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Summary
Pigs that are kept intensively and in groups may show excessive aggressive and/or manipulative
behaviour. These behaviours may cause both welfare problems for the pigs and economic problems
for the farmer. These problems may be solved by adjusting the environment the animals are kept in,
and by (genetic) selection of animals. A social breeding value (SBV) has been designed that is used to
estimate the heritable effect of an animal on the traits of its pen mates. Selecting for high social
breeding values for the growth of pen mates might be an indirect way to reduce behavioural problems
related to social interactions, but so far the effects of selecting for SBV for growth on behaviour and
physiology of pigs are unknown.
The main aim of the current study was to examine the relation between SBV, serotonin, Neutrophil to
Lymphocyte (N/L) ratio, (abnormal) behaviour and aggression in animals with a high or low SBV,
housed in an enriched or barren environment. The experiment was set up as a 2x2 arrangement, with
SBV (high vs. low) and housing (barren or enriched) as factors. In total, 32 groups of pigs (192
animals) divided over two batches were used, the pigs were housed barren (partially slatted) or
enriched (with sawdust and straw) in groups of six (1:1 sex ratio). Animals diverged in SBV, and half of
the pigs were high SBV animals, with an average estimated genetic effect of +2.72 on average daily
gain (ADG) of pen mates, and the other half were low SBV animals, with on average a negative effect
of -1.5 g ADG on pen mates. To study both SBV and housing, behavioural observations in the home
pen were conducted, a regrouping test (i.e. mixing of individuals from the same SBV) was performed,
lesion and tail bite scores were recorded, and at three times some blood was taken from the pigs to
determine N/L ratios and serotonin uptake velocity by platelets.
Housing was found to have a greater impact on explorative, active and manipulative behaviour during
this experiment than SBV, and no interactions were found between SBV and housing. Pigs in enriched
pens were more active compared to barren housed animals, showed more explorative behaviour and
less oral manipulation of pen mates. Furthermore, tail damage scores were lower in enriched housing.
Body lesion scores after regrouping were not affected by housing, but under stable social conditions,
pigs in enriched pens showed more lesions than barren housed pigs. SBV or its interaction with
housing did not affect behaviour, body lesion scores or tail damage of pigs. SBV did affect platelet
serotonin uptake velocity, with a higher uptake for the low SBV than for the high SBV pigs. Also N/L
ratio was affected by SBV, with a higher N/L ratio in low SBV animals than in high SBV animals.
Housing did not significantly influence serotonin (5-HT) uptake or N/L ratio.

In conclusion, SBV did not affect behaviour of pigs, but effects on physiological variables were found.
It is possible that selection for a high SBV may genetically make the animals less prone to show
damaging behaviours, but in the experimental environment or method of this study, this was not
observed. Alternatively, as this study was part of a larger experiment, the sample size may have been
too small to reveal potential effects of diverging SBVs on behaviour of pigs. Further research is
needed to unravel which traits of pigs are changing when selecting for SBV for growth of pen mates.
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1. Introduction
When groups of pigs are kept together intensively, aggressive behaviour and maladaptive oral
behaviours directed at pen mates like tail biting, ear biting or belly nosing may occur. Excessive
fighting may occur because the animals are not able to retreat from the aggressors (Andersen et al.,
2004). Maladaptive oral behaviours may occur due to the barren environments pigs are often kept in.
The lack of suitable substrates in these environments restricts highly motivated and species-specific
behaviour of pigs, like foraging (Wemelsfelder et al., 2009). Aggressive and maladaptive behaviour
may cause both welfare problems for the pigs (e.g. tail biting) and economic problems for the farmer,
for example by veterinary bills and reduced weight gain (Heinrichs and Richard, 1999). The provision
of straw could function as an outlet for highly motivated foraging and explorative behaviours that are
restricted by a barren environment, and in this way decrease manipulative behaviour (Young et al.,
1994, Day et al., 2002). Another solution to prevent undesired behaviour can be through breeding
management. In current animal production systems, selection is aimed at the individual and its
production traits while the animal’s effect on group mates is not taken into account (Muir, 2005). This
may potentially lead to an increase in negative social behaviour, as the traits selected may not be
optimal for functioning in a group of conspecifics (Rodenburg et al., 2010). To describe the positive or
negative effects of pigs on their pen mates, a social breeding value (SBV) formula has been designed.
This formula describes the genetic, heritable effect of one pig on the growth of its pen mates. It has
been shown that social genetic effects on growth of pen mates contribute profoundly to the genetic
variation in growth (Bergsma et al., 2008). Yet, it is unknown why or how pigs with a high SBV
enhance the growth of pen mates. It can be hypothesized that less detrimental or more positive social
interactions between animals underlie these social genetic effects. Therefore in the current study,
some behavioural and physiological characteristics that are expected to be related to SBV and to be
affected by housing will be examined. The physiological factors are related to stress (Neutrophil to
Lymphocyte (N/L) ratio) and behaviour (serotonin uptake). The behavioural and physiological
characteristics were examined during socially stable periods, but also during a socially unstable period
(regrouping of the animals). This to test the characteristics mentioned during an ‘extreme’ event, and
because regrouping pigs is a common practise in pig production, and therefore the functioning of high
and low SBV animals is important to examine under these circumstances as well. Behaviour observed
during this experiment consists of explorative, aggressive, social, non-active and manipulative
behaviour because both the environment and SBV are expected to affect these behaviours.
The main aim of this study was to examine the relation between social breeding value, serotonin, N/L
ratio, (abnormal) behaviour and aggression in pigs housed barren or enriched. The following research
question was formed to reach the aim of the research: What is the relation between serotonin, N/L
ratio, abnormal behaviour and aggression in pigs with a high or low social breeding value and does
the environment (barren vs. enriched) affect this?
In this report, the following chapter contains a literature study on social breeding value, housing,
serotonin and N/L ratio. Chapter 3 describes the materials and methods used in the experiment and
chapter 4 presents the results of this experiment. In chapter 5 the results are discussed. The report
ends with concluding remarks in the final chapter.
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2. Literature study
2.1 Social breeding value
Interactions amongst pigs affect their performance and welfare. Injuries caused by manipulative and
excessive aggressive behaviour can negatively affect the welfare of the receiving animals, whereas a
social relationship without these excessive behaviours can positively affect them. Currently, breeding
programmes target the genetic potential of an individual animal for production traits. It has been
suggested that this selection for individual performance may favour selection of pigs more competitive
towards pen mates (Muir and Schinckel 2002, Chen et al. 2007).

Social or associative genetic effects reflect the genetic effects of individuals on traits of their group
members and can be expressed in a social breeding value (SBV). In pigs, social genetic effects for
weight gain during the fattening period (from 25 kg until slaughter) have been estimated to contribute
substantially to the genetic variance in growth (Bergsma et al., 2008). The formula for social breeding
value can be included in the formula currently used as a base for breeding value estimation. This
current formula only describes direct effects of the individual on its phenotype and the corresponding
non-heritable direct effect of the environment (ADi and EDi respectively, shown in the formula
underneath). Social breeding value is added as the heritable social effect of pen mate j on the
phenotype of individual i (ASj), and the corresponding non-heritable social effects (ESj).
n −1

Pi = ADi + EDi + ∑ ( AS j + ES j )

(Bergsma et al., 2008)

i≠ j

This social breeding value is calculated by using the pedigree and production information of pen
mates of family members, where the effect of these family members on their pen mates is calculated.
Therefore the SBV becomes more reliable when an animal has more offspring, because this produces
more information about the effects on pen mates of this specific family.
Although social genetic effects on growth have been demonstrated (Canario et al., 2009, Chen et al.,
2009 and Bergsma et al., 2008), it is still unclear how pigs with diverging SBV differ from each other.
For instance, it is not known if and which social factors are limiting the growth rate in groups of pigs
(Rodenburg, 2010). Also the effect of the environment, like enrichment, on pigs diverging in SBV is not
yet known. Housing has been known to influence animal behaviour, and could therefore interact with
the social breeding value of an animal, i.e. animals in barren housing could react differently to
stressors and towards pen mates than animals in enriched environments.
2.2 Housing
Part of the species-specific behaviour of pigs is to root and nose the environment. The animals will
show this foraging and explorative behaviour, even if their nutritional needs are met (Beattie and
O'Connell, 2002, Munsterhjelm et al., 2009). In current production systems, pigs are often housed in
barren pens to minimize rearing expenses and optimize husbandry efficiency. These barren conditions
do not enable the animals to show foraging and explorative behaviour, which may then be redirected
towards the pen itself or towards pen mates (McKinnon et al., 1989, Munsterhjelm, 2009).
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In many studies, barren environments are compared with enriched environments, where enrichment
can usually be defined as adding substrates such as straw. The results of this research indicate that
enrichment increases activity, and herewith foraging and exploratory behaviour, and decreases pig or
pen directed behaviour , such as tail biting and ear biting (Kelly et al., 2000, Beattie et al., 2000,
Bolhuis, 2006, Burbridge et al., 1994, Spoolder et al., 1995).

In a preference test performed with 74 different kinds of enrichment materials, it appeared that the
most important characteristics of enrichment for pigs are that it should be chewable, deformable,
destructible, odorous and ingestible (van de Weerd et al., 2003). Straw possesses all of these
characteristics, and is therefore chosen in many studies as an environmental enrichment.

Internal processes might be related to straw and the state of an animal. Walsh et al. (2010) performed
a cognitive bias test with pigs. A cognitive bias occurs when the affective state of an animal influences
its judgement of an event. Walsh et al. (2010) found that the provision of straw was associated with an
optimistic bias, and barren housing with a pessimistic bias. Also, when the animals housed in barren
pens received straw, they switched to an optimistic bias during the test and vice versa. This indicates
that enrichment can cause a change in the animal’s psychology (Walsh et al., 2010). As will be
explained in the following paragraph, serotonin has been found to influence an animal’s
impulsiveness, thereby potentially influencing the animal’s proneness to show excessive aggressive
and abnormal behaviour. Enrichment could reduce or enhance these behaviours, interacting with the
animal’s physiology.
2.3 Serotonin
Serotonin (5-HT) is a biogenic amine, which means it is a neurotransmitter derived from an amino
acid, in the case of serotonin the amino acid tryptophan. Serotonin is released in many sites in the
central nervous system (CNS) where it affects, amongst others things; sleep, mood, attention, anxiety
and learning (Campbell and Reece, 2005). Serotonin is synthesized in the serotonergic neurons,
which cell bodies are localized in the brainstem, projecting to the forebrain, hindbrain and spinal cord
(Molliver, 1987). The main function of serotonin in the CNS is as an inhibitory neuron (Moreno et al.,
2005). But, depending on the site of action and the receptor, serotonin also acts by increasing the
activity of neurons and by stimulating production of corticotrophin-releasing hormone. With this last
action serotonin activates the Hypothalamus-Pituitary-Adrenal (HPA) axis (Best et al., 2010). The HPA
axis is involved in, amongst others, the behavioural reaction to stress via the release of cortisol
(Campbell and Reese, 2005). Three receptor subtypes have been distinguished for 5-HT:
1. 5-HT1 receptors mediate the inhibition of the release of multiple neurotransmitters and
influence smooth muscle contraction and relaxation and some behavioural actions like
hypothermia, anxiolytic and anti-aggressive actions
2. 5-HT2 receptors have been shown to mediate behavioural compulsive disorders, smooth
muscle contractions and platelet aggregation
3. 5-HT3 receptors mediate anxiety-effects and gastric emptying (Mylecharane, 1989)
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A key regulator of serotonin neurotransmission is the 5-HT transporter. This transports 5-HT from the
synaptic cleft of the neuron back into the presynaptic terminal, which terminates the action of serotonin
(Bolhuis et al., 2009). Information about the velocity of serotonin uptake indicates the amount of
neurotransmission that can occur. Another important regulator of serotonin is MAO which is an
enzyme that catalyses the inactivation of monoamines like serotonin. MAO can occur in two isoforms,
of which MAO-A metabolized serotonin (Bach et al., 1988, Jia, 2010, Fišar, 2010 ).

Besides in the CNS, serotonin also exists in the periphery, here it is synthesized, stored and released
separate from the brain. This is caused by the fact that serotonin cannot pass the blood-brain barrier.
Blood serotonin is synthesized in the intestines and stored in blood platelets (Moreno et al., 2005).
Uptake, storage and release functions are comparable in the CNS and periphery. As the study of 5-HT
uptake in the brain is a more invasive procedure, blood platelet uptake is often used in research. The
transporter consists of the same proteins and is encoded by the same gene in CNS and periphery,
and both have been found to respond similarly to the inhibition of serotonin uptake by antidepressants
(Maitre et al. 1980). For these reasons platelet serotonin uptake has been used as a model for brain
serotonin uptake in mammals and humans (Bolhuis et al., 2009)

In past studies, it has been found that serotonin may be related to both aggression and abnormal
behaviour, because it is associated with the inhibition of behaviour. When serotonin neurotransmission
is blocked, a shift in behaviour occurs towards the enabling of a response (Soubrié, 1986). This
enabling of a response makes the animal more impulsive, by altering their perception of risk and
reward and by affecting their decisions and actions (Long et al., 2009). The term impulsiveness
describes multiple, often maladaptive, behaviours (Evenden, 1999). Impulsive animals react with
abnormal and/or aggressive behaviour sooner, which is stimulated by a lower level of serotonin
neurotransmission in the forebrain, as has been found in rats (Daruna and Kent, 1976). This function
of serotonin is underlined by selective serotonin inhibitors (SSRI), which are used in humans, and
decrease brain serotonin uptake velocity. By doing so, they are used to treat anxiety, obsessivecompulsive behaviours and hyper-aggressive behaviours (Soubrié, 1986). This means that the
decrease in uptake velocity, and therefore increase in serotonin neurotransmission, may result in less
abnormal and aggressive behaviour. However, serotonin does not predispose animals to show
aggressive behaviour, but when the animal already receives ‘aggressive impulses’, it is more likely to
show aggression if it has a lower serotonin level (Krakowski, 2003).

Anxiety in animals and humans has been found to be related to serotonin as well. This can be
illustrated by Clomipramine, which is a serotonin-norepinephrine reuptake inhibitor used as an
antidepressant in humans and dogs. Clomipramine has been found to work better in treating
depression than other antidepressants due to its greater serotonin uptake inhibitory action (Jones and
Blackburn, 2002). In panic disorders, the precursor of serotonin tryptophan is used as treatment and
has shown to be effective (Kahn et al., 1987). This indicates that a higher level of serotonin, and a
lower level of serotonin uptake, is related to less anxiety.
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Even though many studies have found a relation between aggression, manipulative behaviour and
serotonin level or uptake, the serotonin system is very complicated. Many factors influence serotonin
level and efficiency, such as different receptor types, MOA-A and other hormones. Therefore findings
in research are often contradictory, because not all (physiological) circumstances can be kept equal.
2.4 Neutrophil to lymphocyte ratio
Neutrophils and lymphocytes are both white blood cells. Lymphocytes are responsible for mounting
the acquired immune response, both antibody and cell mediated. Neutrophils are part of the innate
immune system. They develop in the bone marrow where after they migrate into the bloodstream and
move into tissues approximately 12 hours later. A difference between neutrophils and lymphocytes is
that neutrophils can capture and destroy foreign particles by phagocytosis (Tizard, 2004).

The ratio between neutrophils and lymphocytes is found to be influenced by stress and has been
found to be correlated to weight gain, social status and anxiety (Hjarvard et al., 2009, Sutherland et
al., 2006, Campo et al., 2008). In a study by Wallgren et al (1994), high concentrations of cortisol
induced an increase in the number of neutrophils (through migration to organs) and a decrease in the
number of lymphocytes. Therefore, changes in Neutrophil to Lymphocyte (N/L) ratio may be related to
short term elevations in cortisol levels caused by stress (Moore et al., 1994, Wallgren et al., 1994).
Some examples of stressors that have been found to raise N/L ratio are transporting and weaning
(Puppe et al., 1997) and regrouping in pigs (De Jong et al., 1999, Leek et al., 2004). Both studies
showed that when fattening pigs were regrouped, their N/L ratio as measured on the day of regrouping
increased.

Related to stress is the social status of pigs, which has been found to be related to N/L ratio. In a study
by Hjarvard et al. in 2009, subordinate pigs had a significantly higher N/L ratio than dominant pigs kept
in stable groups. The same study showed a significant negative relation between N/L ratio and weight
(Hjarvard et al., 2009). An explanation for the finding that subordinate pigs may experience more
stress, and thus a higher N/L ratio, is the level of environmental controllability. Animals with a high
social rank have gained this position because they are able to prevent or end agonistic interactions
(Hjarvard et al., 2009). Another environmental factor possibly affecting N/L ration is straw. As is
discussed in the paragraph ‘housing’, pigs that live in a barren environment can experience stress
from being hampered to show species-specific behaviour like exploring or foraging. This stress could
influence the immune system, like the N/L ratio.
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3. Materials and methods
3.1 Animals and housing
In this experiment crossbred pigs, offspring of Tempo boars and Topigs 20 sows were used (n=192).
The pigs were born at a farm of the Institute for Pig Genetics (IPG) located in Beilen, the Netherlands.
Piglets originated from 32 litters in total. Half of the piglets had an estimated high SBV with on average
positive estimated effect of +2.72 grams on the daily weight gain (ADG) of their pen mates during the
fattening period (from approximately 25 kg until slaughter). The other half had a low SBV and was
estimated to have a negative genetic effect on the ADG of their pen mates of on average -1.5 grams.
2

Pre-weaning, the piglets were housed in a partially slatted barren farrowing crate of 3.8m together
with their sow or a foster sow. A piglet was cross fostered only (within SBV group) when the original
litter size was larger than 14 piglets to standardise the amount of piglets per sow to a maximum of 14
piglets. Males were castrated at 3 days of age. None of the animals were tail docked or tooth clipped.

Following weaning at 4 weeks of age, the animals were transported to the experimental farm ‘de Haar’
2

of Wageningen University. At de Haar, the weaned pigs were housed in pens of 6-7 m , in one room
containing 16 pens, of which eight were enriched with sawdust and straw and eight kept barren. The
animals were housed in groups of six per pen, half male and half female. Half of the pens contained
animals with a high SBV only, and the other half of animals with a low SBV only. The floor of the
barren pens was partially slatted, in enriched pens no part of the floor was slatted. To create a deeplitter system, sawdust (2.9 kg) and straw (1.8 kg) was added to the enriched pens daily. Until 17.5
weeks of age for batch 1 and 11.5 weeks for batch 2 soiled substrate was removed daily. After this
age, it was performed weekly. The pens contained one drinking nipple providing the pigs with ad
libitum water. Moreover, one feeding trough per pen with ad libitum feed was present. Lights were on
from 07:00 until 19:00 h.

The experiment was carried out in two batches of 96 animals each, which were born approximately
four weeks after each other. Eight pigs died before the end of the experiment, but their data was used
in the data analysis. After weaning, the experiment was set up as a 2x2 arrangement, with Social
Breeding Value (SBV) and housing (barren or enriched) as factors. Animals were provided with an
extra earmark when they were weaned, this earmark contained their pen and animal number (1-16
and 1-6 respectively). To be able to easily recognise the pigs during behavioural observations, the
number of the animal was sprayed on the pig’s back with blue marking spray.
3.2 Tests
3.2.1 Behavioural observations
Pigs were observed at 8 ,10 and 21 weeks of age using 2-min instantaneous scan sampling for six
hours on one day (see Appendix I for the ethogram). Behaviour was scored during live observations
using a hand-held computer using Observer 9.0. The observation hours started at 8.00, 9.15, 10.30,
14.00, 15.15 and 16.30 h.
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3.2.2 Regrouping test
At 9-10 weeks of age, animals were subjected to a regrouping test. During the regrouping test,
animals were mixed with unfamiliar pigs within the same SBV x housing treatment combination. Mixed
groups were formed by placing three pairs of pen mates in an unfamiliar pen similar in size as their
home pen. After 24 hours the animals were placed back in their original pen. During mixing,
observations were carried out for 3 h using the behavioural observation method mentioned in
paragraph 3.2.1. The animals were regrouped at 12:00 and observations started at 14:00. In addition,
skin lesions were scored (see 3.2.3) at 24 h after mixing. The animals from batch 1 were quite heavy
at mixing, resulting in some lame pigs after regrouping. Therefore, it was decided to regroup pigs of
batch 2 one week earlier. This did not affect the lesion score, however, as no significant difference in
lesion scoring was found just after regrouping between batches. For brevity, in the text, regrouping will
be referred to as if in week 10 for both batches.
3.2.3. Lesion score
Body lesions were scored as a measure of given and received aggression in week 9-10, before the
day of regrouping, at 24 h after regrouping and under stable social conditions in week 17. Lesion
scores were conducted by counting the number of lesions per body region using a method from Turner
et al., (2006). The pig’s body was divided into three regions; front middle and rear to be able to
discriminate the sort of lesion. Turner et al (2009) found that front and middle lesions indicate mutual
fighting and rear lesions indicate that the animal only received aggression (Figure 1).

Figure 1: Dividing the body for lesion scoring

3.2.4 Tail bite score
Tail bite scores were recorded at 8, 11 and 22 weeks of age using the method described by
(Zonderland, 2008) (see Appendix 2 for pictures). There were 4 classes of tail damage:
1. No tail damage visible
2. The tail lacks hair partially or completely
3. Small damage/bite marks in the size of a pinhead are visible
4. There is a clearly visible wound
3.2.5 Blood sampling
Before regrouping, at 8 weeks of age, three days after regrouping at 10 weeks of age, and at 22
weeks of age, blood samples were drawn from the jugular vein. During sampling, pigs were either
restrained on their backs (first two samples) or by using a nose sling (last sample).
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From the samples taken at 22 weeks of age from each animal, serotonin uptake in blood platelets was
determined in the lab within 2 h after blood collection. Platelet rich plasma (PRP) was gained by low
speed centrifugation for 10 min at 160 g after which PRP was collected and platelets were counted for
each sample. Serotonin uptake in platelets was determined using the method described by Bolhuis et
al. (2009). Briefly, three samples of 100 μl PRP were incubated in phosphate buffer without CaC1 at a
2

concentration of 5 μM5-HT in the presence of [ C]-5-HT for 1 h at 37 °C. Passive diffusion of [ C]-514
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HT was determined by incubating blanks for 1 h at 0 °C and subtracted from the total uptake values at
37 °C to yield the values of active uptake. Uptake velocity was expressed as pmol 5-HT per platelet
per min.

To determine the N/L ratio, blood smears were made and stained with the Giemsa method (Cramer et
al., 1973), using a rapid red and blue stain. In each smear 100 white blood cells were counted
consisting of lymphocytes, monocytes, neutrophils, basophils and eosinophils. The N/L ratio was
calculated by dividing the number of neutrophils by the number of lymphocytes.
3.3.6 Statistical analysis
SAS 9.2 was used for all statistical analyses. Variables with skewed distributions were logarithmic
(log) or arcsine square root transformed to obtain homogeneity of variance.
For the statistical analysis of the behavioural observations, the following behaviours were grouped
(see appendix I for the explanation of these behaviours):
•

Social behaviour: gambolling, nosing body, nose contact and mounting

•

Explorative: nosing, nosing object, rooting, rooting object, chewing, chewing object and
chewing toy

•

Manipulative: tail biting, ear biting, manipulating other and belly nosing

•

Aggressive: fighting, head knocking, biting and fighting at the feeder

•

Non-active: lying inactive and sleeping

These behaviours were chosen because, based on the literature study, they were expected to be
related to SBV, and/or influenced by the environment the animals were kept in.
A mixed analysis of variance model was used to assess fixed effects of SBV, housing and their
interaction on variables. The model also contained the effect of batch, and the random effect of pen
within SBV, housing and batch. Correlations between behavioural observations, lesion scores,
serotonin uptake, N/L ratio and tail bite scores were assessed using the Spearman’s correlation test
on the residuals of the data (measured data minus fitted spectrum).
To be able to determine if an animal was more aggressive than others, or was ‘bullied’ by pen mates,
two extra classes of animals were formed (based on scatter plots which can be found in appendix III):
•

Aggressors during stable social conditions: more than 8 lesions on the front of the body

•

Receivers during stable social conditions: more than 6 lesions on the rear part of the body

•

Aggressors during regrouping: more than 60 lesions on the front of the body

•

Receivers during regrouping: more than 40 lesions on the rear part of the body
14

Animals that were identified to be aggressors and receivers were counted as aggressors only,
because lesions on the front part of the body indicates that the animal has shown aggression which
makes them an aggressor and not just a receiver. The data were analysed by adding aggressors (yes
/ no) or receivers (yes / no) as fixed effects to the mixed analysis of variance model, and checking for
significant influences on behaviour, lesion score, blood analysis data and tail bite score. To check
whether effects of being an aggressor and/or receiver were actually caused by housing or SBV,
residuals were calculated of the variables and significant effects found in the mixed analysis of
variance model earlier were run again with the residuals corrected for SBV and housing.
All data are presented as means ± SEM.
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4. Results
4.1 Behavioural observations
Explorative behaviour was significantly influenced by housing. At 8 weeks of age (before regrouping),
on the day of regrouping at 9-10 weeks of age, and at 21 weeks of age, the animals in enriched pens
showed more explorative behaviour (P < 0.05, see Table 1). In stable social conditions (week 8 and
21), barren housed pigs were less active (P < 0.05). Animals in a barren environment showed more
manipulative behaviour than animals housed in an enriched environment. At 10 and 21 weeks of age,
this effect was significant (P < 0.01).
Social behaviour was not influenced by housing. SBV did not affect any of the behaviours shown, and
no interaction between housing and SBV was found.
Table 1: Behaviour of pigs with high or low SBV in enriched or barren housing.
Week

Behaviour%

Enriched housing
High SBV

8: Stable
social
conditions
before
regrouping

Social

Low SBV

High SBV

Effects
Low SBV

H

S

H*S

1.4 ± 0.2

1.23 ± 0.1

1.36 ± 0.1

1.15 ± 0.1

ns

ns

ns

Explorative

26.34 ± 1.3

24.98 ± 1.2

22.63 ± 1.2

24.07 ± 1.1

*

ns

ns

Non-active

51.72 ± 1.5

53.65 ± 1.5

57.48 ± 1.7

54.24 ± 1.4

*

ns

ns

Aggressive

0.25 ± 0.1

0.50 ± 0.1

0.31 ± 0.1

0.29 ± 0.1

ns

ns

ns

Manipulative

1.13 ± 0.2

1.14 ± 0.1

1.00 ± 0.2

1.16 ± 0.2

ns

ns

ns

Social

1.66 ± 0.1

1.46 ± 0.2

1.56 ± 0.2

1.56 ± 0.2

ns

ns

ns

Explorative

17.95 ± 1.1

14.11 ± 1.0

12.96 ± 0.8

11.97 ± 0.7

*

ns

ns

Non-active

55.61 ± 2.1

61.25 ± 2.1

61.8 ± 1.5

62.72 ± 1.6

ns

ns

ns

Aggressive

1.13 ± 0.2

0.89 ± 0.1

1.05 ± 0.2

0.88 ± 0.1

ns

ns

ns

Manipulative

1.9 ± 0.2

1.69 ± 0.1

2.37 ± 0.2

2.38 ± 0.2

**

ns

ns

Social

0.93 ± 0.13

0.63 ± 0.1

0.85 ± 0.9

0.93 ± 0.2

ns

ns

ns

Explorative

16.94 ± 1.1

15.83 ± 1.0

12.64 ± 0.9

14.23 ± 1.0

*

ns

ns

Non-active

67.43 ± 1.3

68.37 ± 1.5

73.61 ± 1.4

70.58 ± 1.3

*

ns

ns

Aggressive

0.1 ± 0.1

0.08 ± 0.1

0.11 ± 0.1

0.06 ± 1.0

ns

ns

ns

Manipulative

0.5 ± 0.2

0.16 ± 0.1

0.41 ± 0.1

0.49 ± 0.1

**

ns

ns

10:
Regrouping

21: Stable
social
conditions
after
regrouping

Barren housing

Significances of effects of housing (H), SBV (S) and their interaction (H*S) are indicated in the following way:
ns = non-significant
* = P < 0.05
** = P < 0.01
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4.2 Lesion score
Under stable social conditions, before regrouping at week 10, lesion scores of animals housed in a
barren environment were lower than those of animals housed in an enriched environment (Table 2).
During the stable social conditions after regrouping, at 17 weeks of age, animals housed in a barren
environment had fewer lesions on the front (P < 0.01) and rear (P < 0.05) part of their body and
tended to have fewer lesions at the middle part (P < 0.10).
SBV did not affect lesion scores before regrouping, but just after regrouping, animals with a high SBV
tended to have more lesions at the middle part of their body than animals with a low SBV (P < 0.10).
Lesion scores after regrouping were not affected by housing or SBV, except that lesion scores at the
middle part of the body tended to be higher for high SBV than for low SBV animals (P < 0.10). There
were no interactions found between housing and SBV for any of the lesion scores.
Table 2: Lesions scored at the front, middle and rear of the body of pigs with high and low SBV in enriched or
barren housing
Week

Lesion

Enriched

Barren

Effects

score

10: Stable social

High SBV

Low SBV

High SBV

Low SBV

H

S

H*S

Front

5.29 ± 0.7

6 ± 0.9

2.55 ± 0.4

2.58 ± 0.3

***

ns

ns

Middle

6.00 ± 1.0

4.65 ± 0.9

2.5 ± 0.5

2.02 ± 0.4

***

ns

ns

Rear

2.08 ± 0.3

1.88 ± 0.3

1.09 ± 0.3

0.58 ± 0.2

***

ns

ns

Total

13.38 ± 1.7

12.5 ± 1.9

5.9 ± 0.9

5.19 ± 0.7

***

ns

ns

Front

34.48 ± 4.4

33.06 ± 3.9

35.98 ± 3.8

39.04 ± 4.8

ns

ns

ns

Middle

35.78 ± 5.4

28.29 ± 3.6

30.75 ± 4.3

26.32 ± 4.1

ns

†

ns

Rear

14.58 ± 1.9

15.25 ± 2.0

14.9 ± 2.4

15.35 ± 3.0

ns

ns

ns

Total

84.83 ± 10.5

76.6 ± 8.0

81.6 ± 9.1

80.7 ± 10.5

ns

ns

ns

Front

4.22 ± 0.6

4.13 ± 0.9

2.52 ± 0.4

2.4 ± 0.7

***

ns

ns

Middle

3.42 ± 0.6

3.44 ± 0.7

1.9 ± 3.6

1.75 ± 0.5

†

ns

ns

Rear

2.43 ± 0.4

2.13 ± 0.4

1.7 ± 0.3

1.25 ± 0.4

*

†

ns

Total

10.29 ± 1.4

9.69 ± 1.7

6.1 ± 1.0

5.4 ± 1.4

***

ns

ns

conditions
before
regrouping

10: Regrouping

17: Stable social
conditions after
regrouping

Significances of effects of housing (H), SBV (S) and their interaction (H*S) are indicated in the following way:
ns = non-significant
† = P < 0.10
* = P < 0.05
*** = P < 0.001
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4.3 Blood analysis
4.3.1 Platelet serotonin uptake
Serotonin uptake velocity by platelets at 21 weeks of age was lower for high SBV than for low SBV

Serotonin uptake in pmol 5-HT
per platelet per min.

animals (P < 0.05). Housing or its interaction with SBV did not affect serotonin uptake velocity.
90
80
70
60
50
40
30
20
10
0

*

High SBV

Low SBV

Figure 1: Serotonin uptake in animals with a high and a low SBV. * = P < 0.05.

4.3.2 N/L ratio
N/L ratio in animals with a high SBV during the stable social conditions before regrouping was lower
than in animals with a low SBV (Table 3). The change of N/L ratio in the stable social conditions to
regrouping was also influenced by SBV, with a larger decrease in animals with a low SBV than in
animals with a high SBV. Housing influenced N/L ratio at the age of 8 weeks, where animals housed
barren had a higher N/L ratio than animals in an enriched housing. After regrouping, barren-housed
pigs tended to have a lower N/L ratio than enriched housed pigs (P < 0.10). No other effects of SBV,
housing and their interactions on N/L ratios were found.
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Table 3: N/L ratio of high and low SBV pigs in enriched or barren housing, before regrouping, 3 days after
regrouping at 10 weeks of age and at 17 weeks of age under stable social conditions
Week

Enriched housing
High SBV

Low SBV

Barren housing
High SBV

Low SBV

Effects
H

S

H*S

*

*

ns

8: Stable social
conditions before

0.69 ± 0.1

0.83 ± 0.1

0.83 ± 0.1

0.89 ± 0.1

regrouping
10: Regrouping

0.61 ± 0.06

0.56 ± 0.1

0.72 ± 0.1

0.63 ± 0.2

†

ns

ns

0.9 ± 0.1

0.87 ± 0.1

0.83 ± 0.1

0.86 ± 0.1

ns

ns

ns

-0.08 ± 0.1

-0.28 ± 0.1

-0.1 ± 0.1

-0.26 ± 0.1

ns

*

ns

∆ 10 - 17

0.3 ± 0.1

0.2 ± 0.1

0.1 ± 0.1

0.23 ± 0.1

ns

ns

ns

∆ 8 - 17

0.21 ± 0.1

0.04 ± 0.1

0 ± 0.1

-0.03 ± 0.1

ns

ns

ns

17: Stable social
conditions after
regrouping
∆ 8 - 10

Significances of effects of housing (H), SBV (S) and their interaction (H*S) are indicated in the following way:
ns = non-significant
† = P < 0.10
* = P < 0.05
** = P < 0.01
*** = P < 0.001

4.4 Tail bite scores
Tail bite scores were significantly influenced by housing (P < 0.01, see Table 4). During all stages,
pigs housed barren had more tail damage than animals housed in enriched pens. No significant
effects of SBV were found, except that during the steady stage before regrouping (at 8 weeks of age),
animals with a high SBV tended to have a higher tail damage score than animals with a low SBV (P <
0.10). No interaction between housing and SBV on tail bite score was found.
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Table 4: Mean tail bite scores of animals with a high or low SBV, in enriched or barren housing
Week

8: Stable social conditions before

Enriched housing

Barren housing

Effects

High SBV

Low SBV

High SBV

Low SBV

H

S

H*S

1.52 ± 0.1

1.4 ± 0.1

2.38 ± 0.2

1.79 ± 0.1

**

†

ns

1.65 ± 0.1

1.6 ± 0.1

2.38 ± 0.1

2.34 ± 0.1

***

ns

ns

1.9 ± 0.2

1.82 ± 0.1

2.67 ± 0.17

2.57 ± 0.2

**

ns

ns

regrouping
11: Regrouping
22: Stable social conditions after
regrouping
Significances of effects of housing (H), SBV (S) and their interaction (H*S) are indicated in the following way:
ns = non-significant
** = P < 0.01
*** = P < 0.001

4.5 Aggressor and receiver
N/L ratio was not significantly different in aggressors or receivers during this study. Serotonin uptake in
blood platelets was significantly higher in receivers than in non-receivers (P < 0.001, see Table 6).
Aggressors tended to be more active at 8 weeks (P < 0.10), but significantly less active at 10 weeks,
just after regrouping (P < 0.01). Aggressors showed significantly less explorative behaviour than nonaggressors during regrouping. When using the residuals of the variables in the mixed model, corrected
for housing and SBV effects, the effects of tail damage on receivers during regrouping, explorative
behaviour on aggressors and serotonin on receivers after regrouping were still present.
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Table 4: NL-ratio, 5-HT uptake, explorative behaviour, non-active behaviour and tail damage of aggressors and
non-aggressors, receivers and non-receivers
Date

Effects

Variable
Receiver

Stable social

Non-receiver

Aggressor

Non-aggressor

R

A

N/L ratio

0.67 ± 0.3

0,81 ± 0.1

0.78 ± 0.1

0.81 ± 0.1

ns

ns

Explorative

52.5 ± 6.7

44.26 ± 1.6

20.24 ± 1.0

26.79 ± 2.0

ns

ns

Non active

89.79 ± 9.0

97.68 ± 2.1

98.36 ± 1.6

98.62 ± 1.6

ns

†

Tail damage

1.06 ± 0.5

1.81 ± 0.1

1.73 ± 0.2

1.80 ± 0.1

†

ns

N/L ratio

0.94 ± 0.3

0.63 ± 0.1

0.61 ± 0.1

0.64 ± 0.1

ns

ns

Explorative

35.00 ± 2.0

25.43 ± 0.9

20.21 ± 2.0

26.79 ± 1.0

ns

**

Non active

81.37 ± 2.0

108.19 ± 1.5

117.76 ± 3.0

105.65 ±1.6

ns

**

Tail damage

2.50 ± 0.8

1.97 ± 0.1

2.04 ± 0.1

1.96 ± 0.1

ns

ns

N/L ratio

0.65 ± 0.2

0.88 ± 0.1

0.76 ± 0.2

0.87 ± 0.1

ns

ns

5ht uptake

156.5 ± 23

60.78 ± 5.1

63.99 ± 18.5

60.37 ± 5.2

***

ns

Explorative

32.00 ± 4.0

27.1 ± 1.2

29.00 ± 3.3

27.24 ± 1.2

ns

ns

Non active

127.00 ± 6.8

124.00 ± 2.0

118.00 ± 5.0

124.37 ± 2.1

ns

ns

2.1 ± 0.4

2.2 ± 0.1

2.7 ± 0.3

2.17 ± 0.1

ns

*

conditions
before
regrouping

Regrouping

Stable social
conditions
after
regrouping

Tail damage

Explorative behaviour and non-active behaviour are shown in frequencies per 6 hours (i.e. number of scans per
180 scans). Significances of effects of housing (H), SBV (S) and their interaction (H*S) are indicated in the
following way:
ns = non-significant
† = P < 0.10
* = P < 0.05
** = P < 0.01
*** = P < 0.001
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4.5 Correlations
In the following paragraphs, correlations between all variables with lesion score, N/L ratio, serotonin
uptake and tail bite score are presented. The correlation table of all data can be found as appendix IV.
4.5.1 Lesion score
Total lesion score at 24 h after regrouping was negatively correlated with explorative behaviour and
social behaviour on the day of regrouping and positively with time spent on non-active behaviour (P <
0.01). Lesion scores measured 24 h after regrouping and at 17 weeks of age, correlated positively and
negatively respectively with manipulative behaviour measured at 8 weeks of age.

Table 5: Spearman correlations on the residuals of the lesion scoring
with N/L ratio, behaviours and 5-HTuptake
Week

Stable
social
conditions
before
regrouping

Regrouping

Variable

LS1

LS2

LS3

N/L ratio

-0.03

-0.09

-0.02

Explorative

-0.02

0.02

0.07

Social

0.03

-0.05

0.07

Manipulative

-0.05

0.15*

-0.17*

Non-active

-0.001

0.02

-0.05

N/L ratio

-0.03

-0.03

0.12

Explorative

0.11

-0.22**

0.06

Social

0.04

-0.18*

0.02

-0.09

-0.08

-0.05

Manipulative
Non-active

Stable
social
conditions
after
regrouping

0.01

0.25***

-0.04

N/L ratio

-0.01

-0.04

-0.10

5-HT uptake

-0.11

0.06

0.07

Explorative

-0.14

-0.03

0.12

0.06

-0.04

0.07

-0.02

0.00

0.04

0.00

0.06

-0.11

Social
Manipulative
Non-active

LS1 = total lesion score stable social conditions before regrouping, LS2 = total lesion score 24h after regrouping
and LS3 = total lesion score stable social conditions after regrouping. Black values indicate that the correlation
was calculated between data collected at approximately the same day or week, grey values are correlation
between variables assessed at different days or weeks.
† = P < 0.10
* = P < 0.05
** = P < 0.01
*** = P < 0.001
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4.5.2 Blood analysis
Pigs with a higher N/L ratio on day 3 after regrouping were more active during regrouping (P< 0.001).
Before and after regrouping, N/L ratio was not correlated with any of the variables. Explorative
behaviour shown at 21 weeks of age was negatively correlated with the N/L ratio measured at 8 and
10 weeks of age.
Table 6: Spearman correlations on the residuals of N/L ratios with lesion
scores, behaviours, tail damage and 5-HT uptake
Moment

Stable
social
conditions
before
regrouping

Variable
Lesion
score
Explorative

N/L
ratio 3

-0.03

-0.04

-0.01

0.23

-0.27

0.11

0.04

-0.01

-0.09

Manipulative

0.05

0.21

0.05

-0.001

-0.08

-0.13†

0.06

-0.01

0.09

-0.09

-0.03

-0.04

Non-active

Lesion
score
Explorative

-0.09

0.06

0.04

Social

0.00

0.1

0.02

Manipulative

0.07

0.1

0.02

Non-active
Tail damage
Stable
social
conditions
after
regrouping

N/L
ratio 2

Social

Tail damage

Regrouping

N/L
ratio1

-0.08
0.00

-0.35***
-0.09

-0.03
0.11

Lesion
score

-0.02

0.12†

-0.10

Explorative

0.16*

0.22**

0.05

Social

0.09

0.10

0.06

Manipulative

0.01

0.09

-0.08

N/L ratio1 = stable social conditions before regrouping, N/L ratio 2 = regrouping and N/L ratio 3 = stable social
conditions after regrouping. Black values indicate that the correlation was calculated between data collected at
approximately the same day or week, grey values are correlation between variables assessed at different days or
weeks.
† = P < 0.10
* = P < 0.05
*** = P < 0.001

Serotonin uptake
In the stable social conditions after regrouping, serotonin uptake negatively correlated with
manipulative behaviour (P < 0.01, see Table 9). No other significant correlations between serotonin
uptake and behaviour were found.

23

Table 7: Spearman correlations on the residuals
of serotonin uptake with behaviour
Moment

Stable
social
conditions
before
regrouping

Regrouping

Stable
social
conditions
after
regrouping

Variables

5-HTuptake

Explorative

0.02

Aggressive

-0.07

Social

-0.08

Manipulative

0.08

Non-active

0.04

Tail damage

-0.1

Explorative

-0.12

Aggressive

0.02

Social

0.03

Manipulative

0.07

Non-active

0.13†

Tail damage

0.03

Explorative

-0.1

Aggressive

-0.01

Social

0.05

Manipulative

-0.19**

Non-active

0.09

Tail damage

-0.17

† = P < 0.10
* = P < 0.05
** = P < 0.01

4.5.3 Tail bite scores
Tail bite score during the stable social conditions before regrouping correlated positively with
manipulative behaviour (P < 0.01, see Table 10). During regrouping, tail damage correlated negatively
with lesion scoring measured 24 h after regrouping (P < 0.05).Total lesion score (the sum of lesion
scores at all three body parts) measured at 17 weeks of age correlated positively with tail damage
measured at 8 and 11 weeks of age.
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Table 8: Spearman correlations on the residuals of tail bite scores
with lesion score and behaviours
Observation
day

Stable
social
conditions
before
regrouping

Variables

Tail
damage
3

0.07

-0.04

-0.14

-0.05

-0.08

-0.15*

Aggressive

0.09

0.03

-0.20**

0.08

Social
Manipulative

-0.01

-0.06

0.23**

0.04

-0.13†

0.01

-0.03

0.07

Lesion
score
Explorative

0.02

0.17*

-0.06

-0.09

-0.09

-0.05

Aggressive

-0.04

0.03

0.04

Social

-0.03

-0.08

-0.1

Manipulative

0.12†

0.1

0.09

0.1

0.03

0.02

-0.1

-0.15*

-0.17

0.14*

0.18*

-0.05

0.07

-0.08

-0.04

Aggressive

-0.04

0.11

-0.05

Social

0.04
-0.07

-0.07
-0.01

-0.07

Non-active
Stable
social
conditions
after
regrouping

Tail
damage
2

Lesion
score
Explorative

Non-active

Regrouping

Tail
damage
1

5-HT
uptake
Lesion
score
Explorative

Manipulative

-0.12
non-active
-0.18*
-0.04
0.08
Tail damage 1 = stable social conditions before regrouping, Tail damage 2 = regrouping and Tail damage 3 =
stable social conditions after regrouping. Black values indicate that the correlation was calculated between data
collected at approximately the same day or week, grey values are correlation between variables assessed at
different days or weeks.
† = P < 0.10
* = P < 0.05
** = P < 0.01
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5. Discussion
In this chapter, the results of this study are discussed and compared with previously performed
research. Behavioural observations are discussed first, followed by the results of the lesion score,
blood analysis and tail bite score.
5.1 Behavioural observations
Housing, (i.e. in this study absence or presence of straw bedding) did not significantly influence
aggressive behaviour under stable social conditions during any of the observation days. This is in
accordance with findings in earlier studies (Arey et al., 1998, Waran and Broom, 1993). When
enrichment was found to influence aggressive behaviour, this was in combination with extra space
allowance for animals housed enriched (Beattie et al., 2000). Like found in numerous other studies (for
instance Kelly et al., 2000, Burbridge et al., 1991 and Spoolder et al., 1995), explorative behaviour and
active behaviour in this study was shown more by animals housed enriched. Also, manipulative
behaviour was influenced by housing during this experiment. When housed in a barren environment,
the animals showed more manipulative behaviour. This is in accordance with findings in other studies
where it is concluded that straw provision helps decreasing manipulative behaviour directed towards
pen mates (Fraser et al., 1999, Burbridge et al., 1994 and Bolhuis et al., 2005).

SBV had no significant effects on the behaviours that were observed. This is contradictory to the
expected results where the heritable effects of pigs on the traits of their pen mates were expected to
be expressed in behavioural differences. This was expected because SBV is determined by heritable
weight gain effects of pigs on their pen mates, which could most likely be explained by behavioural
differences. In a study by de Vries (cited in Rodenburg, 2010), animals with a high SBV showed more
aggression during regrouping. Canario et al (2009) did a similar study and found similar results, but in
the current study no such result was found. The difference between the studies by Canario et al.
(2009), de Vries (cited in Rodenburg, 2010) and the current study is that their experiments did not
include barren vs. enriched housing. In the current study animals with a high and low SBV did not
cope with the environment in a different way, this suggests that the environmental effect ruled out the
SBV effect and that in this study, enrichment by straw was a more potent solution for manipulative
behaviour than SBV. It could also be that there was a behavioural difference, but that by grouping
behaviours, the scan sampling method or simply not including that behaviour in the ethogram, this
behavioural difference was not recorded. It could be that the animals did not show a difference in
agonistic behaviour but that they were more or less anxious, causing a more or less nervous
atmosphere in the pens. Thus behaviour or tests reflecting nervousness and anxiety could perhaps
be included in the future. The finding that SBV did significantly influence the internal parameters, i.e.
N/L ratio and serotonin, underlines this. It could also be true that the animals are more prone to show
more manipulative or aggressive behaviour when provoked to do so, but that the current environments
did not stimulate them enough to show this difference. Another explanation is that the number of
observations, or the number of animals was not sufficient to identify a distinct difference in behaviour
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between the two SBV groups. For instance Canario et al. (2009), used 1440 pigs in his study, in this
study 192 pigs were used.

5.2 Lesion score
Animals housed in a barren environment had fewer lesions during the stable social conditions before
regrouping. During regrouping, no significant effects of housing were found but after regrouping,
animals housed barren had fewer lesions again. These findings are not supported by the behavioural
observation data, as no significant influence of housing on aggression was found. This is contrary to
other research, where the number of lesions was positively correlated to the amount of aggressive
behaviour shown during regrouping (Turner et al., 2006, Barnett et al., 1992). In earlier studies by Arey
in 1998 and Waran and Broom in 1993, no influence of straw on aggression was found. In studies that
did find animals in enriched pens to show more aggressive behaviour, straw provision was limited
(Morgan et al., 1998), or the animals were floor-fed (Whittaker et al., 1999). This was not the case
during the current study. It could be that the scan sampling method used to measure behaviour was
not suitable to record aggressive behaviour. In other research, continuous observations are often used
to measure aggressive behaviour combined with lesion scoring (e.g. Barnett et al., 1996, Turner al.,
2006, O’Connel and Beattie, 1999). When using scan sampling with a 2 minute interval, aggressive
behaviour could be missed. As the amount of aggressive behaviour did not seem to be influenced by
the environment, the intensity may differ between housing or other causes may underlie this difference
in lesion score. In literature, some studies have not found a difference in lesion scoring between
barren and straw-enriched housing system (Scott et al., 2006; 2007). Munsterhjelm et al.(2009) found
a higher lesion score in straw enriched environments than in a barren environment during the nursery
phase. Their explanation is that the lesions could be caused by the fact that the animals in an enriched
environment were more active. During the current study, this could be the true as well.

During regrouping, no effect of housing was found. This is in line with earlier findings (Waran and
Broom, 1993; and Arey and Franklin, 1995) where pigs were used that were housed in a barren
farrowing pen, just like the pigs in the current study. But by starting observations during regrouping two
hours after the event, the most serious fights could have been missed and instead most of the
behaviour seen was due to exhaustion from fighting. In earlier studies (e.g. Erhard et al., 1997) the
first two hours after mixing were the target-hours to observe, and it is concluded that the majority of
fighting actively occurs the first two hours after regrouping (Luescher et al., 1990; Tan and Shackleton,
1990). Results that were found 2 h after regrouping showed that explorative behaviour and lesion
scoring were strongly negatively correlated and non-active behaviour and lesion scoring were
positively correlated. These results both indicate that animals that were less active during regrouping
had more lesions in this study. This might be due to the intense fighting the animals showed during
regrouping, which may have resulted in exhaustion and consequently in non-active behaviour between
two consecutive fights.
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SBV did not influence lesion scoring during this experiment. This is contradictory to the expected
results, and earlier findings. In an experiment by De Vries (cited in Rodenburg, 2010), 12 groups of
pigs were formed with a high social breeding value and 12 groups with a low social breeding value. In
this study, pigs with a high social breeding value had higher lesion scores, suggesting that they were
involved in more and more severe regrouping fights, while they fought less when the dominance order
had been established at 6 weeks post-mixing. Canario et al. (2010) did a similar experiment, but they
formed mixed groups of high and low SBV’s. They found similar results with the addition that animals
with a high SBV had more lesions to the rear part of their body three weeks post-mixing. This indicates
that animals with a high SBV in these studies fought more during regrouping, but less under socially
stable conditions indicating that their social hierarchy was more stable and therefore needed less
aggressive behaviour to secure under socially stable conditions. The study of Canario et al. (2010)
indicated that animals with a high SBV were bullied more often in socially stable conditions. The
difference in experimental set-up between the study of de Vries and Canario is that Canario mixed
high and low SBV, while de Vries separated them. This suggests that animals with a high SBV will
retreat from a fight, while animals with a low SBV do not and keep biting the back side of the high SBV
animals. These conclusions were not found during the current study, neither in the behavioural
observation data nor in the lesion scoring data. This could mean that the influence of housing
overruled the influence of SBV, as in the studies of de Vries and Canario no difference in
environmental enrichment between the treatment groups was present.
5.3 Blood analysis
5.3.1 Platelet serotonin uptake
The results of the current study show that housing did not influence platelet serotonin uptake. This is
as hypothesized, because housing was not suspected to influence serotonin uptake itself. Serotonin
uptake in animals was expected to make animals more prone to show certain behaviour during
stressful events, which may be evoked by the barren environment. Other aspects of the serotonergic
system like receptors and serotonin level may be influenced by housing, but serotonin uptake in this
study was not influenced by environment, only by genetics.
The uptake of serotonin in blood platelets was significantly influenced by SBV. Animals with a high
SBV had a lower serotonin uptake than animals with a low SBV. The method used during this
experiment was to measure serotonin uptake in platelets and to assess the relationships of serotonin
on behaviour. The most common used approach is to measure the level of serotonin in the CNS. But
there are restrictions on this method, for instance by the more invasive character of measuring brain
serotonin level compared to blood serotonin level. Therefore, in multiple studies blood serotonin levels
were used. In these studies significant correlations between blood serotonin level and aggression,
psychiatric disorders and other behavioural disfunctioning was found (Banki, 1978; Mann et al., 1992;
Quintana, 1992; Moffitt et al., 1998). This could be caused by the similar uptake in brain and blood
serotonin, which could mean that when uptake velocity is high in blood platelets, it is high in the brain
as well. This is underlined by the finding that alterations in blood serotonin have been found to
positively correlate with brain serotonin levels measured in rats (Malyszko et al., 1993) and the finding
28

that in mammals the brain serotonin transporter is identical to the blood platelet transporter (Lesch et
al., 1993). Also, studies have shown that the protein accountable for the uptake in the CNS, and in the
blood is synthesized by the same gene (Moreno et al., 2005). Therefore blood serotonin and its uptake
can be seen as a good biological marker for brain serotonin (Barrett et al., 2006), when comparing
blood uptake and behaviour.

In a study by Bolhuis et al., performed in 2009, chickens from a low mortality line were selected which
showed less feather pecking. These animals had a lower serotonin uptake and showed less anxiety
than control animals. This indicates that animals with a low SBV in this study may be more anxious as
well, and would react so when provoked to. A study by Oehrberg and Christiansen in 1995 showed
that treatment with paroxetine, which is a selective serotonin uptake inhibitor, significantly reduced the
amount of panic attacks shown by patients. This underlines the anxiety reducing properties of a lower
serotonin and with this a higher serotonin action. In platelet serotonin uptake, a higher serotonin
uptake in suicidal depressed and non-suicidal depressed patients was found when compared to
healthy controls (Roggenbach et al., 2006). The conclusion that could be drawn from this is that the
behaviour measured in this study was not affected by SBV, but based on the difference in 5-HT uptake
the animals with a low SBV might be more prone to show manipulative and aggressive behaviour and
to experience anxiety.
5.3.2 N/L ratio
Housing significantly influenced N/L ratio during life week 8, where animals in enriched housing had a
lower N/L ratio than animals in barren housing. This is as hypothesized and can be explained by a
lower stress level in animals housed in enriched environments. Even though N/L ratio is often used as
a measurement of acute stress, studies have indicated that chronic stress like social stress influences
N/L ratio as well (Hjarvard et al., 2009, Sutherland et al., 2006). In a study done by Nazar & Marin
(2011), Japanese quail exposed to a chronic stressor showed a significantly higher H/L ratio (N/L ratio
in birds) than animals that were not exposed to a chronic stressor. This indicated that N/L ratio is
influenced by chronic stress. Chronic stress induced by immobilisation for three hours a day during 11
days has been shown to decrease the number of lymphocytes and increase the neutrophil count in
rats (Steplewski et al., 1986). If this also holds for pigs, then the difference in N/L ratio, as mentioned
in paragraphs 2.2 and 5.1, could be caused by the fact that straw provided an outlet for highly
motivated foraging and exploration behaviour and prevented the redirection of this behaviour towards
pen mates. Studies have shown that the absence of enrichment is related to behavioural signs of
stress (Munstjerhelm et al., 2009). Animals housed barren have been found to experience more stress
when exposed to a stressor (de Jonge et al., 1996) and inability to show foraging and explorative
behaviour is experienced as a stressor for pigs expressed by the increase in abnormal behaviour
(Beattie et al., 2000, Zonderland et al., 2008, Munsterhjelm et al., 2009) which is shown in this study
as well. Therefore it works both ways; the animals themselves experience less stress because they
can show certain behaviour, which prevents them from manipulating other animals, who would have
been stressed by this attention.
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During this experiment, animals with a high SBV had a lower N/L ratio before regrouping than animals
with a low SBV. As mentioned above, chronic stress has been found to increase N/L ratio, this could
mean that animals with a low SBV during this study experienced more chronic stress than animals
with a high SBV. This was not directly supported by the behavioural observations, lesion scoring or tail
damage data, as SBV did not influence any of these variables. It must be noted though that N/L ratio,
like serotonin and all other physiological aspects, is a very complicated factor. It is influenced by
hormones and other parts of the immune system, making it difficult to draw a conclusion from the
results found.

De Jong and Leek (2004) found that N/L ratio increased when the animals were regrouped. In this
study, the opposite result was found as the N/L ratio decreased from before regrouping to regrouping
and rose again after regrouping. In earlier studies, it was indicated that higher N/L ratio was correlated
to acute stress (Wallgren et al., 1994, Puppe et al., 1997, de Jong et al., 1999 and Leek et al., 2004).
The difference with the current research and the previously mentioned studies is that they measured
N/L ratio on the day of the stressor. Puppe et al. (1997) measured N/L ratio 1 day before, on the day of
and 4 days after weaning. They found that 4 days after weaning the N/L ratio was returned to its
normal state as measured one day before weaning. Therefore the effect of regrouping on the animals
might be missed by measuring 3 days after the event. In the study mentioned earlier by Steplewski et
al.(1986), where chronic stress was inflicted on mice, it was found that 12 days after the stress period
the percentage of lymphocytes had increased above normal values and neutrophils significantly
decreased. This could be an explanation for the fact that N/L ratio was found to be lower 3 days after
regrouping; an overcompensating process of increasing lymphocytes and decreasing neutrophils
might have been measured. Therefore, in future research it will be important to sample the blood on
the same day of regrouping to be able to measure the exact effect. The change in N/L ratio is
significantly influenced by SBV when looking at stable social conditions before regrouping to
regrouping. The difference in N/L ratio during the stable social conditions before regrouping and during
regrouping was greatest in animals with a low SBV. Therefore it seems likely that the regrouping test
had a greater impact on animals with a low SBV than on animals with a high SBV. When looking at the
different batches, a distinct difference in N/L ratio’s during regrouping was visible. The N/L ratio of
batch 1 was higher than batch 2 (data not shown). This could be due to the fact that the animals from
batch 1 received antibiotics for respiratory problems in their ninth week of life, in between the first two
blood sampling moments for respiratory problems. Another cause could be that animals in batch 1
were older when they were regrouped, causing them to be heavier, and fight more intensely which
caused some pigs to become lame. Another explanation could be a subclinical infection of the lesions
due to regrouping; this has been known to cause more inactive behaviour (sickness behaviour,
reviewed by Dantzer et al., 2004).
A positive correlation was found between non active behaviour measured during regrouping and N/L
ratio at day 3 after regrouping. A conclusion could be that animals that were less active during
regrouping experienced more stress until 3 days after regrouping. But related to the finding that lesion
score and non-active behaviour were positively correlated during regrouping could mean they fought
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more during regrouping, could have caused this positive correlation between non active behaviour and
N/L ratio.
5.4 Tail bite scores
The tail bite score differed between barren and enriched housing during this experiment. In enriched
housing, the mean tail damage score was lower than in barren housing. This is supported by literature,
where enrichment like straw serves as an outlet for exploratory behaviour. When not given the
opportunity to forage and root, animals can become frustrated and redirect this behaviour towards pen
mates (Young et al., 1994, Day et al., 2002, Beattie and O’Connell, 2002, Munsterhjelm et al., 2009
and McKinnon et al., 1989).

During regrouping, tail damage was negatively correlated with lesion scoring. This indicates that the
animals that received a lot of aggressive behaviour (which could be due to mutual fighting), received
less tail biting behaviour. Lesion score measured at 17 weeks of age correlated positively with tail
damage measured at 8 and 11 weeks of age. This could mean that aggression increases together
with manipulative behaviour. From these findings it should not be concluded that barren environments
cause more pigs to show tail biting behaviour, as one pig can cause a lot of tail damage (Zonderland
et al., 2008). Therefore the conclusion should be that barren housing is related to more tail damage.

SBV did not significantly influence tail damage score. This is in accordance to the finding that
manipulative behaviour was not influenced by SBV. As mentioned earlier, SBV did not affect any
behaviour, which is in line with these findings. An interaction between housing and SBV was not found
either, which could be caused by the finding that SBV did not influence tail damage and therefore
there was no effect to interact with.
5.5 Aggressors and receivers
When looking at the characteristics of aggressors and receivers, N/L ratio did not differ significantly.
Serotonin uptake was significantly higher at 17 weeks of age in receivers than in non-receivers of
aggression. Soubrié (1986) reviewed that blocking the serotonin transmission was related to more
impulsive animals that act with aggression earlier. As receivers showed less aggression, possibly
related with their lower serotonin uptake, this could mean they retreated from a fight more than nonreceivers did and got bitten in the rear part of their body causing lesions there. Tail damage was lower
in receivers than in non-receivers, which indicates that animals that received a lot of aggression had
less tail damage. This could mean that the animals avoid pen mates, do not lay in close proximity to
pen mates which means their tail will get bitten less as well.

Just after regrouping aggressors showed significantly less explorative behaviour than non-aggressors.
As has been shown in the lesion score results, non-active behaviour and less explorative behaviour
was related to higher levels of aggression. Therefore the finding that aggressors showed less
explorative behaviour could be due to the animals fighting more, which exhausts them and decreases
the amount of explorative behaviour shown.
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6. Conclusion
The main conclusion that can be drawn from this study is that animals diverging in SBV did not
significantly differ in home pen behaviour, lesion scores or tail damage. Pigs with a relatively high vs.
low SBV did differ, however, in platelet serotonin uptake and N/L ratios. It is possible that the sample
size was too low to reveal behavioural differences in the high and low SBV pigs, but it could also be
that the behavioural difference was not recorded. Therefore in future research an anxiety test could be
useful to test whether the behavioural difference lies in anxiety. This anxiety test could best be done in
the home pen of the animals, to not only examine the individual reactions of the animals but their
reaction as a group as well. The anxiety test could be performed by simply letting someone walk into
the home pen of the animals and then recording their reactions like vocalisations and behaviour.

Housing did, as expected, highly influence behaviour where enrichment largely prevented tail damage
and manipulative behaviour and stimulated active and explorative behaviour. Aggressive behaviour
under stable social conditions, as measured by lesion scores was influenced by housing as well, but
unlike expected, animals in barren housed had less lesions than animals in enriched housing
Housing was found to have a greater impact on behaviour during this experiment than SBV. This
indicates that, supported by the absence of interactions between SBV and housing, high and low SBV
animals did not cope with a barren of enriched environment differently.
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Appendix
I

Ethogram instantaneous scan sampling

II

Tail bite score

III

Determining Aggressors and Receiver classes

IV

Correlation table

I Ethogram scan sampling
Code
SS

Behaviour
INACTIVE
Sleeping

LL

Lying inactive

ST

ACTIVE
Standing

WW

Locomotion

KK

Sitting

CB

Comfort behaviour

PO

Urinate/defecate
Feeding
Eating feeder
Drinking
Pen directed
Nosing floor
Nosing object
Rooting
Rooting object
Chewing
Chewing object
Chewing toy
SOCIAL
Aggressive
Fighting

EE
DD
NN
NO
RR
RO
CH
CO
CT

FF
HH
BB
FE
GA
PL
SP
NB

Head knock
Bite
Fighting at feeder
Social
Play behaviour

BN

Play individually
Substrate play
Nosing head or
body
Nose contact
Mounting
Manipulative
Belly nosing

TB
EB
MM
XX

Tail biting
Ear biting
Manipulating other
Extra

NC
MO

Recipient

Description
Lying without performing any other described behaviour,
eyes closed.
Lying without performing any other described behaviour,
eyes opened.
Standing without performing any other described behaviour
Walking or running without performing any other described
behaviour
Sitting or kneeling without performing any other described
behaviour
Rubbing body against objects or pen mate, scratching body
with hind leg or stretching (part of) body.
Piglets urinates or defecates
Eating at feeder
Drinking from drinking nipple
Sniffing, touching or scraping floor
Nosing above floor level (e.g. walls)
Rooting pen floor or in straw
Rooting above floor level (e.g. walls) or object
Non-feed chewing (e.g. air, dung) or chewing straw
Chewing object or part of pen above floor level
Chewing toy (chain with ball or jute bag)

# pig
# pig
# pig
# pig

# pig
# pig
# pig

# pig
# pig
# pig
# pig

Ramming or pushing a pen mate with or without biting the
pen mate. Can be either mutual or individual.
Head knock given at place other than feeder
Bite given at other place than feeder
Push, head knock or bite given at feeder
Group wise gambolling, pivoting: running around the pen,
sometimes with gently nudging of pen mates
Pivoting or gambolling without other pen mates
Playing with substrate like straw
Touching/sniffing any part of a pen mate except nose
Mutual nose contact
Standing on hind legs while having front legs on other pig’s
body
Rubbing belly of a pen mate with up and down snout
movements
Nibbling, sucking or chewing the tail of a pen mate
Nibbling, sucking or chewing the ear of a pen mate
Nibbling, sucking or chewing part of the body of a pen mate
Possible to fill in when piglet is missing

II Tail bite score

III Determining Aggressors and Receiver classes
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Figure A , lesion scores on the front part of the body
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Figure B, lesion scores at the rear part of the body
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Figure C, lesion scores at the front part of the body
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Figure D, lesion scores at the rear part of the body

Above, the scatter plots of the lesion score data can be seen. Figure A and B contain the lesion
scores measured before and after regrouping, during the steady stages (LS3 and LS5). Figure C
and D show data collected the day after regrouping. The following limits for aggressors and
receivers were made based on the figures above:
•

Aggressors during steady stages: more than 8 lesions on the front of the body

•

Receivers during steady stages: more than 6 lesions on the rear part of the body

•

Aggressors during regrouping: more than 60 lesions on the front of the body

•

Receivers during regrouping: more than 40 lesions on the rear part of the body

IV Correlations table

5ht uptake
nl ratio1
nl ratio2
nl ratio3
LS3
LS4
LS5
explo1
explo2
explo3
aggr1
aggr2
aggr3
social1
social2
social3
man1
man2
man3
nonact1
nonact2
nonact3
tail dam1
tail dam2

NL
ratio1

nl
ratio2

nl
ratio3

0.20**

0.25***

0.08

-0.11

0.06

0.07

0.27***

-0.01

-0.13†
0.24***

-0.09

-0.02

-0.03

0.12†

-0.01

-0.04
0.02

0.15*

0.06

LS3

LS4

LS5

tail
dam1

tail
dam2

tail
dam3

explo1

explo2

explo3

aggr1

aggr2

aggr3

social1

social2

social3

man1

man2

man3

nonact1

nonact2

nonact3

-0.18*
0.29***
0.27***

-0.12

0.17*

-0.07

0.02

-0.01

-0.08

0.03

0.05

0.08

0.07

0.17*

0.20**

-0.17*

-0.11

-0.10

-0.15*

-0.168

-0.09

0.16*

0.03

-0.04

0.03

-0.15*

0.00

0.09

0.05

0.07

0.00

0.27***

-0.08

-0.12†

0.00

0.00

0.04

0.06

0.22**

-0.07

-0.03

-0.01

-0.01

0.10

0.10

0.21**

0.00

0.09

0.23**

-0.35***

-0.13†

-0.01

-0.09

-0.03

-0.10

0.11

0.04

0.05

0.09

0.08

-0.01

-0.09

0.02

0.06

0.05

0.02

-0.08

-0.13†

-0.03

-0.07

0.09

0.11

0.03

0.20**

0.32***

0.11

-0.14†

0.08

0.07

-0.07

0.03

0.04

0.06

-0.05

-0.09

-0.02

-0.30***

0.01

0.00

-0.03

-0.04

-0.07

0.02

-0.22**

-0.03

-0.03

0.09

-0.02

-0.05

-0.18*

-0.04

0.15*

-0.08

0.00

0.02

0.25***

0.06

0.02

0.11

-0.06

0.07

0.06

0.12

0.10

0.00

-0.02

0.07

0.02

0.15*

-0.17*

-0.05

0.15*

-0.05

-0.25***

-0.11

0.06

-0.03

-0.16*

0.35***

-0.18*

0.18*

0.10

-0.04

0.22**

0.10

-0.06

-0.13†

-0.05

-0.06

-0.90***

-0.03

0.11

-0.05

-0.08

-0.15*

-0.01

-0.04

-0.15*

0.11

0.11

0.37***

0.14†

-0.10

0.10

0.09

-0.30***

-0.67***

-0.07

-0.09

-0.18*

-0.05

0.01

-0.04

-0.02

-0.01

0.00

0.21**

-0.03

0.01

0.19*

0.21**

-0.14†

-0.79***

0.07

-0.08

-0.04

0.06

0.01

0.00

-0.09

-0.03

0.07

-0.10

-0.06

-0.23**

0.07

0.02

0.09

0.03

-0.04

-0.04

0.09

-0.03

-0.14†

0.10

0.05

-0.12

-0.16*

0.05

0.09

-0.04

0.03

0.04

0.08

0.06

0.10

-0.05

0.02

0.07

0.01

-0.02

-0.13†

0.15*

0.11

-0.05

0.06

0.02

0.22**

0.01

-0.01

-0.28***

-0.08

0.02

0.08

0.23**

-0.06

0.11

-0.01

0.11

0.18*

-0.11

-0.40***

-0.03

-0.08

-0.10

0.06

0.00

0.35***

0.03

-0.19**

-0.05
"0.43***

-0.03

-0.05

-0.09

0.16*

-0.07

-0.03

-0.02

0.05

0.23**

0.28***

0.12

-0.04

0.02

-0.16*

0.03

0.18*

0.19*

0.09

0.10

-0.26***

-0.35***

-0.05

-0.12

-0.13†

0.02

-0.15*

0.01

-0.03

0.07

0.10

0.21**

0.14†

-0.04

0.09

0.15*

0.45***

0.14†

0.17*

0.13†
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