects of relative succes of agonistic interactions on heart rate in the

test.

We showed that the heart rate variability parameters did not change

significantly during the food competition test and the resident-intruder test as

compared to baseline values, suggesting that the balance between the parasympathetic

and sympathetic activation of the heart did not change during the food competition

test and the resident-intruder test. In addition, we did not find significant differences in

heart rate variability parameters between winners and defeated pigs in the food

competition test, and between WD and DD pigs in the resident-intruder test. This

indicates that WD and DD pigs did not differ in the activation of the autonomic

nervous system during the social stress situations. Future research should include

determination of plasma catecholamine concentrations, to draw stronger conclusions

about the activation of the sympathetic nervous system in defeated pigs as compared

to winners (Sgoifo et al., 1997). 

The results of the present experiment differ from those observed in rats. When

rats were defeated in a social confrontation, heart rate variability indices showed that

the balance between the parasympathetic and sympathetic nervous system shifted to a

sympathetic dominance (Sgoifo et al., 1994, 1997). The different results between the

studies in rats and pigs may have been caused by a difference in age of the animals

studied. In rat studies, adult animals were used (Sgoifo et al., 1994, 1997), but we

used prepubertal pigs. It has been shown in rats (Buwalda et al., 1991, 1992; Nyakas

et al., 1990, 1992) and humans (Jensen-Urstad et al., 1997; Korkushko et al. 1991)

that the parasympathetic reactivity decreases with age. Thus, in the pigs used in the

present experiment there could have been a high parasympathetic antagonism because

the pigs were very young. Possibly in adult pigs the balance between the

parasympathetic and the sympathetic activation of the heart shifts to a sympathetic

dominance during social stress, which should be studied in future research.

During a social defeat in adult rats, an increased occurrence of ventricular

arrhythmias was observed which was related to a high sympathetic activation of the
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heart (Sgoifo et al., 1994, 1997). In the present experiment, ventricular arrhythmias

did not occur frequently during baseline conditions and did not occur more frequently

during the social stress situations. This may not be surprising, because in the present

experiment with prepubertal pigs no marked shift of the autonomic balance to a

sympathetic dominance was observed during the food competition test and the

resident-intruder test either. In fact, heart rate variability data showed that the

sympathetic activation was well balanced by the parasympathetic activity. This is in

agreement with the view that the parasympathetic input to the heart has a protective

role against the occurrence of arrhythmias (Verrier and Lown, 1987).

Individual behavioural responses to the tests may largely differ between pigs

(Hessing et al., 1994a, 1994b). However, no significant correlations between heart

rate, heart rate variability and behavioural responses were found for both tests. Thus,

in this experiment no relations between individual behavioural and physiological

responses were found. However, a positive correlation was found between heart rate

during the food competition test and heart rate during the resident-intruder test. This

suggests that the heart rate response to social stress may be consistent.

In conclusion, heart rate variability data in this experiment showed that the

sympathetic and the parasympathetic nervous system remained in balance during

social stress in growing pigs. Pigs that were defeated in the food competition test had

a higher heart rate during the first minutes of the resident-intruder test with an

unacquainted pig than winners of the food competition test. The results thus support

the view that the effects of social stress may differ between dominant and subordinate

pigs (De Vries et al., 1998). When heart rate is used as an index of stress, the results

suggest that social stress may have more negative consequences for subordinate pigs

than for dominant pigs.
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ABSTRACT

The purpose of this experiment was to determine whether body temperature is a

sensitive parameter to measure long-term effects of stress in pigs. Mixing of

unacquainted pigs is a severe stressor that has detrimental effects on health, production

and welfare. We measured deep body temperature after mixing of growing pigs. Five pigs

of 15 weeks of age, each individually housed with a companion pig, were mixed with 2

unacquainted congeners. Deep body temperature, heart rate and activity were recorded

by radiotelemetry 9 days prior to until 8 days after mixing. These parameters were also

recorded in five control pigs (individually housed with a companion pig) during the same

time span. Behaviour during the light period was recorded on videotape on the day of

mixing and on three subsequent days. Mixing induced a significant rise in body

temperature that lasted for 8 hours after mixing. Although heart rate and general activity

level did not significantly differ between mixed and control pigs, mixing significantly

increased the frequency of fighting and reduced the frequency of eating. In conclusion,

the present experiment shows that mixing induces a long-lasting hyperthermia in pigs.

Thus, deep body temperature may be used as a sensitive parameter to measure long-term

effects of stress in pigs.
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INTRODUCTION

Measurements of body temperature are frequently used to determine psychological

stress. The acute rise in body temperature in response to a stressor (stress-induced

hyperthermia), lasting for 1-2 hours, is a well-described phenomenon in various species

(e.g. in rodents: Kluger et al., 1987; Zethof et al., 1994; in humans: Briese, 1995; in pigs:

De Jong et al., 1998; Parrott and Lloyd, 1995). However, stress may not only have an

acute effect on body temperature, as more long-lasting effects of stress on body

temperature have been reported (Meerlo et al., 1996; Tornatzky and Miczek, 1993).

When rats are defeated in a social confrontation, a sharp reduction in the amplitude of the

body temperature rhythm lasting for 4 days was observed, which was due to an increased

body temperature during the light period (Meerlo et al., 1996). When rats were subjected

to social defeat on 5 consecutive days, the circadian rhythm in body temperature was

changed during and 5 days after the stress period (Tornatzky and Miczek, 1993).

Mixing of unacquainted pigs is a common phenomenon in pig husbandry that

causes social stress. Severe fighting may occur, and previous studies showed that mixing

of unacquainted pigs has detrimental effects on health, production and welfare (Ekkel et

al., 1995, 1996; McGlone and Curtis, 1995; Rushen, 1987). In the short-term, mixing

of unacquainted pigs may lead to a high frequency of agonistic behaviour, increased

occurrence of injuries (Ekkel et al., 1995; McGlone and Curtis, 1995) and a decreased

cellular immune reactivity (Ekkel et al., 1995). In the long-term, mixing of unacquainted

pigs may lead to a decreased growth rate and an increased occurrence of health problems

(Ekkel et al., 1995, 1996).

The present experiment investigated whether body temperature is a sensitive

parameter to measure long-term effects of stress in growing pigs. Since body temperature

is often used as an indicator of psychological stress (e.g. Briese, 1995; Kluger et al.,

1987; Parrott and Lloyd, 1995; Zethof et al., 1994), it is likely that a severe stressor such

as mixing unacquainted pigs would have a large effect on deep body temperature. In

addition, general activity and heart rate were measured in response to mixing. Changes

in body temperature, heart rate and activity were recorded by radiotelemetry. This allowed

continuous monitoring of the parameters without disturbing the animals (De Jong et al.,

1998).
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MATERIALS AND METHODS

Animals and Housing
Ten crossbred castrated boars (Great Yorkshire x (Great Yorkshire x Dutch

Landrace)) were used in the experiment. Experimental animals were randomly selected

at weaning (28 days of age) together with a companion pig from the same litter and each

housed individually with their companion pig in pens (1.6x2.9 m) with half concrete slats

and half concrete area covered with straw. All pens were in the same room and the

environmental temperature was kept at 21ºC. Artificial lights were on from 06.00 to

18.00 h, no daylight was visible. Food and water were available ad libitum. Each day, the

pens were cleaned and fresh straw was supplied between 06.00 and 07.30 h, and the pigs

were checked by the caretaker between 14.00 and 15.00 h. At 9 weeks of age,

experimental pigs were implanted with a transmitter measuring body temperature, heart

rate and activity (see below).

Surgery
Biotelemetric transmitters (type TA10CTA-D70, DataSciences, St. Paul, MN,

USA) were implanted intraperitoneally in the experimental barrows at 9 weeks of age as

previously described (De Jong et al., 1998). Surgery was carried out under aseptic

conditions. In short, pigs were sedated with azaperone intramuscularely (Stresnil?  1

cc/kg, Janssen Pharmaceutica, Tilburg, The Netherlands) and subsequently anesthetized

with metomidate hydrochloride intravenously (Hypnodil?  2.5 cc/5kg, Janssen

Pharmaceutica). The transmitter body was implanted in the peritoneal cavity. Electrode

leads were positioned caudal and cranial to the thorax as described by De Jong et al.

(1998). Pigs were treated with antibiotics (Ampicillin® 20%, AUV, Cuijck, The

Netherlands). The experiment was started following a 5 week recovery period.

Telemetry System
Heart rate, body temperature and activity were measured by means of

radiotelemetry. Frequency modulated heart rate and deep body temperature signals were

received by four antennas hanging over the pen, that were connected to a multiplexer

(RMX10, DataSciences) combining the signals of different antennas to one output.

Signals of different pigs were routed via a matrix (BCM100, DataSciences) to a personal

computer containing the LabPro Analysis software (version 3.1, DataSciences) for
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analysis of the data. General activity was telemetrically monitored by measuring the

movement of the pig with respect to the receivers.

Mixing Procedure
At 15-16 weeks of age, half of the pigs (n=5, experimental group) were mixed with

two unfamiliair castrated boars of the same age in their home pen. Two hours before

mixing, all pigs were given a number painted on their back; at 11.40 h, two pigs were

taken out of their pen, transported to the building housing the experimental animals

(duration ± 5 min) and gently driven into their pen. Behaviour, body temperature, heart

rate and activity were measured as described below.

Body Temperature, Heart Rate and Activity Measurements
Body temperature, heart rate and activity were measured for 9 days at 14 weeks

of age. Pigs were mixed at day 10, and parameters were sampled until 8 days after

mixing. Twenty sec samples of body temperature and heart rate were stored every 5 min.

Activity was counted continuously and stored at 5 min intervals. Control pigs were

sampled at the same time intervals as the mixed pigs.

Behavioural Observations
Behaviour of the control and mixed pigs was recorded on videotape during the

light period after mixing (11.45 – 18.00 h) and on 3 subsequent days after mixing during

the light period (06.00 – 18.00 h). The posture and behaviour of each pig was scan

sampled every 5 min according to the ethogram described in Table 1. Thus, for each

posture and each behavioural element the frequency it was observed was scored.
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Table 1. Ethogram of the behavioural measurements.

Posture/Behaviour Definition

Posture
Lying Lying on side or sternum

Standing Standing, walking, running on four legs

Sitting Standing on fore-legs, hind quarter on the floor

Behaviour
Walking Walking or running through the pen

Explore pen Rooting, sniffing, touching the pen

Explore substrate Rooting, sniffing, touching the substrate

Fighting Biting, headknocking, pushing, lifting another pig or

being bitten, headknocked, pushed or lifted by another

pig in rapid succession

Eating Time spent with the head in the feeder

Other All other behaviour

Data Reduction and Statistical Analysis 
To study the long-term effects of mixing on body temperature, heart rate and

activity, data were averaged over 2 hours using the LabPro Analysis software (Version

3.1, DataSciences). Effects of mixing on 2-h averages of body temperature, heart rate and

activity and frequency of behavioural elements were analyzed with an analysis of variance

model with treatment as fixed effect. Components were estimated with Restricted

Maximum Likelihood Model (REML) procedure (Genstat 5 Committee, 1989). Residuals

were checked for homogeneity of variance; homogeneity of variance was found for all

data. Differences were considered significant if p<0.05.
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RESULTS

Before mixing, body temperature, heart rate and general activity level did not differ

significantly between the treatments. Mixing induced a significant rise in deep body

temperature that lasted until 8 hours after the moment of mixing (Figure 1) (t=2, 4, 6

hours after mixing: p<0.01; t=8 hours after mixing: p=0.07, tendency). Although mixed

pigs also had a higher body temperature than control pigs from 10 to 18 hours after

mixing (Figure 1), differences in deep body temperature level between control and mixed

pigs were not significant. Heart rate and activity level, as measured by the transmitter, did

not significantly change in the mixed pigs as compared to the control pigs (Figure 1).

Detailed analysis of the behaviour revealed that the frequency of fighting was

significantly (p<0.001) higher in the mixed pigs than in the control pigs on the day of

mixing (Figure 2). Frequency of eating was significantly (p<0.05) lower in mixed pigs

than in the control pigs on the day of mixing (Figure 2). Mixed pigs did not differ in other

behaviours and in frequency of lying, sitting or standing from the control group on the

day of mixing (Figure 2). On day 1, 2 and 3 after mixing, mixed and control pigs did not

differ significantly in the frequency of the behavioural elements (data not shown).
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Figure 1. Effects of mixing on body temperature, heart rate and activity. Data represent the 2-hour

averages ± sem of deep body temperature (upper panel), heart rate (middle panel) and general

activity (lower panel) of mixed and control pigs. The moment of mixing is indicated by an arrow.

Black bars represent the dark period. **p<0.01 mixed pigs vs. control pigs.
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Figure 2. Frequency (mean ± sem) of positions and behavioural elements for control and mixed

pigs on day 1 during the light period after mixing. sta=standing; sit=sitting; fight=fighting;

exs=explore substrate; exp=explore pen; eat=eating; wa=walking; lie=lying; oth=other behaviour.

*p<0.05, ***p<0.001 mixed pigs vs. control pigs.
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DISCUSSION

The principal finding of this experiment was that after mixing of unacqainted pigs

the deep body temperature was significantly increased for 8 hours. Mixed pigs had a

higher frequency of fighting on the day of mixing, and a lower frequency of eating.

However, no effect of mixing on heart rate and general activity level was observed.

Mixing of unacquainted pigs is a severe stressor that has acute as well as long-

term effects on behaviour and health (Ekkel et al., 1995, 1996; McGlone and Curtis,

1995; Otten et al., 1997; Parrott and Misson, 1989). This experiment shows that a severe

stressor like mixing induces a hyperthermia lasting for several hours. Observations of

behaviour revealed that the frequency of fighting was only significantly increased on the

day of mixing. This confirmed previous experiments showing that after mixing of

unacquainted pigs fighting is most apparent during the first hour after mixing, declining

thereafter and reaching very low levels after 3 hours (Friend et al., 1983; Geverink et al.,

1998; Rushen, 1987).

Social stress in rats has a more long-term effect on body temperature than social

stress in pigs. A single social defeat of 1 h in rats has an effect on the body temperature

rhythm lasting for 4 days (Meerlo et al., 1996). Although we did not observe a clear daily

body temperature rhythm in the pigs in the present experiment, results indicate that a

single social defeat in rats has more impact on the animal than series of social conflicts

after mixing of unacquainted pigs. However, rats were housed individually in an

unfamiliar cage after the social defeat, whereas the pigs were housed in groups in their

own pen with one familiar pen mate present. Being in a group with a familiar pen mate

may have protected the pigs from negative effects of the social confrontations lasting for

days. It has been shown in rats that the long-term effects of a single social defeat on

behaviour and physiology are strongly reduced when the animals are housed in groups

after the stress-experience (Ruis et al., 1999), suggesting that social support may play an

important role for protection of social animals from the negative consequences of stress.

However, in situations of more unstable groups of pigs, in which the frequency of

agonistic behaviour is increased for days after the time of mixing, mixing may have a

more long-term effect on the body temperature. Results of this experiment indeed showed

individual variation in the duration of the hyperthermia after mixing. In some pigs the

hyperthermic response lasted only 3-4 hours, whereas in other pigs the hyperthermic

response lasted for more than 24 hours (data not shown).
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Ekkel (1996) measured peripheral temperature in transported and mixed pigs and

observed that transported and mixed pigs had an increased peripheral temperature during

10 weeks after the stress experience as compared to unmixed control pigs. However, it

is unclear to what extent peripheral body temperature reflects changes in deep body

temperature (Ekkel, 1996). Since Ekkel (1996) only measured peripheral temperature in

one mixed group it may also have been possible that body temperature was measured in

a very unstable group with frequently occurring agonistic interactions during weeks after

mixing.

Mixed pigs had a lower frequency of eating than the control pigs. A decrease of

food intake is a sign of sickness behaviour that is also observed during fever in pigs

(Johnson and Von Borell, 1994). Although we did not measure food intake, results of the

present experiment indicate that the decreased frequency of eating after mixing may be

caused by feelings of sickness.

The general activity level did not differ significantly between mixed and control

pigs. This indicates that the increased deep body temperature level in mixed pigs can not

be ascribed to an increased activity level only. Heetkamp et al. (1995) also showed that

mixing has little effect on general activity. In that experiment activity-related heat

production was only increased during the first hour after mixing. However, in the present

experiment an increased frequency of fighting was observed, which is a high energetic

activity. The increased muscular activity due to fighting, together with injuries caused by

fighting may have contributed to the hyperthermic response. Thus, results of the present

experiment and of Heetkamp et al. (1995) indicate that psychological stress as well as

physical acitivity and injury contribute to the hyperthermic response in the pigs after

mixing.

We showed that no significant effects of mixing on heart rate were found. Acute

and short-lasting changes in heart rate were observed in response to agonistic encounters

(data not shown), indicating that the heart rate responses were largely influenced by

physical activity as suggested earlier (Marchant et al., 1995). Heart rate may therefore

not be used as a sensitive parameter to measure long-term effects of stress.

In summary, the present experiment showed that mixing has a large effect on the deep

body temperature in growing pigs. Deep body temperature is therefore a sensitive

parameter to measure long-term effects of psychological stress in pigs.
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ABSTRACT

Changes in body temperature, heart rate, salivary cortisol levels and
behaviour are frequently measured as indicators of stress in growing pigs. The aim
of the present experiment was to study the effects of the nutritional level on these
parameters. Pigs were subjected to two treatments. One group of pigs (n=12) was
first fed restricted from 42 until 84 days of age (at 70% of the average daily energy
intake of a pig on that particular age), followed by ad libitum feeding. The other
group of pigs (n=6) was continuously fed ad libitum. We showed that ad libitum
fed pigs have a higher body temperature and heart rate than restricted fed pigs. No
circadian body temperature rhythm was observed in restricted nor in ad libitum fed
pigs. The circadian rhythm in heart rate disappeared when restricted fed pigs were
given the opportunity to eat ad libitum, but was again observed after five days of
ad libitum feeding. The nutritional level did not have an effect on the baseline
salivary cortisol concentrations during the light period. Ad libitum fed pigs were
less active and spent more time at the feeder than restricted fed pigs. The increased
body temperature and heart rate in ad libitum fed pigs as compared to restricted fed
pigs could be explained by an increased metabolic rate and increased heat
production in ad libitum fed pigs, due to higher food intake and more frequently
occurring feeding episodes. The effects of the nutritional level on physiology and
behaviour are discussed in relation to pig welfare and health.
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INTRODUCTION

The nutritional level may have an effect on the level of deep body
temperature and the circadian rhythm in body temperature in growing pigs. Many
years ago, few reports described the effects of food intake and fasting on the
circadian variations in deep body temperature in growing pigs (Ingram and Legge,
1970; Ingram and Mount, 1973). During fasting, body temperature decreased,
whereas during ad libitum feeding body temperature increased as compared to
restricted feeding. No circadian body temperature rhythm was observed in pigs,
and the body temperature variations were related to feeding, activity and sleep
(Ingram and Legge, 1970; Ingram and Mount, 1973). More recently, it was
suggested that a circadian rhythm in deep body temperature exists in restricted fed
pigs, independent of feeding or activity (Parrott et al., 1998). Recent studies
mentioned that piglets on a low nutritional level have a lower rectal temperature
than piglets on a high nutritional level (Swiergiel, 1998; Rantzer et al., 1996),
which seems to support previous findings that the nutritional level may affect the
level of deep body temperature in growing pigs (Ingram and Legge, 1970; Ingram
and Mount, 1973). In addition to these experiments, we (De Jong et al., 1999; De
Jong et al., unpublished data) observed that ad libitum fed prepubertal pigs did not
display a circadian rhythm in deep body temperature, and that the deep body
temperature remained at a high level during the light and dark period (± 39.8°C-
40.2°C).

Body temperature can be used as an indicator of health, but also as a
physiological indicator of stress. In many species, it has been shown that deep body
temperature increased in response to psychological stressors (stress-induced
hyperthermia) (e.g. De Jong et al., 1998, 1999; Kluger et al., 1987; Parrott and
Lloyd, 1995; Tornatzky and Miczek, 1993). Not only the body temperature level,
but also the circadian rhythm in body temperature may change in response to
stressors. It has been shown that the amplitude of the circadian rhythm in body
temperature is decreased for days when rats were subjected to a single or repeated
psychological stressor (Kant et al., 1991; Meerlo et al., 1996; Tornatzky and
Miczek, 1993). If the nutritional level has an effect on the level of deep body
temperature and the circadian rhythm in body temperature, than this should be
taken into account when measuring (long-term) body temperature responses of pigs
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to stress. Therefore, we studied if restricted and ad libitum fed pigs differed in the
level of deep body temperature and the circadian rhythm in body temperature.

As to the author's knowledge, the effect of the nutritional level on the level
of heart rate and the circadian rhythm in heart rate in pigs has not been described
yet. Heart rate is frequently measured in response to stressors (e.g. De Jong et al.,
1998), and the circadian rhythm in heart rate may also change during stress
(Tornatzky et al., 1998). Therefore, we also studied the effect of the nutritional
level on heart rate. Deep body temperature and heart rate were measured by means
of a biotransplant in freely moving pigs. To determine if changes in heart rate or
body temperature at different nutritional levels were related to changes in activity
level, the behaviour was also observed. In addition, baseline salivary cortisol
concentrations were measured during the light period.

MATERIALS AND METHODS

All experiments were approved by the ID-Lelystad Animal Care and Use
Committee (Lelystad, The Netherlands).

Animals and Housing
Eighteen crossbred gilts (Great Yorkshire x (Great Yorkshire x Dutch

Landrace)) were used in the experiment. Gilts were randomly selected at weaning
(28 days of age) and housed pairwise with a companion gilt from the same litter. At
35 days of age, gilts were transported to the experimental farm of the Institute for
Animal Science and Health, Lelystad, The Netherlands. After arrival, gilts were
housed pairwise with their companion gilts in pens (1.2 x 2.5 m) with half wooden
floor covered with straw and half plastic slats. Two feed troughs were available per
pen. Pens were cleaned daily at 08.00 h and fresh straw was provided. Pens were in
climate-controlled rooms. Mean environmental temperature was 20.2°C, and
additional heating using a heating lamp in the pens was provided until 49 days of
age. Lights were on from 06.00 – 18.00 h; no daylight was visible in the rooms.
Water was available ad libitum.

Feeding Regime
Pigs were subjected to two different feeding regimes. One group of gilts (RF

group, n=12) was subjected to a restricted feeding regime from 42 days of age
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followed by ad libitum feeding from 84 days of age. During the period of restricted
feeding, energy intake was limited to 90% of the average daily intake of a pig at
42-49 days of age, to 80% at 49-56 days of age, and to 70% at 56-84 days of age.
During the period of restricted feeding, pigs were fed twice a day at 08.00 h and
15.00 h. In each pen two feed troughs were present; in one trough food for one pig
was supplied. From 84 to 105 days of age pigs were fed ad libitum; food was
provided once a day at 08.00 h. The second treatment group (AL group; n=6) was
fed ad libitum until the end of the experiment (105 days of age). For the AL pigs,
food was provided at 08.00 h. Companion pigs received the same feeding regime
as the experimental pigs.

Surgery
Transmitters measuring body temperature and heart rate were implanted

under complete anesthesia at 61 days of age as described elsewhere (De Jong et al.,
1998). Pigs were sedated with ketamine (15 mg/kg i.m., Nimatek®, AUV, Cuijck,
The Netherlands) and subsequently anesthetised using midazolam (1.5 mg/kg i.v.,
Dormicum®, Roche, Mijdrecht, The Netherlands). Transmitters were implanted
intraperitoneally. Electrode leads were extended subcutaneously and sutured caudal
and cranial to the thorax. Pigs were treated with antibiotics (Ampicillan 20%®,
AUV) during 5 days after implantation.

Weight Development
Pigs were weighed at weaning (28 days of age), at arrival at the experimental

farm (35 days of age), and in addition at 42, 70, 84 and 105 days of age.

Physiological and Behavioural Measurements
Body temperature, heart rate and salivary cortisol concentration were

measured and the behaviour was observed at the end of the restricted feeding
period for the RF pigs and during the ad libitum feeding period for the RF pigs. For
the AL pigs, parameters were measured at the same time points.

Body Temperature and Heart Rate Measurements
Body temperature and heart rate were measured during 17 days between 79

and 96 days of age by means of radiotelemetry using implantable biotelemetric
transmitters (type TA10CTA-D70, DataSciences, St Paul, MN, USA), as described



128

elsewhere (De Jong et al., 1998). Receivers (type RLA2000, DataSciences) were
connected to a multiplexer (RMX10, DataSciences) and subsequently to a matrix
(BCM100, DataSciences) routing the signal to a personal computer containing the
LabPro analysis software (version 3.11, DataSciences) for analysis of the data.
Body temperature and heart rate were measured during 5 days of the restricted
feeding period and during 12 days of the ad libitum feeding period for the RF pigs,
and during the same time span for the AL pigs.

Saliva Collection and Cortisol Analysis
Saliva was collected every hour during the light period (6.00-18.00 h) at 82

days of age (restricted feeding) and at 95 days of age (ad libitum feeding) for the
RF pigs, and at the same time points for the AL pigs. Saliva was collected by
allowing the pigs to chew on two large cotton buds until they were thoroughly
moistened (about 30-60 sec per sample). The buds were placed in tubes and
centrifuged for 10 min at 400 g. Saliva samples were stored at –20°C until analysis.
Cortisol concentration in saliva samples was determined using a solid-phase
radioimmunoassay kit (Coat-a-Count Cortisol TKCO, Diagnostics Product
Corporation, Apeldoorn, The Netherlands) modified for pig salivary cortisol (Ruis
et al., 1997). Cortisol in saliva is a good representation of the level in plasma and is
essentially in the free biologically active form (Kirschbaum and Hellhammer,
1989).

Behavioural Observations
Behaviour was recorded on videotape during the light period (6.00-18.00 h)

on 2 days of the restricted feeding period (80-81 days of age) and on 2 days of the
ad libitum feeding period (93-94 days of age) for the RF pigs, and at the same time
points for the AL pigs. Duration and frequency of the behavioural elements as
described in Table 1 were scored continuously per pig using the Observer software
(Noldus, Wageningen, The Netherlands).
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Table 1. Ethogram
Behaviour Definition
Eating Time spent with the head in the feeder
Drinking Time spent drinking
Walking Walking through the pen
Running Trotting, gallopping through the pen
Explore pen Rooting, sniffing or touching the walls or ground of the pen or

feeder (without eating), except substrate
Explore straw Rooting, sniffing, touching the substrate
Nosing Sniffing with the nose any part of another pig
Fighting Agonistic interactions with biting involved
Other All other behaviour
Posture Definition
Standing Standing, walking, running on four legs
Lying Lying on side or sternum
Sitting Standing on fore-legs, hind quarter on the floor

Data Reduction and Statistical Analysis
Body temperature and heart rate levels were compared between the restricted

feeding period and the ad libitum feeding period by calculating the body
temperature and heart rate average of 79-84 days of age (restricted feeding for the
RF pigs) and of 84-96 days of age (ad libitum feeding for the RF pigs). In addition,
body temperature and heart rate data were averaged over the 12-hour light and dark
phases. The amplitude of the circadian rhythm was defined as the difference
between an average light value and an average dark value.

Growth of the pigs and energy intake were compared between RF and AL
pigs using a mixed analysis of variance model with treatment (RF vs. AL) as fixed
effect in the model and the animal entered as random effect. Components were
estimated with the Restricted Maximum Likelihood (REML) procedure (Genstat,
1993). The residuals were checked for homogeneity of variance. Salivary cortisol
concentrations, behaviour, average values of body temperature and heart rate, and
amplitude values were compared between RF and AL pigs, and within animals
between different ages, with the Mann-Whitney U test. Differences were
significant if p<0.05.
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RESULTS

Energy Intake, Growth Rate and Weight
During the period of restricted feeding, energy intake of the RF pigs was

significantly lower (p<0.0001; Table 2) than energy intake of the AL pigs. Energy
intake of the RF pigs during the period of restrictive feeding decreased from 81%
to 48% of the energy intake of the AL pigs (Table 2). Thus, in this experiment AL
pigs consumed more food than expected, as the food restriction for the RF pigs was
more than 70% of the intake of the AL pigs. However, when the RF pigs were
given the opportunity to eat ad libitum after the period of restricted feeding, energy
intake did not differ significantly between RF and AL pigs (Table 2).

As a consequence, AL pigs had a higher growth rate from 42 to 84 days of
age than RF pigs (Table 3). When the RF pigs were given the opportunity to eat ad
libitum after 84 days of age, they had a significantly higher growth rate than the AL
pigs (Table 3). At weaning and at 35 days of age, AL pigs weighed slightly but
significantly more than RF pigs (28 days of age: 8.3 ± 0.2 kg vs. 8.6 ± 0.2 kg for
RF vs. AL pigs, p<0.05; 35 days of age: 9.2 ± 0.3 vs. 10.2 ± 0.5 kg for RF pigs vs.
AL pigs, p<0.05). At 42 days of age, AL and RF pigs did not differ in weight. At
70, 84 and 105 days of age AL pigs weighed significantly more than RF pigs (70
days of age: 21.8 ± 0.4 kg vs. 28.5 ± 1.2 kg for RF vs. AL pigs, p<0.001; 84 days
of age: 25.7 ± 0.5 kg vs. 39.0 ± 1.5 kg for RF pigs vs. AL pigs, p<0.001; 105 days
of age: 47.7 ± 0.7 kg vs. 55.5 ± 2.3 kg for RF pigs vs. AL pigs, p<0.001).
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Table 2. Daily energy intake (kJ) for the RF pigs and the AL pigs.
 Mean daily energy intake per pig (kJ)

Age (days) RF pigs AL pigsb

35-42 4052a 3539
42-49 5577 6806c

49-56 6106 9754c

56-63 6902 11705c

63-70 7592 12691c

70-77 7611 13370c

77-84 8303 17017c

84-91 16937a 20146
91-98 20149a 21222
98-105 23509a 24903
a Ad libitum feeding at this age. Energy intake represents the mean daily intake of all pigs
(experimental pigs and companion pigs; n=24).
b Energy intake represents the mean daily intake of all pigs (experimental pigs and
companion pigs; n=12).
c p<0.0001; AL pigs vs. RF pigs

Table 3. Growth (mean ± sem) for the RF and the AL pigs
                                     Growth (kg/week)
Age (days)           RF pigs                  AL pigs                    p-value

28-35 0.96 ± 0.16a 1.07 ± 0.18 n.s.
35-42 1.97 ± 0.17a 1.49 ± 0.39 n.s.
42-70 2.63 ± 0.08 4.19 ± 0.18 p<0.0001
70-84 1.84 ± 0.12 5.42 ± 0.29 p<0.0001
84-105 7.60 ± 0.29a 5.59 ± 0.23 p<0.0001
aAd libitum feeding at this age

Body Temperature
Although pigs of the AL group had a higher average body temperature from

79-84 days of age than pigs of the RF group (39.76 ± 0.03°C vs. 39.53 ± 0.06°C
for AL pigs vs. RF pigs), differences were not significant. The average body
temperature did not differ between pigs of the AL group and pigs of the RF group
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between 84-96 days of age, when both groups were fed ad libitum (39.77 ± 0.01°C
vs. 39.84 ± 0.04°C for AL pigs vs. RF pigs).

Pigs that were first fed restricted followed by ad libitum feeding (RF pigs),
showed an increase in body temperature from the moment of ad libitum feeding
(Figure 1). Average body temperature during the period of ad libitum feeding was
significantly higher than the average body temperature during the period of
restricted feeding (p<0.001). AL pigs did not differ significantly in the average
body temperature between 79-84 and 84-96 days of age.

When the body temperature was averaged over the 12 h light and dark period
(Figure 1), no circadian body temperature rhythm entrained to the light/dark cycle
could be observed in restricted nor in ad libitum fed pigs.

Figure 1. 12-hour body temperature averages of the light and dark period of pigs of the RF
group and the AL group from 79 to 96 days of age. RF pigs were fed restricted from 79 to
84 days of age.
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Heart Rate
When heart rates were compared between AL and the RF pigs of the same

age, the average heart rate from 79-84 days of age was significantly higher for the
AL pigs than for the RF pigs (125.9 ± 2.3 bpm vs. 112.8 ± 2.6 bpm for AL pigs vs.
RF pigs; p<0.01). From 84-96 days of age, RF pigs had a significantly higher
average heart rate than the AL pigs (137.7 ± 1.8 bpm vs. 116.2± 0.9 bpm for RF
pigs vs. AL pigs; p<0.001).

Pigs that were first fed restricted followed by ad libitum feeding (RF pigs),
had a significantly lower average heart rate during the period of restricted feeding
than during the period of ad libitum feeding (p<0.01; Figure 2). Heart rate during
the period of restricted feeding showed a clear circadian rhythm entrained to the
light/dark period, with a high heart rate during the light period and a low heart rate
during the dark period. Heart rate increased immediately after the start of ad
libitum feeding. The circadian rhythm in heart rate disappeared for several days
when the pigs were fed ad libitum, but appeared again after five days of ad libitum
feeding (Figure 2).

For the AL pigs, heart rate decreased slightly between 79 and 96 days of age.
When the average heart rate was compared for the same time span as for the RF
group, data showed that the AL group had a significantly lower heart rate from 84-
96 days of age than from 79-84 days of age (p<0.05). AL pigs displayed a
circadian rhythm in heart rate entrained to the light/dark cycle (Figure 2).

The amplitudes of the heart rate rhythm during the ad libitum feeding period
of the RF pigs seems to be smaller than during the restricted feeding period of the
RF pigs, and seems to be smaller than the heart rate amplitude of the AL pigs
(Figure 2). However, when the amplitudes of the heart rate rhythm were compared
between pigs that were fed restricted or ad libitum, no significant differences were
found.
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Figure 2. 12-hour heart rate averages of the light and dark period of pigs of the RF group
and the AL group from 79 to 96 days of age. RF pigs were fed restricted from 79 to 84 days
of age.
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their behaviour from AL pigs (Figure 3a). RF pigs spent significantly more time
standing (p<0.001), walking (p<0.001), exploring the pen (p<0.001) and exploring
the substrate (p<0.001). In addition, RF pigs spent significantly less time lying
(p<0.001), being inactive (p<0.001) and eating (p<0.01) than AL pigs. At 93-94
days of age, when both RF pigs and AL pigs were fed ad libitum, RF pigs spent
more time eating than AL pigs (p<0.05). RF pigs did not differ significantly from
AL pigs in time spent on other behavioural elements at this age (Figure 3b).

RF pigs also differed from AL pigs in the frequency of changing the position
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(standing: 35.7±4.2 vs. 61.6±7.4, p<0.05; lying 36.1±4.8 vs. 68.6±8.2, p=0.01;
sitting 18.8±3.0 vs. 51.2±6.3, p<0.001 for RF pigs vs. AL pigs). At 93-94 days of
age during the period of ad libitum feeding for the RF pigs, RF pigs and AL pigs
did not differ in the frequency of standing and lying (standing: 56.2±3.6 vs.
65.6±11.6, n.s.; lying: 59.1±3.2 vs. 77.6±12.1, n.s. for RF pigs vs. AL pigs).
However, the frequency of sitting was significantly higher for the AL pigs than for
the RF pigs at 93-94 days of age (32.9±3.6 vs. 61.9±6.6, p<0.001 for RF pigs vs.
AL pigs).

Pigs from the RF group differed in their behaviour during the period of
restricted feeding (80-81 days of age) as compared to the period of ad libitum
feeding (93-94 days of age). When restricted fed, pigs of the RF group spent
significantly more time standing (p<0.001), exploring the pen (p<0.01) or
exploring straw (p<0.01), and less time on lying (p<0.001), eating (p<0.05) and
being inactive (p<0.001) than when ad libitum fed. Pigs from the AL group did not
significantly differ in their behaviour at 80-81 days of age when compared to 93-94
days of age. Pigs from the RF group also differed in the frequency of standing,
lying and sitting during the period of restricted feeding as compared to the period
of ad libitum feeding. When restricted fed, the frequency of standing (p<0.01),
lying (p<0.01) and sitting (p<0.001) was significantly lower than when ad libitum
fed. Pigs from the AL group did not differ in the frequency of standing, lying and
sitting at 81-81 days of age as compared to 93-94 days of age.

Cortisol
At 82 days of age, RF pigs, that were fed restricted, had a significantly

higher cortisol concentration than AL pigs at 14.00 h (p<0.05; Figure 4a). The
salivary cortisol concentration did not differ between RF pigs and AL pigs at all
other time points. At 95 days of age, when both RF and AL pigs were fed ad
libitum, salivary cortisol concentrations did not differ significantly between both
treatments (Figure 4b).

Pigs of the RF group had a significantly higher salivary cortisol
concentration at 10.00 h (p<0.05) and at 14.00 h (p<0.01) at 82 days of age, when
they were fed restricted, as compared to 95 days of age when they fed ad libitum.
Salivary cortisol concentrations at other time points did not differ between RF pigs
at 82 and 95 days of age. Pigs of the AL group did not differ in their salivary
cortisol concentration at all time points between 82 and 95 days of age.
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Figure 3. Behaviour of RF pigs and AL pigs at A. 80-81 days of age and B. 93-94 days of
age. *p<0.05; **p<0.01; ***p<0.001. sta=standing; ly=lying; sit=sitting; eat=eating;
dr=drinking; inact=inactive; walk=walking; run=running; exp=exploring pen;
exs=exploring substrate; nose=nosing; figh=fighting; oth=other.
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Figure 4. Salivary cortisol concentration during the light period (6.00 h - 18.00 h) of RF
and AL pigs at A. 82 days of age and B. 95 days of age. *p<0.05.
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DISCUSSION

The principal findings of this experiment were that prepubertal pigs that are
fed ad libitum have a higher body temperature, a higher heart rate and are less
active than restricted fed pigs. Salivary cortisol levels during the light period were
not affected by the nutritional level.

The results of the present experiment confirm previous studies, that
suggested that piglets fed on a low nutritional level have a lower body temperature
than piglets fed on a high nutritional level (Ingram and Mount, 1973; Swiergiel,
1998; Rantzer et al., 1996). During feeding, the sympathetic nervous system is
increasingly activated, and heat production and body temperature increase
(Himms-Hagen, 1995; Rothwell and Stock, 1983; Van der Hel et al., 1984). The
increased body temperature of ad libitum fed pigs as compared to restricted fed
pigs can be explained by an increased heat production due to an increased food
intake, and more frequently occurring feeding episodes. Moreover, it has been
shown that rodents and men are able to compensate for excessive energy intake by
increasing energy expenditure, which is accompanied by an increased body
temperature (Rothwell and Stock, 1983). This mechanism may also play a role in
ad libitum fed growing pigs.

Previous reports on the occurrence of a circadian body temperature rhythm
in pigs are contradictory. Parrott et al. (1998) observed that a circadian rhythm in
body temperature was present in restricted fed pigs, with a rise in body temperature
during the afternoon. Becker et al. (1997) observed a body temperature rhythm in
ad libitum fed pigs, with highest body temperatures during the dark period.
However, others suggested that pigs do not display a circadian rhythm in body
temperature (Ingram and Legge, 1970; Ingram and Mount, 1973). The most
important 'zeitgeber' for synchronisation of the circadian clock is the daily
light/dark cycle (Beersma and Hiddinga, 1998). We showed that both ad libitum
and restricted fed pigs did not have a circadian body temperature rhythm entrained
to the light/dark cycle, confirming the results of Ingram and Mount (1973) and
Ingram and Legge (1970).

It has been shown that ad libitum fed pigs eat during the dark period as well
as during the light period (Musial et al., 1999). It can therefore be expected that
nocturnal food intake may mask the circadian body temperature rhythm in these
pigs, because heat production and body temperature increase due to feeding
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(Heetkamp et al., 1995; Himms-Hagen, 1995; Van der Hel et al., 1984). In
restricted fed pigs, it has been shown that heat production shows a circadian
rhythm, that is related to the feeding episodes in the light period (Heetkamp et al.,
1995; Van der Hel et al., 1984). However, we did not observe a circadian rhythm in
body temperature in restricted fed pigs, whereas a higher body temperature in the
light period than in the dark period could be expected because of the increased heat
production due to feeding in the light period. Thus, the absence of a circadian body
temperature rhythm during restricted feeding is due to other, unknown factors. It
may be possible that the circadian body temperature rhythm will develop at a later
age because we studied prepubertal growing pigs, however, it has been shown in
humans and rodents that circadian rhythms in body temperature are already present
at a young age (e.g. McGraw et al., 1999; Nuesslein and Schmidt, 1990).

We observed that ad libitum fed pigs have a higher mean heart rate than
restricted fed  pigs, which can be explained by more frequently occurring feeding
episodes in ad libitum fed pigs, and a higher metabolism due to the increased food
intake. A decreasing heart rate with age was observed in AL pigs. Although the
total energy intake increased slightly in the AL pigs, the increase per kg metabolic
weight decreased with age which may explain the decreasing heart rate.

 Both ad libitum and restricted fed pigs displayed a circadian rhythm in heart
rate entrained to the light/dark cycle. This can be explained by a higher food intake
and thus a higher metabolic rate, and a higher activity level during the day than
during the night (Van der Hel et al., 1984). The amplitude of the circadian rhythm
in heart rate tends to be smaller in ad libitum fed pigs than in restricted fed pigs,
which may be due to nocturnal feeding. When restricted fed pigs are given the
opportunity to eat ad libitum, the circadian rhythm in heart rate disappears during
several days. This may be due to the large increase in (nocturnal) food intake after
food restriction, and as a consequence a large increase in metabolism.

Behavioural observations showed that ad libitum fed pigs are less active than
restricted fed pigs during the light period. In addition, the frequency of changing
the position was higher in ad libitum fed pigs as compared to restricted fed pigs.
This indicates that ad libitum fed pigs show active behaviour during frequent short
periods, whereas restricted fed pigs show active behaviour during several long
periods. Body temperature and heart rate increase with increasing activity. In ad
libitum fed pigs activity may be limited to short periods as a way of
thermoregulation, to prevent thermal discomfort. RF pigs could also be more active
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during the restricted feeding period because they were hungry and searched for
food. However, the restricted fed pigs consumed enough energy for maintenance
and moderate growth. The frequency of sitting was significantly higher in pigs of
the AL group than in pigs of the RF group at both time points. This may indicate
that AL pigs, that weighed more, may have problems with changing the position.
Selection of pigs for high growth rate caused leg weakness (Rauw et al., 1998),
which may become apparent in the heavier AL pigs.

The higher salivary cortisol concentration at 14.00 h in restricted fed pigs
than in ad libitum fed pigs may represent the prefeeding peak in corticosterone
(e.g. Honma et al., 1986), because RF pigs were fed at 15.00 h. Salivary cortisol
concentrations did not differ between restricted and ad libitum fed pigs at other
time points, which confirmed a previous experiment in weaned piglets (Rantzer et
al. 1996). This may indicate that moderate food restriction does not subject the pigs
to a situation of stress. However, during chronic stress changes may occur at
different levels of the HPA-axis (Jensen et al., 1996), which remains to be
investigated in restricted fed pigs.

It can be questioned whether pigs should be fed restricted or ad libitum with
respect to welfare and health. Swiergiel (1998) states that with respect to welfare,
precise body temperature regulation by food intake is important for pigs, thus, ad
libitum feeding should be preferred. However, ad libitum fed pigs have a very high
food intake. Studies in humans and rodents showed that chronic nutritional excess
is a risk factor for hypertension, cancer, cardiovascular disease and metabolic
abnormalities (Scheurink et al., 1996; Woods, 1991). Thus, a chronic high
nutritional level may eventually lead to health problems in fattening pigs. It has
been shown that pigs selected for high skeletal muscularity have a higher risk for
impaired heart function (Geers et al., 1990) and cardiac hypertrophy (Yang and
Lin, 1997). This may also have been caused by the high food intake in these pigs.
Because fattening pigs are slaughtered before reaching puberty, health problems
may not always become apparent. It may also be expected that pigs that have
higher heart rates and body temperature and that are less active may have problems
to cope with physical and psychological stressors as compared to pigs fed on a
lower nutritional level, because body temperature and heart rate may reach high
levels due to stress (e.g. see De Jong et al., 1998, 1999; Parrott and Lloyd, 1995).
More research will be necessary to study the effects of the nutritional level on
welfare and health of fattening pigs.
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In conclusion, we showed that the nutritional level affects baseline body
temperature, heart rate and home pen behaviour, and may probably also affect
physiological and behavioural stress responses, and thus may have an effect on pig
welfare and health. Therefore, when measuring stress responses, the nutritional
level of pigs should be taken into account. In addition, one should be careful to
compare physiological and behavioural stress responses between ad libitum fed
pigs and restricted fed pigs.
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The aim of this thesis was to identify physiological parameters for
monitoring stress in fattening pigs. Because animal welfare is particularly
compromised under conditions of chronic stress, we put the emphasis on long-term
changes in physiology as indicator of chronic stress. Biotelemetry offers the
opportunity for long-term stress-free monitoring of body temperature and heart
rate. Therefore, these parameters were studied as possible indicators of chronic
stress in fattening pigs. In addition, HPA-axis activity and behaviour were
measured as reference indicators of stress. In chapter 2-4, we identified
physiological indicators of chronic stress by using the experimental paradigm of
barren and enriched housed pigs. In chapter 5 and 6, we determined if body
temperature and heart rate were sensitive indicators of social stress. Because deep
body temperature depends on metabolic processes, we hypothesised in chapter 7
that the nutritional level may affect the level of body temperature and the circadian
rhythm in body temperature.

Barren versus Enriched Housed Pigs
Previous experiments indicated that pigs subjected to barren environmental

conditions show more signs of chronic stress than pigs housed under relatively
enriched environmental conditions. It has been shown that barren housing
conditions hamper the development of appropriate social behaviour as compared to
more enriched housing conditions (e.g. Beattie et al., 1995a, 1996a; De Jonge et al.,
1996; O'Connell and Beattie, 1999; Olsson et al., 1999; Schouten, 1986). However,
little attention has been paid to physiological indicators of chronic stress in
fattening pigs housed under barren conditions. To obtain further evidence that the
barren versus moderate enriched environmental conditions can be used as an
experimental paradigm to study indicators of chronic stress, changes in HPA-axis
activity and behaviour, as the most commonly used stress indicators, were studied
first.

HPA-axis Activity
Chronic stress may result in hyper-reactivity of the adrenal cortex and

thereby increase the cortisol response to acute stressors or to ACTH (Janssens et
al., 1994). For instance, it has been shown that space restriction increased the
cortisol response of pigs to ACTH (Meunier-Salaun et al., 1987; Pearce and
Paterson, 1993). However, barren housed pigs did not differ from enriched housed
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pigs in cortisol responses to isolation and restraint (chapter 2). Thus, little evidence
for increased adrenal sensitivity was found in barren housed pigs as compared to
enriched housed pigs. In contrast, in chapter 4 we found that barren housed pigs
had a higher cortisol response to mixing at transport and being in lairage than
enriched housed pigs. This may be related to differences in behavioural responses
to these stressors between barren and enriched housed pigs. Barren housed pigs
tended to spend more time active, manipulating other pigs and fighting in the lorry
and in lairage than enriched housed pigs (chapter 4).

Surprisingly, we observed that enriched housed pigs had higher baseline
salivary cortisol concentrations during the light period than barren housed pigs
(chapter 2). Increased baseline salivary cortisol concentrations are often associated
with conditions of chronic stress (Rushen, 1991), although behavioural studies
indicated that barren housed pigs were more likely to be subjected to conditions of
chronic stress than enriched housed pigs (e.g. Beattie et al., 1995a; De Jonge et al.,
1996; Schouten, 1986). Interestingly, in chapter 3 we showed that not only daytime
cortisol levels were different, but that there were also differences in the shape of
the circadian rhythm in cortisol between barren and enriched housed pigs. At 22
weeks of age, enriched housed pigs had a clear circadian rhythm in salivary
cortisol, whereas barren housed pigs had a blunted circadian rhythm in cortisol.
Determinations of the salivary cortisol concentration at the circadian peak between
9 and 22 weeks of age, indicated that the differences in cortisol concentration
between enriched and barren housed pigs were age-dependent, and became visible
from 15 weeks of age (chapter 3).

A blunted circadian cortisol rhythm has also been observed in other
situations of chronic stress in rodents and pigs (e.g. in tethered pigs: Janssens et al.,
1995; in rats subjected to repeated immobilisation: Makino et al., 1995). Moreover,
a blunted circadian cortisol rhythm has been observed during situations of chronic
stress in humans, e.g. during certain types of depression (Deuschle et al., 1997;
Souêtre et al., 1989) or during chronic fatigue syndrome (MacHale et al., 1998).
We therefore suggested in chapter 3 that the blunted circadian rhythm in cortisol in
barren housed pigs as compared to enriched housed pigs similarily is an indicator
of a situation of chronic stress.
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Behaviour
Effects of barren housing conditions on pig behaviour have been well

described by others (e.g. Beattie et al., 1995a, 1996a; De Jonge et al., 1996;
O'Connell and Beattie, 1999; Schouten, 1986). We confirmed these results, by
showing that barren housed pigs performed more manipulative social behaviour
(biting, nosing and massaging of pen mates) than enriched housed pigs, in the
home pen (chapter 2) as well as in the lorry during transport to the slaughterhouse
(chapter 4).

It has also been shown that barren housed pigs behave more aggressively
and display more abnormal agonistic behaviour than enriched housed pigs (De
Jonge et al., 1996; O'Connell and Beattie, 1999; Olsson et al., 1999; Schouten,
1986). We could not confirm these results by studying the behaviour of enriched
and barren housed pigs in a confrontation test (chapter 2), but we observed that
barren housed pigs indeed tended to spend more time fighting in lairage than
enriched housed pigs (chapter 4). It has been shown that environmental enrichment
plays a role in shaping the social behaviour of pigs. Barren housed pigs have more
problems in the establishment of a dominance hierarchy than enriched housed pigs;
the establishment of dominance hierarchies in barren housed pigs involves more
aggression than in enriched housed pigs. These effects of rearing conditions on
social behaviour are shown to be long-lasting, remaining into puberty and
adulthood (De Jonge et al., 1996; O'Connell et al., 1999; Olsson et al., 1999).

At the lorry and in lairage, barren housed pigs tended to be more active than
enriched housed pigs (chapter 4). This may have been caused by the increased
aggression or manipulation of pen mates in barren housed pigs, as compared to
enriched housed pigs. However, it has also been shown that barren housed pigs in
general respond more actively to a novel environment than enriched housed pigs
(Beattie et al., 1995b; Stolba and Wood-Gush, 1980). We showed that barren
housed pigs indeed explored more a novel environment than enriched housed pigs
at 25 weeks of age (chapter 2), but not at 6 weeks of age (chapter 3). It has been
suggested that the increased exploration of a novel environment in barren housed
pigs is due to an unsatisfied motivation for exploration (Stolba and Wood-Gush,
1980). As barren housed pigs only showed increased exploration in a novel
environment at a later age, our results may than suggest that the motivation to
explore increases, or builds up, with time spent in the barren environment (chapter
2, chapter 3). Others suggest that enriched housed pigs showed more avoidance
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behaviour in the novel environment than barren housed pigs. It was suggested that
avoidance behaviour in a novel environment is a kind of adaptive behaviour, and
that barren housed pigs therefore show less adaptive behaviour than enriched
housed pigs (Olsson et al., 1999). In conclusion, behavioural observations in the
home pen and in a novel environment indeed showed that barren housing
conditions may subject growing pigs to a situation of chronic stress as compared to
more enriched housing conditions.

The effect of environmental conditions on HPA-axis activity and behaviour
may have a common underlying physiological mechanism. In rats, it has been
shown that there is a relationship between the behavioural response to novelty and
circulating glucocorticoid concentrations, that is mediated by the central
mineralocorticoid receptors (MR's). Disturbed, i.e. very low or very high
circulating glucocorticoid levels increased the behavioural reactivity to novelty
(Oitzl et al., 1994). Our data seem to be in line with these studies in rats (chapter 2,
chapter 3), because barren housed pigs had low circulating cortisol concentrations
due to a blunted circadian cortisol rhythm, and an increased behavioural response
to novelty at a later age, as compared to enriched housed pigs. Circulating
glucocorticoid levels also influence learning and memory in rats via central MR's
and glucocorticoid receptors (GR's) (Douma et al., 1998). Barren housed pigs had
an impaired long-term memory in the maze test as compared to enriched housed
pigs. This could therefore have been related to the decreased circulating cortisol
levels in barren housed pigs from 15 weeks of age.

Measurements of HPA-axis activity and observations of behaviour indicated
that barren environmental conditions indeed subject growing pigs to a situation of
chronic stress as compared to relatively enriched environmental conditions. In
conclusion, the experimental paradigm of barren and enriched environmental
conditions could therefore be used to determine if body temperature and heart rate
were sensitive indicators of chronic stress in growing pigs.

Body Temperature and Heart Rate as Stress Indicators
Barren versus Enriched Housed Pigs

Acute stressors induced a body temperature and heart rate response in barren
and enriched housed pigs (chapter 2). But, barren and enriched housed pigs did not
differ in the body temperature and heart rate response to these stressors. The results
of chapter 2 also suggested that barren housed pigs had a higher baseline body
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temperature than enriched housed pigs. This may be the result of stress-induced
changes in the circadian rhythm in body temperature (Kant et al., 1991; Meerlo et
al., 1996; Tornatzky and Miczek, 1993). However, the difference in baseline body
temperature between barren and enriched housed pigs could not be confirmed in
further experiments (De Jong et al., unpublished results). Thus, in chapter 2 we
showed that body temperature and heart rate can be used as indicators of acute
stress. However, from the experimental paradigm of barren and enriched
environmental conditions it was unclear if body temperature and heart rate could be
used as indicators of chronic stress. Therefore, body temperature and heart rate
responses were studied in other chronic situations that were expected to be
stressful.

Social Stress
It has been shown that mixing of unfamiliar pigs is a severe stressor that has

acute as well as long-term effects on behaviour, productivity and health (Ekkel,
1996; Friend et al., 1983; Graves et al., 1978). We studied if mixing of unfamiliar
pigs has long-term effects on behaviour and physiology, and if heart rate and body
temperature were sensitive indicators of the stress-situation (chapter 5 and 6).

Heart rates increased significantly in response to acute social stress. Social
status seemed to affect the acute heart rate responses of pigs to social stress,
because dominant pigs initially had lower heart rates during the resident-intruder
test than subordinate pigs. The parasympathetic and sympathetic nervous system
remained in balance during acute social stress in growing pigs, as the heart rate
variability and the occurrence of cardiac arrhythmias did not increase as compared
to baseline conditions (chapter 5). When pigs were mixed with unfamiliair
congeners, no long-term effect of mixing on heart rate frequency was observed
(chapter 6). Thus, although heart rate was an indicator of acute social stress, we
showed that heart rate was not an indicator of the long-term effects of social stress.

When pigs were mixed with unfamiliar congeners, body temperature was
significantly increased until 8 hours after the moment of mixing. The duration of
the body temperature response differed between individual pigs from 3 hours until
24 hours after the moment of mixing. Although the increased muscular activity due
to fighting may have contributed to the long-term hyperthermic response, general
activity was not higher in mixed pigs as compared to unmixed pigs. Moreover,
fighting was only increased in mixed pigs as compared to unmixed pigs during 6 h
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after mixing. This indicates that the increased body temperature after mixing of
pigs is caused by an increased (muscular) activity due to fighting in the first hours
after mixing, as well as by psychological stress of longer duration. Therefore, it
was concluded that body temperature may be a sensitive indicator of the long-term
effects of social stress in pigs (chapter 6).

It has been shown in rats that after a social defeat followed by social
isolation the circadian body temperature rhythm may be changed for days (Meerlo
et al., 1996; Tornatzky and Miscek, 1993), indicating a more chronic stress
situation. However, in growing pigs, we did not observe a circadian rhythm in body
temperature at all (chapter 6), while the average body temperature seemed to be at
its circadian maximum. This difference between rats and pigs might be due either
to a species difference, or to the possibility that fattening pigs are already at the
limits of body temperature control. Since deep body temperature depends on
metabolic processes, we hypothesized in chapter 7 that the extreme nutritional level
of ad libitum fed pigs may have an effect on the level of deep body temperature
and the circadian rhythm in body temperature.

Effects of the Nutritional Level
In chapter 7, we showed that ad libitum fed pigs had a higher body

temperature and a higher heart rate than restricted fed pigs, that could be explained
by a higher metabolism and an increased heat production, due to a higher and more
frequent food intake. In addition, ad libitum fed pigs were less active than
restricted fed pigs. Thus, results of chapter 7 indicate that the nutritional level
should be taken into account when body temperature and heart rate are measured as
indicators of stress. However, we showed that although both ad libitum and
restricted fed pigs displayed a circadian rhythm in heart rate, no circadian body
temperature rhythm was observed in restricted nor in ad libitum fed pigs. Also
Ingram and Legge (1970) and Ingram and Mount (1973) reported that no circadian
body temperature rhythm was present in growing pigs. In contrast, Becker et al.
(1997) and Parrott et al. (1998) observed a circadian body temperature rhythm in
growing pigs.

It is questioned why we did not observe a circadian rhythm in body
temperature in growing pigs. A pronounced circadian rhythm that is synchronised
to the light/dark cycle can be interpreted as a physiological expression of an
individual that is well-adapted to its environment (Tornatzky and Miczek, 1993).
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Research provided evidence for possible deterioration of light-entrained rhythms
by social constraints and demands on animal behaviour (Kant et al., 1991; Meerlo
et al., 1996; Tornatzky and Miczek, 1993). This may have played a role in the
group-housed pigs studied in the experiments described in this thesis. In intensive
pig husbandry, and also under moderate enriched conditions, environmental
conditions largely differ from the natural living conditions of pigs. This requires
behavioural and physiological adaptation of the pig to a restricted environment.
Moreover, genetic selection for growth also requires behavioural and physiological
adaptation of the pig to a high production level. Future research should be aimed at
studying the meaning of the absence of a circadian rhythm in body temperature in
pigs, because this may possibly indicate that limits of adaptation are reached in
growing pigs under current husbandry conditions.

Chronic Stress: Reduced Animal Welfare?
Some symptoms of chronic stress clearly indicate a situation of reduced

animal welfare. For example, it is generally accepted that injurious behaviour, that
is damaging for the animal itself or for its conspecifics, has negative implications
for animal welfare (Wiepkema and Koolhaas, 1993). In chapter 2 and 4, barren
housed pigs show more aggression and more manipulative social behaviour than
enriched housed pigs. Both the increased aggression and increased manipulation of
pen mates in barren housed pigs as compared to enriched housed pigs may lead to
injuries and tail-biting, and it was therefore concluded that barren environmental
conditions have negative implications for pig welfare, or increase risks for pig
welfare (e.g. Beattie et al., 1995a; Schouten, 1986; chapter 2; chapter 4).

However, in many situations the relationship between indicators of chronic
stress and reduced animal welfare is less clear. In this thesis we used changes in
biological functioning of pigs as indicator of chronic stress and reduced welfare.
However, as described in chapter 1, animal welfare refers to subjective feelings and
emotions of the animal (e.g. Dawkins, 1990; Duncan, 1996). Thus, when
physiological changes indicate a situation of chronic stress, attempts should be
made to relate these symptoms to feelings and emotions, to evaluate animal
welfare.

One way of approaching this problem was applied in chapter 3. Parallels
were drawn between physiological indicators of chronic stress in pigs and
physiological changes during human psychopathologies. Following this approach,
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it is assumed that physiological parameters in pigs that are similar to those of
human psychopathologies reflect a similar emotional perception of the situation by
the individual. For instance, a blunted circadian cortisol rhythm may also in pigs
indicate negative feelings and thus a state of reduced welfare. This suggestion
needs to be further validated in future research, for instance by using
pharmaceutical treatments that reduce or abolish the physiological effects of human
psychopathologies, and the negative perception of the situation (e.g.
antidepressants). This may be a useful tool in animal welfare research that helps to
relate physiological stress symptoms to the emotional perception of the situation.

In addition, it is important to determine the exact relationship between
circulating cortisol levels and behaviour in pigs. It has been shown in rats that the
ability of an animal to respond adaptively to its environment is dependent on the
balance between MR and GR function; a disturbed balance may lead to reduced or
enhanced responsiveness to the environment, promote susceptibility to stress and
alter behavioural adaptation (De Kloet et al., 1993). Thus, a disturbed balance
between MR and GR function may indicate a situation of reduced animal welfare
or a risk for animal welfare.

Also with respect to body temperature, it should be questioned to what
extent stress-induced hyperthermia and the absence of a circadian rhythm in body
temperature indicate a situation of reduced animal welfare.

The exact function of the acute stress-induced hyperthermia is not clear yet.
It has been shown that stress-induced hyperthermia is not a secondary effect of
stress-related physiological changes, but that it is an effect of the stressor itself.
Stress-induced hyperthermia shares some common mechanisms with the febrile
response induced by infection (Moltz, 1993; Parrott and Lloyd, 1995; Roth, 1998;
Singer et al., 1986). The febrile response to infection seems to be adaptive by
providing a more suitable internal environment, enhancing specific and non-
specific immunity (Kent et al., 1992; Kluger et al., 1998; Moltz, 1993). Possibly
stress-induced hyperthermia has the same function as fever. It may stimulate
specific and non-specific immunity, and thereby prevent infections caused by the
stressor. For example, fighting may lead to injuries that may become infected.
Thus, the acute stress-induced hyperthermia may be benificial for the animal.

However, fever may also have detrimental effects. An excessive rise in body
temperature may harm cells, in particular nerve cells. This can be observed under
conditions of demands on heat defence, e.g. in a hot environment (Moltz, 1993;
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Roth, 1998). It is unknown if (long-term) stress-induced hyperthermia also induces
such damaging effects that have negative consequences for animal welfare.

Fever is accompanied by behavioural changes, like depressed activity, loss
of interest, disappearance of body care activities and decreased food intake
('sickness behaviour') (Kent et al., 1992; Klir et al., 1997). A reduced food intake
also seemed to occur during stress-induced hyperthermia in pigs (chapter 6). Long-
term stress-induced hyperthermia, as for example occurs after mixing of pigs, may
be accompanied by similar feelings as occur during fever, and may therefore
represent a state of reduced welfare. It should be further studied to what extent pigs
show sickness behaviour during stress-induced hyperthermia.

To elucidate whether the absence of a circadian body temperature rhythm is
an indicator of reduced welfare, future research should be aimed at studying the
relationship between the absence of a circadian body temperature rhythm in pigs
and their ability to cope with enivronmental demands. Results of chapter 7 indicate
that restricted fed pigs are possibly more capable to cope with stressors than ad
libitum fed pigs. If physiological observations indicate that the limits of adaptation
in fattening pigs are reached, it should also be questioned whether the high
selection pressure on growth and food conversion in pigs should be continued.

Physiological Indicators of Chronic Stress in Fattening Pigs
In this thesis we showed that a low circulating cortisol level due to a blunted

circadian rhythm in cortisol is a sensitive indicator of chronic stress in growing
pigs (chapter 2, chapter 3). Heart rate can be used as indicator of acute stress, but
did not seem to be a sensitive indicator of chronic stress in growing pigs (chapter 5,
chapter 6). In contrast, body temperature, that is seldom measured in response to
stressors in pigs, may be a sensitive indicator chronic stress (chapter 6). Although
emphasis was put on physiological indicators of chronic stress, we showed that
these indicators were often accompanied by behavioural indicators of chronic
stress.

Implications for Further Research
We made a first step in identifying physiological indicators of chronic stress

in growing pigs. More research should be aimed at studying the underlying
mechanisms of physiological changes due to chronic stress, which is important to
relate symptoms of chronic stress to reduced animal welfare. In addition, future
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research should determine which physiological indicators of chronic stress and
reduced welfare in pigs can be used for monitoring chronic stress and animal
welfare at farm level. Monitoring stress at farm level is important for several
reasons. It may help the farmer to make decisions to improve welfare, health and
productivity, and it is important for certification of products. Moreover, it can be
used to evaluate new or existing pig husbandry systems and changes in the
legislation with respect to animal welfare.

Body temperature sensors can be included in injectable electronic
identification transponders. This system is easily applicable at farm level for
monitoring pig welfare and health (Geers et al., 1994). Therefore, in further
research special attention should be paid to body temperature as a possible
indicator of chronic stress and reduced welfare in fattening pigs.
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Het doel van het onderzoek, zoals beschreven in dit proefschrift, is het
identificeren van fysiologische parameters voor het meten van stress bij
vleesvarkens. Stress, veroorzaakt door de huisvesting en het management van
productiedieren, beïnvloedt niet alleen het dierenwelzijn, maar ook de
productiviteit, de productkwaliteit en de acceptatie van het product door de
consument. Het meten van stress is dus van belang voor de varkenshouderij.
Dierenwelzijn wordt vooral negatief beïnvloedt in situaties waarin sprake is van
chronische stress. Daarom wordt in dit proefschrift de nadruk gelegd op lange-
termijn veranderingen in fysiologie, dus chronische activering van de stress-
responsen, als indicator voor verminderd welzijn van vleesvarkens. Biotelemetrie
is een methode die het mogelijk maakt om de hartslag en de lichaamstemperatuur
zonder stress, en gedurende een lange periode te meten. Daarom worden de
lichaamstemperatuur en de hartslag gemeten in dit proefschrift, als mogelijke
indicatoren voor chronische stress bij vleesvarkens. Bovendien worden de
(re)activiteit van de hypothalamus-hypofyse-bijnieras (HPA-as) en het gedrag
gemeten als referentie-indicatoren.

In hoofdstuk 2-4 wordt gebruik gemaakt van het experimentele model van
verrijkt en intensief gehuisveste varkens om fysiologische indicatoren voor stress te
identificeren. Voorafgaand gedragsonderzoek heeft aangetoond dat intensieve
huisvestingscondities varkens blootstellen aan een situatie van chronische stress in
vergelijking met meer verrijkte huisvestingscondities. Eerst wordt getoetst of het
experimentele model inderdaad geschikt is om fysiologische parameters voor
chronische stress te identificeren, door zowel de HPA-as (re)activiteit als het
gedrag van intensief en verrijkt gehuisveste varkens te meten.

In hoofdstuk 2 worden de fysiologische responsen op acute stressoren
bestudeerd van varkens die zijn opgegroeid onder standaard intensieve condities, of
in een meer verrijkte omgeving (grotere hokken met stro). Onderzoek heeft
aangetoond dat condities van chronische stress tot gevolg kunnen hebben dat het
dier minder goed kan omgaan met acute stressoren. Het blijkt dat chronische stress,
veroorzaakt door intensieve huisvestingscondities, geen effect heeft op de cortisol-,
hartslag- en lichaamstemperatuurrespons op acute isolatie en acute restraint.
Verrijkt gehuisveste varkens hebben echter een hogere basale cortisolconcentratie
in speeksel dan intensief gehuisveste varkens. Verhoogde basale
cortisolconcentraties worden vaak geassocieerd met een situatie van chronische
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stress, maar, op basis van de gedragswaarnemingen verwachten wij dat juist de
intensief gehuisveste varkens blootgesteld zijn aan chronische stress.
Gedragswaarnemingen laten zien dat intensief gehuisveste varkens meer
beschadigend gedrag (bijten, 'masseren' van hokgenoten) in het hok vertonen dan
verrijkt gehuisveste varkens.

In hoofdstuk 3 is het verschil in basale cortisolconcentratie tussen intensief
en verrijkt gehuisveste varkens nader onderzocht, door het meten van de circadiane
ritmiek van speekselcortisol op 9 en 22 weken leeftijd. Het blijkt dat op 9 weken
leeftijd intensief en verrijkt gehuisveste varkens niet verschillen in de concentratie
cortisol in speeksel, en dat zowel de intensief als de verrijkt gehuisveste varkens
geen duidelijke circadiane ritmiek in speekselcortisol hebben. Echter, op 22 weken
leeftijd hebben de verrijkt gehuisveste varkens een duidelijke circadiane ritmiek
van cortisol, terwijl de intensief gehuisveste varkens een sterk 'afgeplat' circadiaan
ritme van cortisol hebben. Verder wordt aangetoond dat de verschillen in de basale
cortisolconcentratie tussen verrijkt en intensief gehuisveste varkens
leeftijdsafhankelijk zijn, en zichtbaar worden vanaf ongeveer 15 weken leeftijd.
Verstoringen van het circadiane ritme van cortisol komen voor tijdens situaties van
chronische stress en verminderd welzijn bij dieren en mensen, bijvoorbeeld bij
aangebonden zeugen of bij mensen met bepaalde typen van depressies. Op grond
daarvan wordt in hoofdstuk 3 aangenomen dat de verstoorde circadiane ritmiek van
cortisol bij intensief gehuisveste varkens een uiting is van chronische stress, en dus
van verminderd welzijn. Verder wordt in hoofdstuk 3 aangetoond dat intensief
gehuisveste varkens een slechter lange termijn geheugen hebben in een doolhoftest
dan verrijkt gehuisveste varkens.

In hoofdstuk 4 is de cortisol- en gedragsrespons op mengen, transport naar
het slachthuis en verblijf in de wachtruimte gemeten, bij varkens opgegroeid onder
intensieve of verrijkte condities. De concentratie cortisol in het speeksel stijgt
significant na mengen, transport en verblijf in de wachtruimte bij de intensief
gehuisveste varkens, maar niet bij de verrijkt gehuisveste varkens. Tijdens het
transport zijn de intensief gehuisveste varkens actiever (ze liggen minder, en ze
staan en lopen meer) dan de verrijkt gehuisveste varkens. Bovendien besteden de
intensief gehuisveste varkens meer tijd aan 'manipulatie' van soortgenoten (bijten,
'masseren') tijdens het transport dan verrijkt gehuisveste varkens. In de
wachtruimte van het slachthuis besteden de intensief gehuisveste varkens meer tijd
aan lopen en vechten dan verrijkt gehuisveste varkens. In hoofdstuk 4 wordt
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daarom geconcludeerd dat varkens die opgegroeid zijn onder intensieve condities
waarschijnlijk meer stress ondervinden bij mengen, transport naar het slachthuis en
verblijf in de wachtruimte, dan varkens die opgegroeid zijn onder verrijkte
condities.

Metingen van het gedrag en de reactiviteit van de HPA-as in hoofdstuk 2-4
tonen zoals verwacht aan dat intensieve huisvestingscondities vleesvarkens
blootstellen aan een situatie van chronische stress, in vergelijking met meer
verrijkte huisvestingscondities. Daarom wordt deze experimentele situatie ook
gebruikt in het vervolgonderzoek naar andere indicatoren voor chronische stress,
zoals de lichaamstemperatuur en de hartslag. Echter, er wordt geen effect van
huisvestingscondities op lichaamstemperatuur en hartslag gevonden (hoofdstuk 2).
Daarom worden deze parameters nog eens nader bestudeerd in andere situaties van
chronische stress.

Sociale stress, d.w.z. het mengen van varkens, is een ernstige stressor is die
lange-termijn effecten heeft op gezondheid, productie en gedrag. Daarom wordt in
hoofdstuk 5 en 6 sociale stress gebruikt om te bestuderen of hartslag en
lichaamstemperatuur goede indicatoren voor chronische stress zijn.

In hoofdstuk 5 wordt eerst de hartslagrespons van varkens op acute sociale
stress (d.m.v. een voercompetitietest en een 'resident-intruder' test) bestudeerd. Het
blijkt dat de hartslag significant stijgt tijdens deze situaties van sociale stress. Alle
varkens verliezen de gevechten in de 'resident-intruder' test. Het blijkt dat de
sociale status, bepaald aan de hand van de uitkomst van de voercompetitietest, de
hoogte van de hartslagrespons van de dieren in de 'resident-intruder' test bepaalt. Er
is een tendens voor een hogere hartslag bij ondergeschikte dieren in vergelijking
met dominante dieren. Metingen van de hartslagvariabiliteit suggereren dat tijdens
sociale stress bij groeiende varkens de balans van het parasympatische en het
sympatische zenuwstelsel niet verandert, in vergelijking met basaalmetingen in het
hok. Dit verklaart ook waarom er niet meer aritmieën in de hartslag worden
gevonden tijdens sociale stress, in vergelijking met basaalmetingen in het hok. Het
blijkt uit hoofdstuk 5 dat de hartslagfrequentie een indicator kan zijn voor acute
sociale stress bij vleesvarkens.

In hoofdstuk 6 wordt gemeten of het mengen van varkens lange-termijn
effecten heeft op de hartslag, de lichaamstemperatuur en het gedrag. Er wordt meer
aggressief gedrag waargenomen op de dag dat er wordt gemengd, maar niet op de
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daarop volgende dagen. Er wordt geen verschil gemeten in hartslag tussen
gemengde en niet-gemengde varkens gedurende 9 dagen na het mengen. Echter,
gemengde varkens hebben een significant verhoogde lichaamstemperatuur in
vergelijking met niet-gemengde varkens gedurende 8 uur na mengen, die pas 24
uur na het mengen weer terug is op het basaalniveau. Uit dit experiment blijkt dat
de  lichaamstemperatuur een gevoelige parameter lijkt te zijn om lange-termijn
effecten van sociale stress bij varkens te meten. De hartslag lijkt echter geen
gevoelige parameter te zijn om de lange-termijn effecten van sociale stress te
meten.

Metingen van de lichaamstemperatuur (hoofdstuk 2 en 6) laten zien dat
vleesvarkens geen duidelijke circadiane ritmiek in lichaamstemperatuur vertonen,
dit in tegenstelling tot vrijwel alle andere zoogdieren. Omdat de
lichaamstemperatuur afhankelijk is van metabole processen, wordt in hoofdstuk 7
bestudeerd of het hoge voerniveau van ad libitum gevoerde varkens, zoals
toegepast in de hier beschreven experimenten, de oorzaak is van de hoge
gemiddelde lichaamstemperatuur en de afwezigheid van de circadiane ritmiek in
lichaamstemperatuur.

Het blijkt dat ad libitum gevoerde varkens een hogere lichaamstemperatuur
en een hogere hartslag hebben dan beperkt gevoerde varkens. Dit kan worden
verklaard door een hogere warmteproductie en een hoger metabolisme bij ad
libitum gevoerde varkens dan bij beperkt gevoerde varkens, door een hogere en
meer frequente voeropname. Ook zijn ad libitum gevoerde varkens minder actief
dan beperkt gevoerde varkens. De circadiane ritmiek van de hartslag verdwijnt
wanneer beperkt gevoerde varkens overgaan op een ad libitum voerregime, maar
wordt weer zichtbaar na 5 dagen ad libitum voeren. Zowel ad libitum als beperkt
gevoerde varkens vertonen geen circadiane ritmiek in lichaamstemperatuur. De
resultaten van dit experiment tonen aan dat metabole processen een effect hebben
op de hoogte van de lichaamstemperatuur. Het is echter nog niet duidelijk waarom
groeiende varkens geen circadiane ritmiek in lichaamstemperatuur hebben.

In hoofdstuk 8 wordt geconcludeerd dat de circadiane ritmiek van
speekselcortisol en de lichaamstemperatuur gevoelige parameters lijken te zijn
voor het meten van chronische stress bij vleesvarkens. De relatie tussen
symptomen van chronische stress en verminderd welzijn wordt besproken. Welzijn
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betreft niet alleen het biologisch functioneren van het dier, maar juist ook  de
gevoelens en emoties van het dier. In hoofdstuk 8 wordt besproken hoe de relatie
kan worden gelegd tussen een afwijkende circadiane ritmiek van cortisol,
hyperthermie en het afwezig zijn van een circadiane ritmiek van de
lichaamstemperatuur, en verminderd welzijn bij varkens. Toekomstig onderzoek
moet zich onder andere richten op het bepalen van fysiologische parameters voor
chronische stress en gereduceerd welzijn, die ook op grotere schaal onder
praktijkcondities kunnen worden toegepast.
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Stellingen

1. Wanneer de concentratie cortisol in speeksel of plasma wordt gebruikt als
indicator voor chronische stress en verminderd welzijn, is het essentieel om niet
alleen de basaalwaarde op één moment te meten, maar ook de vorm van de
circadiane ritmiek van cortisol te bepalen.

Dit proefschrift; Rushen (1991), Appl. Anim. Behav. Sci. 28: 381-386.

2. Het verdient aanbeveling om bij het moderne vleesvarken te onderzoeken of
door selectie op groei en voederconversie de grenzen van adaptatie van het dier
zijn bereikt.

Dit proefschrift.

3. Lichaamstemperatuur is een nog onbegrepen maar waardevolle parameter voor
het meten van stress bij varkens onder praktijkcondities.

Dit proefschrift.

4. Farmaca, die worden gebruikt om emotionele stoornissen bij mensen te
behandelen, zijn van nut bij het onderzoek naar dierenwelzijn.

Dit proefschrift.

5. Het bestuderen van de relatie tussen stress en cognitieve functie is essentieel
voor het onderzoek gericht op het welzijn van landbouwhuisdieren.

Mendl (1999), Appl. Anim. Behav. Sci. 65: 221-244.



6. Xenotransplantatie is een kort genoegen voor de levensgenieter van nu, maar een
onverantwoorde daad voor toekomstige generaties.

Tj. De Cock Buning (1997), Bionieuws 14: 4.

7. Een grens is vaak een wens om verder te gaan.

Loesje.

8. Het scharnier tussen lichaam en geest is de stress-respons.

Elsevier, 15/4/2000.

9. Het instellen van een siësta bij temperaturen boven de 30°C leidt tot een
verhoging van de arbeidsproductiviteit.

10. De opmars van de 'actieve' vakantie is grotendeels te danken aan de
ontwikkeling van materialen die het comfort en de veiligheid van de
vakantieganger vergroten.

11. Werken in de tuin zou een veelbelovend onderdeel van een anti-stress therapie
kunnen zijn.

12. Het is in de wetenschap net als in de fotografie: de beste resultaten worden
verkregen op de momenten dat je het niet verwacht.

Stellingen behorende bij het proefschrift ‘Chronic stress parameters in pigs – indicators of
animal welfare?’
Ingrid C. de Jong, 29 september 2000.
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