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GENERAL INTRODUCTION

Tail biting is a widespread behavioural disorder in modern pig housing systems (Schrgder-
Petersen and Simonsen, 2001). This abnormal behaviour was already known at the beginning
of the 19th century (Sambraus, 1985), where cold stable climate and a lack of bedding were
detected as causes, but it only became a problem in the 1950s (Schrgder-Petersen and
Simonsen, 2001). The prevalence of tail lesions on pig farms ranges from 25 to 75 %
depending on docking status, age and housing, and management conditions (Larsen et al.,
2018; Naya et al., 2018; Ursinus et al., 2014, Valros et al., 2004, Veit et al., 2016). Although
research has been going on for many years, no solution has been found to prevent tail biting

so far.

In general, tail biting describes the oral manipulation of a pig’s tail by another. Different types
of tail biting are described throughout literature which are discernible by the method of biting
as well as multifactorial causes (Taylor et al., 2010). Tail biting results in tail lesions that range
from tooth imprints to lesions with or without inflammations (Schrgder-Petersen and Simonsen,
2001). One of the most common methods to reduce tail biting behaviour and tail lesions, is tail
docking. By docking the tail, a higher sensitivity in the remaining part of the tail is reached and
additionally, it is harder for the pigs to take hold of (Simonsen et al., 1991). Although routine
tail docking is banned in the EU (Council of European Union, 2008), it is still used. The acute
welfare risks of this amputation such as the development of neuroanatomical changes, e.g.
the formation of neuromas (Herskin et al., 2015), seem to be less important than the long-term
welfare risks from tail biting (Nannoni et al., 2014). Nevertheless, the reduction of risk factors
seems to be the more sustainable strategy against this abnormal behaviour, particularly with
regard to animal welfare (Nannoni et al., 2014). Tail biting has multifactorial causes and many
factors need to be considered to reduce it. A distinction between acute and chronic risk factors
is required (Valros, 2018). The chronic factors include the housing system (e.g. Schrgder-
Petersen and Simonsen, 2001), feeding (e.g. Valros et al., 2016), space allowance (e.g.
Munsterhjelm et al., 2017), sex (e.g. Zonderland et al., 2010b) and genetics (e.g. Breuer et al.,
2005). Acute risk factors comprise sudden changes in the environment of the pig, such as
changes in temperature or air quality or interruptions to the normal feeding pattern due to
feeder malfunction (Valros, 2018). The possible consequences of tail biting affect animal
welfare due to the fact that the pig may partly or completely lose the tail (Veit et al., 2016) and
suffer from pain (Harley et al., 2014). Furthermore, it can reduce production efficiency, increase
on-farm costs (e.g. labour and treatment costs) and lead to a variety of physical lesions and
carcass condemnation resulting in financial losses for the farmer and the abattoir (Harley et
al., 2014; Zonderland, 2010a).



Tail biting and its risk factors are well known in pig husbandry; studies have shown that it can
especially be reduced by housing and management decisions (EFSA, 2007). The development
of a suitable farrowing system for piglets, sow and farmer is already challenging (Baxter et al.,
2011). There are various conflicts of interest of animal needs and economic concerns, such as
space for the sow, nest building and piglet survival, which need to be solved by appropriate
pen design (Baxter et al., 2011). Raising piglets in systems like a conventional farrowing crate
can influence the subsequent cognitive abilities of pigs (de Jong et al., 2000) and their ability
to cope with stressful situations (de Jonge, 1996). Moreover, the rearing environment is
important in the development of abnormal behaviour patterns (Schrgder-Petersen and
Simonsen, 2001). Pigs that are housed with less stress have a lower frequency of tail biting
than pigs reared in conventional systems (Ekkel et al., 1995). Furthermore, an increased space

allowance reduces the number of tail lesions (Munsterhjelm et al., 2015).

The aim of the present dissertation

The aim of the present dissertation was to evaluate the effect of different farrowing and rearing
systems on tail lesions and losses of rearing and fattening pigs. The focus was to investigate
the differences of docked and undocked animals. The farrowing systems differed in the
possibilities to provide social interaction of the piglets among each other and with the sows.
The rearing systems differed regarding the management of regrouping, the space allowance

and the composition of the groups (single sex/mixed sex).

Paper One describes the differences in tail lesions and losses of docked and undocked pigs
during rearing and fattening period. The pigs were housed in one of three farrowing and two
rearing systems. A weekly tail scoring, which started after weaning, showed the development

of tail lesions and losses.

Paper Two examines the animal individual differences of pigs with tail lesions. Different
intensities of lesions were weighted by a lesion parameter and grouped afterwards. In a
subsequent cluster analysis, the different characteristics of animals without or with a high

occurrence of lesions were identified.

Paper Three investigates the long-term effects of artificial rearing during the nursery period.
The analysis focused on tail lesions and losses, skin lesions and performance traits. The

motherless rearing system was compared to a conventional farrowing crate.

Paper Four deals with a comparison of two video analysis methods. The activity behaviour of
rearing pigs, which might be a predictor for tail biting, was evaluated by a manual as well as

by automated video image analysis.
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LITERATURE REVIEW — BACKGROUND OF TAIL BITING

Tail biting is an animal welfare problem and much research has been carried out in recent
years, especially due to the prohibition of routine docking (Valros, 2018). Most types of farms,
including organic (Bracke et al., 2013) or outdoor housing systems (Walker and Bilkei, 2006)
are affected as well as all ages from the suckling phase to the end of fattening. Both undocked
and docked pigs can receive tail lesions, therefore it is important to take measures to keep the

lesions at an acceptable level (Valros, 2018).

A tail biting outbreak is defined in several ways: Beattie et al. (2005) describe it as an “oral
manipulation of a pig’s tail by another”, Statham et al. (2009) use “blood from damaged tail(s)
seen in the pen” as definition, Zonderland et al. (2011b) define it as “at least one pig with a tail
wound or at least two pigs with bite marks” and Wallenbeck and Keeling (2013) worked with
“when the first pig in a pen was treated for tail damage due to tail biting”. Usually definitions
include oral contact between the mouth of one pig and the tail of another, which causes varying

degrees of lesions depending on the definition.

Types of tail biting

Taylor et al. (2010) divided tail biting into three types: two-stage, sudden-forceful and
obsessive. Two-stage tail biting includes the pre-damage phase, where the pigs are usually
lying. One animal has the other’s tail in its mouth but does not hurt it. Injuring the tail is part of
the damaging phase, where they bite, and the tail can bleed (Schrgder-Petersen et al., 2003).
The reason for this behaviour is mostly a lack of enrichment material and can be averted by
adding chewable material (Beattie et al., 2001; Zonderland et al., 2008) The second type,
“sudden forceful”, describes an active and usually standing biter (van Putten, 1969). The
victim’s tail shows wounds and a partial or a complete loss (van Putten, 1969). This type is
caused by inadequate access to resources and can be solved by removing the biter or
improving access to feeding and water (Moinard et al., 2003). Obsessive tail biting is repeated
grabbing and yanking resulting in wounds with partial or complete loss (Beattie et al., 2005). It

might be caused by a genetic disposition, but this has not yet been proved.

Prevalence of tail biting on farms

Tail biting is a widespread behavioural disorder on pig farms. After weaning, tail biting occurs
mainly from the middle of the rearing period and then affects up to 72 % the undocked pigs
(Naya et al., 2018; Veit, 2016). Zonderland et al. (2010) investigated how many rearing days
are needed until 40% of the pigs suffered tail lesions and found an average of 16 days.
Regarding the fattening period, Larsen et al. (2018) compared the incidence of tail lesions for
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docked pigs (28.33 %), where one third of the group was affected, and undocked pigs (73.08
%), where more than two thirds of the animals had a lesion. Ursinus et al. (2014b) investigated
the prevalence of tail lesions in sows and they detected that 30 % of the pigs had tail wounds.
Concerning the prevalence of tail lesions on abattoirs, pigs operated by 479 farms in Finland
were evaluated and produced a value of 34.6 % injured tails (Valros et al., 2004). Although the
prevalence of tail biting is high, there is no general monitoring system for the level of tail biting

in the European Union so far (Spoolder et al., 2011).

Spread of tail biting in a pen

Tail biting starts with one biting pig in the pen and can spread very quickly (D'Eath et al., 2014).
Small bite marks develop into clearly visible lesions on average within seven days (Zonderland
et al., 2011a). The spread can involve an existing victim or different pigs in the pen can be
bitten. Moreover, several biters can be identified while copying the biting behaviour of the first
one (Blackshaw, 1981), while the number of new biters can vary (D'Eath et al., 2014). Tall
biting outbreaks are comparable to a disease and can occur in a sporadic way (Blackshaw,
1981).

Prevention of tail biting

Tail docking is used to prevent tail biting ( Nannoni et al., 2014; Schragder-Petersen and
Simonsen, 2001). It is a procedure where the length of the tail is reduced by using side-pliers,
scissors, a scalpel blade, or gas-/electrical cautery iron while the remaining stump is supposed
to be long enough to cover the vulva in females or the equivalent length in males (Sutherland,
2015). Tail docking causes acute pain; neuromas and abscesses can occur which cause
chronical pain and discomfort over longer time (Herskin et al., 2015). In addition to pain, the
docked animals also show changes in behaviour, including reduced explorative behaviour
(Scollo et al., 2013). Previous studies have shown a reduction in tail biting by docking but
prevention could not be achieved ( Moinard et al., 2003; Schrgder-Petersen and Simonsen,
2001; Sutherland, 2015).

Since routine tail docking is prohibited in the European Union (Council of European Union,
2008) there is a need to prevent tail biting outbreaks without docking (Larsen et al., 2016). One
way of avoiding tail biting is animal monitoring and the detection of indicators for the prediction
of future tail biting such as behavioural changes (Larsen et al., 2016) (see section Prediction
of tail biting). Early detection would allow a reaction of the farmer, who could possibly avert tail
biting activity. Another method is to eliminate the risk factors which cause the problem (EFSA,
2007; Taylor et al., 2012). Nevertheless, tail biting is a multifactorial problem and the

elimination of one factor is not sufficient (Schrgder-Petersen and Simonsen, 2001).



Risk factors for tail biting

Although there are risk factors which affect the start, the triggering causes can be mixed, which
makes it difficult to determine the actual reason (D'Eath et al., 2014). Under natural conditions,
pigs spend most of their active phases in search of feed by rooting and exploring (Studnitz et
al., 2007). They are omnivorous and move over long distances to satisfy their specific needs
(Studnitz et al., 2007). Today, animals are kept under completely different conditions, but they
still spend about three quarters of the day in the light periods foraging and exploring the
surroundings (Stolba and Wood-Gush, 1980). Hence, domesticated pigs are challenged to fill
their available time with a limited number of behavioural patterns compared to wild animals
which allocate different behaviours within a limited amount of time, thereby making sure they
fulfil needs such as feeding and reproducing (Hughes and Duncan, 1988). Due to the limited
conditions in indoor housing systems, the risk factors leading to tail biting are multifactorial
(D'Eath et al., 2014). The risks can be divided into chronic and acute factors (Valros, 2018).

Chronic risk factors

Chronic factors comprise, inter alia, housing system, feeding, space allowance, sex and
genetics. They are based on housing and management routines of a farm, though they are
more predictable than acute factors (Valros, 2018). In addition, it is often not possible to change
fundamental things (e.g. continuous providing of straw) in indoor housing systems, at least not

from an economic point of view (e.g. decreased stocking density) (Larsen et al., 2016).

Husbandry systems and enrichment

Husbandry systems, especially during rearing period, have been identified as relevant factors
concerning the development of abnormal behaviour (Schrgder-Petersen and Simonsen,
2001). Tail lesions, which have been scored during fattening, can refer to several factors of
early housing conditions such as for example the number of feeding places per animal or the
percentage of floor space covered with slats during the suckling period as well as feeding type
and feeding spaces during rearing (Smulders et al., 2008). An enriched environment during
weeks four, seven and eighteen lead to less tail biting in comparison to conventional pens
(Petersen et al., 1995). Furthermore, a reduction in stress by reduced regrouping, reduced
transports, adequate feeding, additional provision of straw and optimal climate decrease the
tail biting level (Ekkel et al., 1995). Besides management, the flooring of the husbandry system
is also related to the incidence of tail lesions (Schrgder-Petersen and Simonsen, 2001). The
risk increases with fully or partly slatted floors in comparison to solid ones (Moinard et al., 2003;
Schrgder-Petersen and Simonsen, 2001). Slatted floors are permeable to a higher level of
harmful gases (Schrgder-Petersen and Simonsen, 2001; van Putten, 1969); additionally the

low level of bedding has a negative effect on the well-being of the animals (EFSA, 2007).
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Although deep, straw bedded systems are not the best way to prevent tail biting either, Hunter
et al. (2001) showed that the daily offer of straw keeps the interest of the animals and provides
for less biting compared to permanent or no straw provision. Manipulable material as straw or
else wood is considered to be very important to enrich the environment and therefore reduce
tail biting (EFSA, 2007). Rooting behaviour is a natural need of pigs and if they cannot satisfy
it with bedding material, they will look for alternatives, which could be enrichment material or
in the worst case the tail of a pen-mate (EFSA, 2014). For this reason, there is also a need for
enrichment materials in conventional systems to keep the pigs occupied, although the bedding
type is considered to be more important (Valros et al., 2016). The material needs to fulfil a
number of requirements in order to be beneficial and not harmful (EFSA, 2014). Therefore, it
has to be safe for the pigs, deformable and moveable by pig manipulation, multifunctional and
have feed-related properties, such as smell, taste and nutritional value (EFSA, 2014). For
hygienic reasons and to ensure that the animals do not lose interest, it should be replaced and
renewed regularly. Ursinus et al. (2014b) showed that jute bags reduce tail biting in pigs during
rearing. Telkdnranta et al. (2014) detected that the use of fresh wood attached to chains was
preferred to bare chains and that the incidence of tail biting could be reduced as well. The use
of nutritious enrichment materials such as wood shavings or straw is advantageous due to the
additional utilisation as bedding material. In addition, the digestive tract of the animals is

stimulated if the animals ingest fibrous materials (Schrgder-Petersen and Simonsen, 2001).

Feeding

Feeding-related issues are very important to avoid tail biting (Valros et al., 2016). The structure
of the feeding, the components and the feeding method are of significance here. Increased
numbers of tail lesions were detected by Hunter et al. (2001) for pigs fed by pelleted diets in
comparison to liquid-fed pigs. In contrast, Palander (2016) investigated a higher risk for liquid
feeding. The reason for the inconsistent findings is the variability of quality and contents at
liquid feeding compared to pellet feeding (Palander, 2016). Various studies have considered
energy, protein fibre and minerals within the feeding to be important in relation to tail biting
(D'Eath et al., 2014; Schrgder-Petersen and Simonsen, 2001; Valros et al., 2016). However, it
has not been possible to prove that certain components have certain consequences (Valros,
2018). Previous findings have shown that a lack of minerals increases the attractiveness of
blood (Fraser, 1987), a higher amount of tryptophan is related to reduced biting prevalence
(Martinez-Trejo et al., 2009) and Palander (2016) found a negative effect of wheat in a diet of
weaners. Nevertheless, the method of feeding appears to be a risk factor as well. Limited
space at the feeder leads to increased tail biting as a result of rank fights (Hunter et al., 2001).
The competition of pigs who want to eat simultaneously leads to frustration and to the “sudden
forceful” type of biting (Taylor et al., 2010). Sutherland et al. (2009) showed that 30 % of tall



biting occurred at the feeder. In addition, a restriction of the space at the feeding trough led to
health-related consequences as a reduced level of essential amino acids in the blood, as well
as changes in the intestinal wall structure (Palander et al., 2013). Although the feeding was ad
libitum, the lack of space meant that some animals ate less, which caused frustration (Palander
et al., 2013). Moinard et al. (2003) detected a correlation of tail biting to pigs per feeder space

and animal density in the pen; thus, more space means fewer behavioural abnormities.

Space allowance

A reduced space allowance, lower than those currently recommended in the European Union,
leads to an increase in tail lesions (Krider et al., 1975). With more than 110 kg/m? during the
rearing period (Moinard et al., 2003) and with less than 0.31 m?for growing pigs (30 — 40 kg)
(Goossens et al., 2008) the risk of tail lesions increases significantly. Munsterhjelm et al. (2017)
showed a reduction in the prevalence of tail lesions with increasing space from 0.7 to 1.5 mZ.
Insufficient space can have a negative effects for heavy pig production of fattening pigs until
up to 170kg in particular (Scollo et al., 2016). In addition, the shape of the pen has an effect
on the aggressive behaviour of the animals; it has been shown that rectangular pens reduce
aggressive behaviour and increase animal welfare in comparison to square pens (Barnett et
al., 1993).

As the space allowance affects the level of animal welfare, the Federal Ministry of Food and
Agriculture of Germany has started to develop a national animal welfare label for pigs (BMEL,
2019). For fattening pigs from 50-110 kg, there will be three different levels, concerning, on the
one hand, the space allowance of the pigs and, on the other hand, the structure of the housing
environment (BMEL, 2019). The legal minimum space requirement for fattening pigs in this
weight class (50-110kg) is 0.75m. At the first level, the pigs receive 20% more space (0.9m?),
at the second level, they receive 47% more space (1.1m?) and at the third level they receive
twice as much space (1.5m?), including 0.5m? of exercise area (BMEL, 2019). Considering the
previous research findings (Munsterhjelm et al., 2017), level three in particular would reduce

the risk of tail biting considerably.

Sex

Castrated pigs tend to be tail bitten more often than females. Especially if the number of
females in the pen is higher, the risk of castrate victims increases (Kritas and Morrison, 2004).
In female, single-sex pens, the number of biting pigs is higher than in pens with only males
(Zonderland et al., 2010). The increased female interest in the ano-genital area of other pigs
due to the beginning of sexual maturity at the end of rearing and the generally higher activity

level are reasons for the inclination to more tail biting (Sambraus, 1985; Schrgder-Petersen
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and Simonsen, 2001). Zonderland et al. (2010) found that females tend to bite in the first month

after weaning.

Genetics

Whether a pig could be a biter or a victim is suspected to be influenced by their genetics in
many studies, but has not yet been proven (Valros, 2018). Taylor et al. (2010) assume genetic
causes, especially for the “obsessive” type of tail biting. Sambraus (1985) suspected that the
selection of breeding on certain carcass traits was a reason for more pronounced tail biting. A
tendency of certain breeds to bite their tails has also been detected in other studies. Yorkshire
pigs have a higher prevalence to suffer tail lesions than Landrace pigs and, in reverse,
Landrace pigs are likely to be biters (Breuer et al., 2005; Sinisalo et al., 2012). Duroc pigs are
considered as biters compared to the other two breeds. Additionally, they spend more time on
manipulable enrichment material. (Breuer et al., 2003). A heritability of tail biting could not be
established, even if Breuer et al. (2005) found a significant effect for Landrace. However, the
propensity to bite seems to be related to a tendency to grow rapidly and with high leanness
(Breuer et al., 2005; Ursinus et al., 2014b). Biters are phenotypically heavier and victims have
lower backfat values (Ursinus et al., 2014b). In addition, Sinisalo et al. (2012) found a lower
genetic growth potential for pigs with tail lesions. In a selection of indirect genetic growth
effects, Camerlink et al. (2015) were able to show less tail biting and a reduction in the
manipulation of enrichment material. Besides the correlation to performance traits, there is also
a connection to explorative behavioural patterns of potential biters and victims of tail biting
(Brunberg et al., 2013). However, Brunberg et al. (2013) found that biters and victims differ
less genetically from each other than neutral animals, which might be important in finding a

tail-biting-resistant genotype (Valros, 2018).

Acute risk factors

Acute risk factors are less predictable than chronic factors and include indoor climate,
temperature and the health status of the pigs (Valros, 2018). These parameters involve

spontaneous changes which cause stress (Weary et al., 2008) and therefore induce tail biting.

The stable climate, which includes stable temperature, good air quality and regular ventilation,
may have an effect (Schrgder-Petersen and Simonsen, 2001). Farmers ranked managing air
movements, air quality and appropriate temperature in the pen among the top ten factors to
avoid tail biting (Valros et al., 2016). Since inducing inadequate climate, as van Putten (1969)
did, is not conducted nowadays, findings concerning climate are based on measurements
obtained during the research of other parameters. Spontaneous changes in temperature, for

example, have been observed as a trigger for tail biting (D'Eath et al., 2014). Poor air quality
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and non-detectable air movements are known to be a reason for tail biting in heavy pigs (Scollo
et al., 2016).

The health status of the pigs is also affected by the stable climate (Valros et al., 2016). The
number of tail lesions is higher in groups which suffer from respiratory diseases or rectal
prolapses (Moinard et al., 2003). Moreover, D'Eath et al. (2014) summarised that vaccinated

animals have a lower tail biting risk through reduced risk of emergent diseases.

Prediction of tail biting

The prediction or early discovery of a tail biting outbreak leads to effective intervention (Valros,
2018). Behaviours which have been found to change before an outbreak occurs exist as
increased activity level, increased interactions with enrichment material, and a changed
proportion of tail posture (more tails hang down or are caught between the legs) (Larsen et al.,
2016). Especially the increased activity level has been discussed as a reliable prediction tool
in some studies (Statham et al., 2009; Ursinus et al., 2014a). Furthermore, intensive chewing
of enrichment material or parts of the body of the pen-mates has been observed as a typical
sign of a pending outbreak (Ursinus et al., 2014a). The well-being of the pig can be concluded
from the tail posture. The position of the tail — whether it is curled up or hangs down — can
predict also tail biting (Statham et al., 2009; Zonderland et al., 2009). D'Eath et al. (2018) found
a method using time-of-flight 3D cameras and machine vision algorithms to detect low tail
posture. Increasing low tail posture in the pen can be a sign of an upcoming tail biting outbreak
(D'Eath et al., 2018).

Also, feeding behaviour can be an indicator of tail biting. Especially automatic systems, where
the visits of the individual animals can be recorded, are suitable for prediction. Low feeding
frequencies of the whole pen can predict future tail biting nine weeks before an outbreak
(Wallenbeck and Keeling, 2013). In contrast, increased feeding frequencies for individual pigs
show potential victims but after tail biting occurred, these victims decreased their amount of
feeding (Wallenbeck and Keeling, 2013). There are investigations into the use of cameras in
combination with computer vison algorithms to detect pig behaviour (Oczak et al., 2014). The
advantages of an automated system are low workload, precise analysis, continuity and non-
invasiveness (Rushen et al., 2012). The prediction of the behavioural disorder tail biting by an
automatic warning system has not yet been successful but might be possible with further

research (Larsen et al., 2016).
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Research factors of the present dissertation

Tail docking is painful and cannot prevent tail biting, but being bitten is hurtful as well, in
addition it can happen repeatedly (Valros, 2018). For undocked pigs, there is a higher risk of
being bitten, but there is also the possibility of no painful tail lesions. In contrast, docked pigs
suffer from docking pain and might be bitten (Valros and Heinonen, 2015). Alternative
farrowing systems such as free farrowing pens or group housing systems offer more comfort
for the sow and opportunities for early socialisation for the piglets (D’Eath, 2005). The housing
environment during the suckling period affects the behaviour of the pigs in later life as well as
docking (Ekkel et al., 1995; Weary et al., 2008). Socialised piglets, which grew up in a loose
housing system, are able to cope with stress easier (Oostindjer et al., 2011). Furthermore, the
rearing environment influences the behaviour of the pigs (Petersen et al., 1995; Schrgder-
Petersen and Simonsen, 2001). Consequently, the docking status as well as the farrowing and
rearing system has an effect on pigs’ behaviour. However, it has not previously been
investigated how far undocked and docked animals differ in their tail biting behaviour and
whether statistically significant effects of the housing systems during nursery, rearing and

fattening period can be detected.
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Abstract

This study aimed to investigate the effects of farrowing and rearing systems on tail lesions and
losses of docked and undocked pigs. Pigs from three farrowing systems: Conventional
farrowing crate (FC), free farrowing (FF) and group housing of lactating sows (GH) were
randomly allocated to different rearing systems: A conventional system (CONV), where the
pigs were regrouped and transferred to conventional finishing pens at ten weeks of age or a
wean-to-finish (W-F) system, where the pigs remained in their pens until slaughter with higher
space allowance during rearing. Weekly, tail lesions and losses were assessed individually.
The incidence of tail lesions was higher in undocked CONV pigs compared to undocked W-F
pigs (maximum: CONV 58.01%, W-F 41.16%). The rearing system had a significant effect on
tail losses at the end of finishing (CONV 67.63%, W-F 38.2%). The significant effect of the
rearing system might be explained by higher space allowance during rearing and reduced
regrouping stress for W-F pigs. In conclusion, farrowing systems showed no effects, but the
W-F rearing system reduces the frequency of tail lesions and losses; the curves of tail lesions

increased slower and stayed on a lower level, which resulted in lower losses as well.

Keywords: tail lesions; tail losses; farrowing system; rearing system; undocked pigs;

docked pigs; rearing; fattening; scoring; assessment

1 Introduction

One of the most important challenges in modern pig production is tail biting (Schrader-
Petersen and Simonsen, 2001). It occurs in a wide range of housing systems (Valros, 2018).
Taylor et al. (2010) describe three different types of tail biting behaviour, whereby the first type
can be divided into two phases: “Pre-damage” and “damage”. “Pre-damage” describes a gentle
and harmless chewing on the tail of another pig. The tail remains complete and does not show
any lesions (Schrgder-Petersen and Simonsen, 2001). “Damage” results in a bleeding tail
caused by dental manipulation (biting) (Taylor et al., 2010). This type could be caused by a
lack of enrichment material (Beattie et al., 1996). The second type “sudden-forceful” biting is
defined by grabs and yanks of the tail including partial or full loss of the tail (Taylor et al., 2010;
van Putten, 1969). This type is often caused by a lack of resources such as water or feed
(Moinard et al., 2003). The third type “obsessive” tail biting is defined by repeated grabs and
yanks of the tail including partial or full loss of the tail (Taylor et al., 2010). The triggering factor
for this type of biting is unknown, but it may be caused by a possible genetically induced
aggressiveness or the increased attraction to blood (Taylor et al., 2010). To prevent all three
types of biting, the pigs which tail bite could be removed from the pen. In any case the bitten

pigs need to be treated and, if necessary, also removed from the pen. The first type of tail
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biting might be reduced by providing suitable objects for manipulation, chewing and rooting
(Taylor et al., 2010; Zonderland et al., 2008).

Tail biting is an issue which is caused by many factors. Pigs suffering from stress may react
with this abnormal behaviour (Weary et al., 2008). Included among the multiple risk factors that
initiate stressful situations for the pigs are climatic and light conditions (Parker et al., 2010),
sex (Zonderland et al., 2010), husbandry environment (Cox and Cooper, 2001), feeding
(Statham et al., 2011) and group size (Meyer-Hamme et al., 2016). Climate and light conditions
can cause discomfort for pigs if there is no or too strong ventilation, such as a draught, as well
as poor air quality or seasonal effects of cold or heat stress (Parker et al., 2010; Schragder-
Petersen and Simonsen, 2001; Valros, 2018). Many studies state sex as an influencing factor
(Schrgder-Petersen and Simonsen, 2001; Valros, 2018; Zonderland et al., 2010). Studies as
well as farmers often detect small female animals to be the biters (Zonderland et al., 2010).
This may be due to the higher level of activity attributed to them, combined with their higher
propensity to the ano-genital area of other pigs during the first month after weaning (Schrader-
Petersen and Simonsen, 2001; Zonderland et al., 2010). Pigs try to compensate for the
stressful influences that affect them by different coping strategies. This might result in
manipulation of the environment or in the biting of other pigs (Benus et al., 1991; Rushen,
1993).

Consequently, a reduction of stressful factors and an optimization of housing conditions to
increase animal welfare is a way to reduce tail biting. For example, early socialization could
help the pigs to handle stressful situations better (D’Eath, 2005). Socializing piglets early in life
by mixing litters prior to weaning has long-term benefits for the social behaviour (D’Eath, 2005).
After weaning, the animals form a new hierarchy more quickly. Furthermore, reduced stress
levels and fewer lesions after fights were observed (D’Eath, 2005). Thus, farrowing systems

which allow an early litter mixing are advantageous.

Only free farrowing systems fully allow an early socialisation with the sow and also improve
the welfare of the mother (Oostindjer et al., 2011). Freely moving sows can act more naturally
and this is enabling the piglets to be more explorative and less aggressive (Cox and Cooper,
2001). Further, the environment during lactation as well as additional enrichment materials
positively affect the ability to adapt to a new rearing environment (Oostindjer et al., 2011).
Group housing of sows and their litters during the suckling period is reduces agonistic

interactions after regrouping, and the pigs have fewer skin lesions (Bohnenkamp et al., 2013).

Especially in North America, the wean-to-finish rearing system (W-F) is used (Davis et al.,
2006; Wolter et al., 2001). This means that the pigs are only moved to a new pen at weaning
and then remain in the pens until the end of the fattening period (Wolter et al., 2002). In this

system, pigs generally have twice the space allowance during the rearing period compared to
22



conventional systems (Davis et al., 2006). The W-F is designed to achieve lower rearing
losses, reduced animal transport and performance enhancement, as well as reduced working
time for cleaning and disinfection (Connor, 1998; Davis et al., 2006). In addition, stress was
lowered by reducing the number of regroupings (Coutellier et al., 2007). The main problem of
this housing system is the poor use of space during rearing. The fact that W-F pigs are housed
in the same pen after weaning, until slaughter also means that there are difficulties with the
floor construction. Currently the EU regulations for weaning and fattening pigs are difficult to
combine, because the animals need different designs of slatted floors (Council of European
Union, 2008).

Tail docking was used to reduce tail biting for many years (Lahrmann et al., 2017; Schrader-
Petersen and Simonsen, 2001). However, docking does not prevent tail biting completely and
is highly discussable from the ethical point of view (Moinard et al., 2003; Schrgder-Petersen
and Simonsen, 2001). Depending on the remaining tails’ length, a hypersensitivity of the
nerves can initiate bitten pigs to escape (Moinard et al., 2003; Schrgder-Petersen and
Simonsen, 2001). It is controversial that tail docking also brings disadvantages like infections
or provokes abnormal behaviour towards other regions of the body (Schrader-Petersen and
Simonsen, 2001).

The aim of the current study was to investigate the influence of the farrowing and rearing
systems on tail lesions and losses during the rearing and fattening periods under conventional
conditions, including effects of the time of socialization, contact to foreign litters, tail docking

status, regrouping and rehousing.

2 Materials and Methods

2.1 Animals and Housing

Data were acquired at the research farm Futterkamp of the Chamber of Agriculture of
Schleswig-Holstein between May 2016 and August 2018. During seven batches, 2271 rearing
pigs (50% docked and 50% undocked, cross-breeds of (Large White x Landrace) and (Pietrain
x (Large White x Landrace)) were studied. Data were also collected during the fattening period
from a total of 1228 animals randomly selected from the rearing pigs. Males were reared as
intact males. Pigs were raised in three farrowing systems: Conventional farrowing crate (FC),
a free farrowing system (FF) and a group housing system of lactating sows (GH) (Figure 1)
(Gentz et al., 2019).
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Figure 1. Experimental design (3 x 2 x 2) (3 housing systems during suckling, 2 housing
systems during rearing and fattening, 50% undocked and 50% docked pigs): Overview of the
indoor housing systems (N = number of pigs) (Gentz et al., 2019).

The sows in the farrowing crates were single housed and their piglets had a space allowance
of 5.2 m?. For the FF and the GH animals, two sizes of farrowing pens were used for each
system. This is because after two batches of the experiment, a reconstruction of the piglet nest
took place. The aim was to reduce the piglet crushes, so that changes in position and
architecture of the piglet nest were conducted (Grimberg-Henrici et al., 2019; Lohmeier et al.,
2020). The sows in the free farrowing system were single housed as well. Each FF pen had
7.0 m?/7.56 m? individual space depending on the design of the piglet nest, and sows could
move freely except for one batch. In this batch, the sows were fixed for three days postpartum
to minimise the crushing losses of piglets. In a GH system, ten sows were housed together.
They were single housed in a free-farrowing pen (6.09 m?/5.1 m?). All pens had an entrance
for the sows and a separated entrance for the pigs to a joined running area of 30 m%/27.5 m?

which was offered five days postpartum for all animals.

The pigs were weaned 27 days postpartum and divided randomly within farrowing system to
two types of rearing systems: Conventional rearing system (CONV rearing, 0.44 m?/pig) and
wean-to-finish system (W-F, 0.89 m?#/pig) (Figure 1). The W-F pigs were grouped single-sex
and the CONV rearing were grouped mixed-sex. Pigs in the CONV rearing group were
regrouped and rehoused for finishing and sorted by sex after 40 days of rearing (CONV

fattening), while the W-F pigs were raised without regrouping and rehousing until slaughter
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(=120 kg). The CONV fattening pigs had 0.89 m? per pig and their pens were identical in
structure to those of the W-F pens. In CONV rearing, the pigs were housed in groups of 13
pigs on fully slatted plastic floors. In W-F, the pigs were housed in groups of 14 pigs on fully
slatted concrete floors. Both systems were in the same stable. The slat width on CONV
fattening and W-F pens (13 mm, tread area = 67 mm) was determined in a special permit
(V242-226720/2015(8-1/16)) to allow the pigs to be kept in the same pens from weaning to the
end of fattening. In summary, the study was carried out in a 3 farrowing systems x 2 rearing

systems x 2 docking status design.

All pigs were fed ad libitum with conventional dry feed adjusted to their age. The feeding
system started every day at 06:30 h. During the first week of rearing, the feed, which was also
offered during suckling period (14.4 MJ ME/Kkg, 17.6% protein, 1.43% lysine, 0.24% sodium),
was blended with the feed of the rearing period (13.4 MJ ME/kg, 17.0% protein, 1.30% lysine,
0.26% sodium) and fed until the end of rearing. At the beginning of fattening, after another
blending of ten days, the pigs were fed a pre-fattening diet (13.4 MJ ME/kg, 16.5% protein,
1.16% lysine, 0.20% sodium) until day 100 of life. At the end of fattening, the feed was blended
again and the pigs received end-fattening diet (13.2 MJ ME/kg, 15.5% protein, 1.01% lysine,
0.20% sodium) until slaughter.

All drinking systems consisted of nipples and bowls. The barn temperature during rearing and
fattening was automatically regulated by forced ventilation. Artificial lighting was provided
between 6:00 h and 18:00 h. The provision of the enrichment materials was defined (all
treatment groups were managed following the same procedure): During the rearing period, the
pigs received wood, ropes and troughs filled with peas and grass pellets. During the fattening
period, they received wood and ropes. If a tail biting outbreak occurred, they got jute bags and

renewed ropes and wood.

2.2. Data Collection

Starting one day after weaning, the pigs’ tails were scored individually once a week until week
18 of life using a modified Schwarzenauer key, described in (Abriel and Jais, 2013b). A talil
“lesion” means that the tail has slight scratches or bite marks (score 1), a “severe lesion” shows
deeper, flat lesions (score 2) and a “very severe lesion” is a deep, flat lesion which is greater
than 2 cm (score 3). For the statistical analysis, the tail lesion score was summarised due to
the low occurrence of severe and very severe lesions (< 2%) into “no lesions” (0) and “lesions”

(1) (1 summarises score 1, 2, 3).

For the scores of tail losses, the tail was divided into quarters and then the percental loss was

assessed which resulted in score 0 (intact tail) to score 4 (100% lost). For the statistical
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analysis, these scores were also summarised into “intact tail* and “tail loss“ due to low

occurrence of losses of more than 25%.

2.3. Statistical Analysis

The data analysis was conducted with SAS® 9.4 (SAS R Institute Inc, 2008). Due to the non-
normally distribution of the data, the tail lesions and the tail losses were analysed with the
GLIMMIX procedure. For each parameter, the model with the lowest values for ‘Akaike’s
information criterion corrected’ (AICC) (Hurvich and Tsai, 1989) and ‘Bayesian information

criterion’ (BIC) (Schwarz, 1978) was used for further evaluation.

The model for the prevalence of tail lesions included the fixed effects rearing system (CONV,
W-F), farrowing system (FC, FF, GH), docking status (undocked, docked), sex (male, female),
batch (1-7), assessment week (1-18) and the interaction of assessment week*rearing
system*docking status. In this study, we assumed that neither the reconstruction of the piglet
nests nor the fixation of the FF sows affected the tail lesions and losses of the pigs
systematically in their later life. The significance of differences in the least square means was
adapted by the Bonferroni-correction to adjust for multiple comparisons. In addition, the pen
was added as a random effect for consideration of the group effect.

The tail loss of the pigs was calculated in two models for the end of the rearing period (week
6) and the end of the fattening period (week 18). Both models were only calculated with
undocked pigs due to the fact that docked pigs had only very few tail losses (< 1%). The fixed
effects rearing system (CONV, W-F), farrowing system (FC, FF, GH), sex (male, female) were
included. The significance of differences in the least square means was adapted by the
Bonferroni-correction to adjust for multiple comparisons. In addition, the pen was added as a

random effect for consideration of the group effect.

Due to the study design and management routines it was not possible to house undocked
CONV and W-F simultaneously during the fattening period. Therefore, the batch effect for the

loss model was confounded with the rearing system and could not be considered separately.

3. Results

3.1. Tail Lesions

A significant effect (p < 0.01) of the rearing system, the docking status, the batch, the
assessment week and the interaction of assessment week*rearing system*docking status on
the prevalence of tail lesions was observed, while the effect of the farrowing system and sex

was not significant (p > 0.05). The interaction of assessment week*rearing system*docking
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status is shown in Figure 2 and the significant differences within the assessment weeks are

shown in Table 1.

After the second assessment week, the percentage of the pigs of all treatment groups with tail
lesions increased (Figure 2). The percentage of the undocked CONV pigs increased through
the whole rearing period until they reach their maximum in week 7 (58.0%). After this peak, the
curve took a jagged course with decreasing tendency during the fattening period. At almost all
times, the prevalence of tail lesions for undocked pigs was significantly higher than for docked
pigs (Table 1). The percentage of the undocked W-F pigs with tail lesions increased during the
rearing period as well. This treatment group reached their maximum later, on a lower level, in
week 11 (41.2%), thereafter the graph shows a decreasing tendency. From week 12 onwards,
the undocked W-F animals showed no significant differences in comparison to the two docked
treatment groups (Table 1). In contrast to the other groups, the docked CONV pigs reached
their maximum of pigs with tail lesions at the end of the rearing period (week 6, 20.0%). The
maximum prevalence of the peak of the docked W-F was only one third of the size of the
undocked CONV.

Regrouping of the CONV to fattening

60%

50%
40%
30%
20%

10%

0%

Percentage of pigs with tail lesion

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Assessment weeks

—@— CONV undocked --@--CONV docked —@— W-F undocked --®--W-F docked

Figure 2. Frequency of back transformed tail lesion estimates during of the rearing and
fattening periods for docked and undocked animals per rearing system (CONV=conventional
rearing system; W-F=Wean-to-Finish rearing system).
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Table 1. Multiple comparison of the Least Square-means differences of the interaction
assessment week*rearing system*docking status by Bonferroni within the assessment week
(p < 0.05).

Assessmentweek 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

CONVundocked a a a a a a a a aab a a a a a a a
CONVdocked a b b b b b bbbb b b b b b b b
W-Fundocked a ab ab a ab ab b a a ac a ab ab ab ab ab ab

a
a
a

W-F docked aab b b b c babb b b b b ab a ab ab a

a-c: Significant differences of docking status*rearing system interaction within weeks (p < 0.05).

The back transformed Least Square means of the batches showed a decreasing tendency
over time (Figure 3). Batches 1 and 2 were nearly on the same level of tail lesions (30.0%),
whereas batches 3 to 7 ranged between 19.1% and 9.5% tail lesions. Batch 6 showed the

lowest values (9.5%).

35%
30%
25%
20%

a a
b
b,c
15%
cd de
10% €
5% I
0%
1 2 3 4 5 6 7

Batches

LS Means for the tail lesions

Figure 3. LS-means of back transformed tail lesion estimates of the batches. a-e: Significant
differences between the batches (p < 0.05).

The farrowing systems only showed non-significant, numerical differences (p > 0.05; GH =
16.6%, FF = 17.4%, FC = 17.4%).

3.2. Tail Losses

The models of the tail losses for the end of rearing and the end of fattening periods showed
comparable results. A significant effect (p < 0.05) of the rearing system was observed for tail

losses. The effects of the farrowing system and the sex were not significant (p > 0.05).

At the end of the rearing period, 16.3% of the undocked CONV pigs showed tail losses (Figure

4). Only 2.9% of the W-F animals showed tail losses at the end of rearing, less than one fifth

28



compared to the CONV animals. At the end of fattening period most of the CONV pigs lost
parts of their tails (67.6%). Only 38.2% of the W-F animals lost parts of their tails. Nevertheless,

periods.

70%

the differences between CONV and W-F are significant at the end of rearing and fattening
a
60%
50%
40%
30%
20% a
10% I
b
0% |
W-F

b
CONV CONV W-F

End of rearing period End of fattening period

Percentage of pigs with tail loss

Figure 4. LS-means of back transformed tail loss estimates of the rearing systems of undocked
pigs for end of rearing and end of fattening periods.
a, b: Significant differences between the rearing systems within period (p < 0.05).

The male and female pigs showed non-significant, numerical differences ((Figure 5). At the
end of the rearing period, 9.8% of the males showed tail losses (females =5.1%). At the end

of the fattening period, 64.9% of the males lost parts of their tails (females 41.2%).

70%
60%
50%
40%
30%
20%
10%
w B

Male Female Male Female

Percentage of pigs with tail loss

End of rearing period End of fattening period

Figure 5. LS-means of back transformed tail loss estimates of the sexes of undocked pigs for
end of rearing and end of fattening periods.
The differences of the farrowing systems were numerical (end of rearing period: FF = 5.8%,

FC = 7.5%, GH = 8.2%; end of fattening period: FF = 51.7%, FC = 54.1%, GH = 53.7).
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4. Discussion

4.1. Tail Lesions

The level of pigs with tail lesions in general, was lower in docked than in undocked pigs.
Present results underline the findings of Gentz et al. (2019) which referred to a subset of the
present data. The paper focussed on a method to analyse an animal individual lesion
parameter. This tail biting reducing function of docking is already known in the literature
(Lahrmann et al., 2017; Moinard et al., 2003; Schrgder-Petersen and Simonsen, 2001) but is

ethically questionable.

In accordance with other studies (Naya et al., 2018; Veit et al., 2016) which detected an
increasing number of tail lesions one week after weaning, tail lesions increased in this study in
the second week after weaning for all housing and docking groups, but to different extents.
Naya et al. (2018) found that pigs seemed to become more courageous from the second week
of age and often started to nibble and bite on boots and clothes of the observer. Tail biting may
be a compensatory behaviour and occurs if an animal’s individual level of compensable stress
is exceeded (Schragder-Petersen and Simonsen, 2001) The coping hypothesis proposes that
stereotypies or abnormal behaviour (such as tail biting) reduce the physiological stress
reaction linked to environmental impacts (Benus et al., 1991; Rushen, 1993). The peak of the
undocked CONYV pigs was found after regrouping to fattening, while the peak of the undocked
W-F pigs was four weeks later. Thus, the CONV pigs started earlier and showed tail lesions
which could be the result of coping of stress (Benus et al., 1991; Rushen, 1993). The undocked
CONV pigs showed a sudden increase in week seven, compared to week six which was likely
related to the regrouping stress and a higher aggression level (Ekkel et al., 1995). The shifted
start of the W-F pigs might be explained by an accumulation of stress over time, whereupon
the pigs reacted with increased tail biting in week 11 (Weary et al., 2008). These pigs did not
have regrouping stress and stayed in their pens, but the W-F pigs had twice the space
allowance of the CONV pigs during rearing. This advantage was obsolete during fattening,
which could be stressful and might influence the shift in tail biting towards week 11 as well.
Another possible explanation for the increased tail lesion level in the middle of the fattening
period might be the onset of sexual maturity (Berry and Signoret, 1984). The animals became
more restless due to hormones and their behaviour changes. The housing of intact males
caused more mounting behaviour, this resulted in repeated irritation of wounds. The docked
animals did not show clear peaks, neither in the W-F nor in the CONV, this could be explained
by the fact that they may have different coping strategies than tail biting and this would be

beneficial to add in the video analysis.
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Taylor et al. (2012) already showed the impact of a feed change on tail biting (Taylor et al.,
2012). In the current study, feed was changed and blended during weeks 1, 7 and 14 to adjust
the feed to the needs of the pigs. All changes seemed to affect the pigs in the current study.
The tail lesions of the undocked and docked pigs of both rearing groups increased in all three

weeks, whereas the changes during week 14 seemed to specifically affect the W-F pigs.

Regarding the level of pigs with tail lesions during the 18 assessment weeks, the undocked
W-F pigs were 10% lower than the undocked CONV pigs. The maximum tail lesion level of the
undocked CONYV pigs was 20% higher compared to the undocked W-F pigs. During the rearing
period, the pen design of both systems was mainly distinguished by the floor and the space
allowance (CONV: 0.44m? W-F: 0.89 m?). While the CONV had plastic, the W-F animals had
a concrete floor. Abriel and Jais (2013) have also observed the influence of the external
environment on the husbandry system in cannibalism in pigs (Abriel and Jais, 2013a). Already
50% more space allowance than the legal minimum requirement reduced the level of tail
lesions (Abriel and Jais, 2013a).

This method of detecting tail lesions completely disregards the age of the lesion. Consequently,
not all recorded lesions occurred at the current week and might be older, but refreshed and
assessed previously. This study focused on analysing the percentage of animals with tail
lesions and not the percentage of animals with new lesions. To our knowledge, there is no
method of tail lesion scoring which includes the evaluation of the age. To counteract this
problem, it would be possible to change the frequency of the assessment and score the tails

more often.

The batch effect contains all effects which were not analysed separately. In the current study,
the differences were maybe caused by learning effects of the staff. Over time, the identification
of offenders has been optimised and the timing of the renewal or addition of new enrichment
material has also been improved. The prevalence of tail lesions has been reduced by more
intensive animal control. The batch effect can also be explained by seasonal changes in the

environment. Especially the light conditions (Parker et al., 2010) differ slightly over the year.

The positive effect of early socialization (Cox and Cooper, 2001) has not been shown to have
a decisive impact. It seems to have a more important effect on skin lesions and agonistic
behaviour of pigs (D’Eath, 2005). Behaviours which are associated with hierarchy and rank
fights are affected by socialization (Lange et al., 2018), but tail biting is more clearly influenced

by stress and space allowance in the current study.
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4.2. Tail Losses

Docked pigs showed no tail losses in this study and needed to be excluded from the statistical
analysis. Significant differences for undocked pigs concerning tail losses could be found in the
rearing systems. These differences were evident both at the end of the rearing period and at
the end of the fattening period. The fact that the W-F pigs suffered fewer losses could result
from fewer lesions (average level of pigs with tail lesions CONV = 31.4%; W-F = 23.5%). In
addition, tail biting was also less intense (low occurrence of severe and very severe lesions (<
2%) or differently motivated (Taylor et al., 2010). As Taylor et al. (2010) described, there are
several types of tail biting that have different causes. Additional behavioural analysis would be
beneficial to verify this. The lower percentage of tail losses of the W-F pigs might also be
explained by twice the space allowance at the beginning of rearing compared to the CONV

pigs, which allows for the avoidance of biting pigs.

It is noticeable that the relative percentage of tail losses was lower during rearing (6 weeks)
than in the fattening period (12 weeks). Tail lesions assessed during the rearing period were
almost only slight lesions of the scoring key. In the fattening period, severe or very severe
lesions also occurred. Wounds differ in the healing process and often lead to losses only in the
case of severe lesions. The type of tail biting could also be an explanation (Taylor et al., 2010).
Possibly, the biting behaviour consisted of rather playful chewing during rearing and more
aggressive biting during fattening. Additionally, the agonistic interactions in the middle of the
fattening period increase with the onset of sexual maturity (Naya et al., 2018). The animals
start to mount each other, and lesions lead to losses directly. It might be advantageous to
score the pigs tails more often in further studies. The direct link between tail lesions and losses
confirms that the recording of tail losses in the slaughterhouse is representative for the

assessment of tail biting.

The tail losses of male and female pigs were not significantly different in this study. Female
pigs had more intact tails and fewer losses than the males. Zonderland et al. (2010) and
Statham et al. (2011) already detected a significant influence of the sex for tail biting (Statham
et al., 2011; Zonderland et al., 2010). Female pigs have suffered fewer lesions and losses in

these studies.

5 Conclusions

The results show that the rearing system affected the tail lesions and losses in the current
study. The higher space allowance of the W-F pigs during the rearing period compared with
CONV had a positive effect. The W-F curves of tail lesions increased slower and stayed on a
lower level which might be caused by a lower stress level due to reduced regrouping.

Nevertheless, it must be mentioned that the largest differences were found between docked
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and undocked pigs. Further optimization of housing systems to avoid tail biting as well as other

tail biting abnormalities for rearing and fattening of pigs are necessary.
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Simple Summary

Tail biting is a well-known problem in pig production, whereby animals with tail lesions suffer
from pain, infections, and reduced feed intake. Controlling tail biting could have a positive effect
on animal welfare and on the economic viability of farms. A classification of typical traits of pigs
with tail lesions could provide the opportunity to protect the pigs. A combined parameter based
on frequency and duration of tail lesions was created to find out whether biologically relevant
groups can be separated by cluster analysis. The results show that the created lesion
parameter was suitable to describe the degree of impairment of the pigs. However, not all pigs
were affected to the same extent by tail biting. The high impact of the docking status and the

reduction of tail lesions by more space allowance was shown.

Abstract

The aim of the present study was to classify and characterise pigs with tail lesions using a
combined parameter based on the frequency and duration of tail lesions and to find out whether
biologically relevant groups could be separated by cluster analysis. Pigs (h =677, 50% docked,
50% undocked) from three farrowing systems, as follows: (1) Conventional farrowing crate
(FC), (2) free farrowing (FF), and (3) a group housing lactating sows (GH), were divided into
two rearing systems as follows: (1) A conventional system (CONV) and (2) a wean-to-finish
(W-F) system. Within 18 assessment weeks, starting after weaning, animal tail lesions were
recorded individually. The animals were characterised into five lesion groups, as follows: (1)
No lesions to (V) many long lasting lesions. The separability of the predefined lesion groups
was checked by an animal individual lesion parameter. By using a k-means cluster analysis, it
was shown that the docking status was the mainly affected parameter on the tail lesions. The
separation of the groups only succeeded for the most distinct groups, | and V. The high impact
of the docking status and the reduction of tail lesions by more space allowance was shown.
More characterising information for the individual pigs would improve the separability of the

lesion groups.

Keywords: classification; tail lesions; pigs; rearing system; farrowing system; docked tails;

undocked tails; stress; tail biting; cluster analysis
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1 Introduction

Tail biting is a huge and well-known problem in pig production. A lesion can range from mild
bite marks, with or without punctuation of the skin, up to a complete tail loss (Valros, 2018). If
a tail lesion occurs, it results in pigs suffering from pain, and more symptoms, e.g., reduced
weight gain and a higher risk of infection diseases, which results in a need for medical
treatment (Schr@gder-Petersen and Simonsen, 2001; Taylor et al., 2012). Tail lesions can also
lead to economic losses at slaughter, carcass condemnation, and secondary infections (Hunter
et al., 1999). Pigs show individual reactions to different stressors such as climatic and light
conditions (Parker et al., 2010), sex (Zonderland et al., 2010), husbandry environment (Cox
and Cooper, 2001), feeding (Statham et al., 2011), and group size (Meyer-Hamme et al.,
2016), among others. Tail biting does not necessarily lead to lesions. Taylor et al. (2010)
(Taylor et al., 2010) described three different types of tail biting behaviour, whereby the first
type describes a gentle and harmless chewing on the tail of another pig, where the tail remains
complete and shows no lesions (Schrgder-Petersen and Simonsen, 2001), but can also result
in tail lesions which can be responsible for a tail biting outbreak (Statham et al., 2009; Taylor
et al., 2010). The second type of tail biting is energetic tail biting, which can be triggered by
deficiencies in the abundance or accessibility of water, feeding, or space. The third type is a
compulsive and abnormal behaviour of individual animals whose cause is still unknown (Taylor
et al., 2010).

In order to work out profiles within groups, a cluster analysis is often carried out (Lekic and
Romanowicz, 2011; Lukashin and Fuchs, 2001). For example, in human fields, this method is
used in gene expression analysis (Lukashin and Fuchs, 2001), thermography (Lekic and
Romanowicz, 2011), or for motivation profiles of athletes (Zason Chian and John Wang, 2008).
The k-means cluster algorithm is used to find optimal distribution profiles or to work out specific
character traits (Lekic and Romanowicz, 2011; Lukashin and Fuchs, 2001). In addition, the
relationship between single groups can be ranged (Zason Chian and John Wang, 2008). A k-
means cluster analysis is preferred, as this method is particularly suitable for large amounts of
data and the number of clusters generated can be predefined. After cluster analysis, the
identified relevant groups can be analysed in detail by several tests to separate and describe

these groups.

Different types of tail biting can lead to different types of wounds (Taylor et al., 2010). There
are small wounds that heal up quickly and large wounds that require more time (Taylor et al.,
2010; van Putten, 1969). Consequently, the degree and duration of tail lesions differ more or
less. This means that pigs can be divided into animals without lesions, with few, and with many

tail lesions. In addition, the intensity of the wound determines the duration of healing.
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A reduction of stressful factors and an optimisation of the housing conditions can increase
animal welfare and help to reduce tail biting as a coping strategy (Benus et al., 1991). For
example, early socialisation was shown to help piglets to handle stressful situations better
(D’Eath, 2005). Farrowing and rearing systems with a higher space allowance, and without
any fixation of the sow, may improve the socialisation level of piglets and the welfare of sows
(Oostindjer et al., 2011).

The aim of this study was to classify and characterise pigs using a combined parameter, based
on their frequency and duration of tail lesions, and to find out whether biologically relevant
groups could be separated by cluster analysis. As influencing factors, docking status, rearing
system, farrowing system, and weights at weaning as well as at the end of rearing were

considered.

2 Materials and Methods

2.1 Animals and Housing

The dataset comprised measurements of 1252 pigs, where 677 animals provided complete
measurements in 18 subsequent weeks. The data was acquired at the research farm
Futterkamp at the chamber of Agriculture of Schleswig-Holstein, located in northern Germany.
Within seven batches, 309 pigs were housed with docked tails (45.64%) and 368 pigs were
left undocked (54.36%). Males were raised as intact males. For farrowing, sows were allocated
to three farrowing systems, as follows: A conventional farrowing crate (FC), a free farrowing
system (FF), and a group housing system of lactating sows (GH) (Figure 1). In the FC and FF
systems, the sows were single housed. In the FC, sows were fixed permanently, and in the FF
system, sows could move freely and interact with their piglets, except for one batch, in which
the sows were fixed for three days post-partum to minimise the crushing of the piglets (piglets
treated as being FF). In the GH system, ten sows were housed together. Until five days post-
partum, the sows were single housed in a free-farrowing pen. Afterwards, the sows and their

piglets were commingled, joining a running area and their pens.
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Figure 1. Schematic overview of the 3 x 2 x 2 factorial experimental design.

Figure 1 shows an overview of the 3 x 2 x 2 factorial experimental design. After 27 days post-
partum, the piglets were weaned and divided randomly within the farrowing system into two
different rearing systems, as follows: A conventional rearing system (CONV/earing, 0.44 m?/pig)
and a wean-to-finish system (W-F, 0.89 m?/pig). The W-F pigs were grouped by sex and the
CONV/earing pigs were grouped mixed-sex. Pigs of the CONVeaiing group were regrouped and
rehoused for finishing and sorted by sex after 40 days of rearing (CONViatening), While the W-F
pigs were raised as intact groups until the end of the study (week 18 after weaning). The
CONViateening Pigs had 0.89 m? per pig and their pens were identical in structure to those of the
W-F pens. In CONV/earing, the piglets were housed in groups of 13 pigs and in W-F, the piglets
were housed in groups of 14 pigs. The slat width on all floors (13 mm, tread area = 67 mm)
was determined in a special permit (V242-226720/2015 (8-1/16)) to allow the pigs to be kept
in the same pens from weaning to the end of fattening. The pigs were fed ad libitum with
conventional dry feed adjusted to their age. During their whole life, the pigs always had access
to at least one or several different enrichment materials; for example, pieces of wood, ropes,
jute bags, or troughs filled with dried peas and grass pellets. When an outbreak of tail biting
occurred, pigs were offered additional or renewed enrichment material. Additionally, victims of
tail biting that were severely injured were excluded from the study (N = 19). Evident offenders
were also rehoused and excluded (N = 9). Pigs with medical treatable lesions stayed in their
pens and were scored consecutively. More details on housing systems can be found in Gentz
et al. (2019).

All of the animals were housed in accordance with EU (European Directive 2008/120/EC) and
national law (Animal Welfare Act (18/05/2016), Animal Welfare and Animal Husbandry

Ordinance (05/02/2014)).
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2.2 Data Collection

The weaning weight and the 40-days-weight were collected individually. The two weights were

included in the evaluation.

Starting one day after weaning, the piglets’ tails were scored individually once a week until
assessment at week 18 using a modified Schwarzenauer key (Abriel and Jais, 2013). From
the collected data, the tail lesions were used for the present study. A tail “lesion” means that
the tail has slight scratches or bite marks, a “severe lesion” shows deeper flat lesions, and a

“very severe lesion” would be a deep flat lesion which is greater than 2 cm.

For the statistical analysis, the tail lesion score was summarised due to the low occurrence of
severe lesions into “no lesions” (0) and “lesions” (1). Each pig was scored for each assessment

week, whether a tail lesion was observed or not.

2.3 Statistical Analysis

The statistical language R (R Core Team, 2016) was used to analyse the collected data. The
statistical analysis was conducted in different steps, which are explained in the following
scheme (Figure 2) (oriented at the method of Lukashin and Fuchs (2001)).

[ Preprocessing ]

Step 1: Creating lesion groups

Method: Animal individual seperation, descriptive analysis of the
sum and the maximum duration of tail lesions

[Verification and Cluster analysis ]

5

Step 2: Verification of the separability of the lesion groups

Method: Creating a lesion parameter, boxplot and cluster
analysis

.
p

Step 3: Cluster analysis of the groups
Method: K-means cluster analysis (2 clusters)

AN
-

Step 4: Comparison of the groups
Method: T-test

KX

A

Figure 2. Workflow of the statistical analysis.
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2.3.1 Preprocessing

Step 1: Creating Lesion Groups

The aim of this step was to create a single animal individual lesion parameter. First, an analysis
of the frequency of score “1” and the maximum duration of consecutive score “1” was carried
out (Table 1). The frequency of score “1”, which represents the sum of score “1” over all 18
assessment weeks, was calculated. In addition, the maximal duration of consecutive score “1”
was calculated. This was used as an indicator of the impact of tail lesions. Table 1shows an

example for the scoring of five different pigs.

Table 1. Examples of the tail lesion scoring, frequency of score “1”, and maximum duration
(1 = atail lesion was scored; 0 = no tail lesion was scored). * Frequency of score “1”; 2 maximum
duration of score “1”.

Assessment weeks Freqg. (I;/Iuarxz
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Pig 1 0 0 0 0O O OO0 0 O 0 0 0 0 0 0 0 0 0 0 0
Pig 2 0 0 01 o0 OO0 1 O 0 0 1 0 0 0 0 0 0 3 1
Pig 3 0 0o 0 0 01 1 0 O 0 0 1 0 0 0 0 0 0 3 2
Pig 4 0 0o 0 0 0 00 1 1 1 0 0 0 0 1 0 0 0 4 3
Pig 5 11 1 1 1 1 1 1 1 1 0 0 1 1 0 1 0 1 14 10

Pig 1 had no score “1” over all the assessment weeks, which means that the frequency of
score “1” was zero and the maximum duration as well. For pig 2, three single scores of “1”
were observed, which led to a frequency of score “1” of three and a maximum duration of one,
because there was no more score “1” in a row. Pig 3 had a score of “1” during weeks six,
seven, and twelve. This means that the frequency of score “1” was three and the maximum
duration, as there were two successive score “1” during weeks six and seven, would be two.
Pig 4 had three successive and one single score “1” (frequency = 4; maximum duration = 3).
Pig 5 had a frequency of score “1” of 14 and a maximum duration of ten. This means that not
all 14 scores of “1” were in successive weeks, but ten were successive and four were at any

other time.

Figure 3 shows the distribution of the frequency of score “1”. A total of 77.4% of the pigs had

five or less scores of “1” and 22.6% suffered from more scores of “1”. Less than ten percent of
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the pigs did not have any score “1” at all. The percentage of pigs with ten or more scores of

“1” was 3.9%.

16%

14%
12%
10%
8%
6%
4%
2%
0%
0 1 2 3

Figure 3. Distribution of the frequency of score “1” of tail lesions per pig over rearing and
finishing periods.

Proportion of pigs
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14

4
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In order to separate these pigs, the maximum duration score was used to determine how many

consecutive weeks a pig had score “17.

Figure 4 shows the distribution of the maximum duration of a tail lesion score “1”. Scores of “1”

that lasted longer than six and for a maximum of ten weeks were summarised due to rareness.
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Maximum duration of score “1”

Figure 4. Distribution of the maximum duration of score “1” per pig over rearing and finishing
periods.

Based on the frequency of score “1” and the maximum duration, five lesion groups were formed
(Table 2). Each pig could only be found in one group. The primary criterion for the group was

the frequency of score “1” and the maximum duration worked as second criterion. The duration
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was divided into short and long, whereby short meant 1/3 of the maximum duration within their
lesion group and long meant 2/3 corresponding to the maximum duration within their lesion
group. Therefore, the pigs with tail lesions could be divided into the following groups: (I) No
lesions, (lIl) few short lesions, (Ill) few long-lasting lesions, (IV) many short lesions, and (V)

many long-lasting lesions.

Table 2. Lesion groups (LG) built of the frequency of score “1” and the maximum duration of
score “1”. Note that each pig was in one group only.

Groups Freqen(z‘y ’?f Max. dura‘t‘lo"n N L
score “1 of score “1
| No lesions 0 0 weeks 61 pigs
Il Few lesions of short duration 1-3 1 week 204 pigs
Il Few lesions of long duration 2—-3 weeks 90 pigs
IV Many lesions of short duration 4-14 1-3 weeks 205 pigs
V Many lesions of long duration 4-10 weeks 117 pigs

118 assessment weeks for each pig; Exemplary pigs: See Table 1 (LG | Pig 1, LG Il Pig 2, LG Ill Pig 3,
LG IV Pig 4, and LG V Pig 5).

The first group consisted of pigs without tail lesions, meaning no scores of “1” over all the 18
assessment weeks (I: 61 pigs, 9.01%). In the second and third group, there were pigs with few
tail lesions (frequency of score “1”: 1-3) (ll: 204 pigs, 30.13%; llI: 90 pigs, 13.29%) and the
fourth and fifth group consists of pigs with many tail lesions (frequency of score “1”: 4—14) (IV:
205 pigs, 30.28%; V: 117 pigs, 17.28%).

2.3.2 Cluster Analysis

Step 2: Verification of the Separability of the Lesion Groups

In Step 2, the separability of the predefined lesion groups was checked. To classify biologically
meaningful groups associated with the used docking status, the rearing and the farrowing
systems, the lesion groups had to be mostly non-overlapping. In order to test the separability

of the individual lesion groups, an animal individual lesion parameter (A) was calculated.

0, if frequency of score “1” = 0 A maximum duration = 0
A\ = frequency of score “1” + maximum duration

frequency of score “1”
maximum duration

Figure 5 shows a boxplot of the lesion parameter for the different lesion groups.
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Figure 5. Boxplot analysis of the lesion parameter (A) for each lesion group.

The boxplots show that groups | and V were completely separable from each other. Groups I,
I, and IV were difficult to distinguish due to their overlapping lesions scores. In addition, the
k-means-clustering algorithm (k = 5, 1000 iterations) was applied on the data to check for the
plausibility of the separation and to validate the lesion groups. The silhouette plot (Figure 6a)
underlines the difficulties in separating the five groups, whereas cluster groups 2—4 show low
average silhouette scores and cluster group 5 shows negative silhouette scores. To improve
the degree of separation, the clusters were modified (increased and decreased), which showed
an improved separability in the case of two clusters only. The subsequent analysis was focused
on groups | and V, which represented no lesion animals and animals with many long-lasting
scores of “1” (Figure 6b).
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Figure 6. (a) Silhouette plot for five k-means cluster groups to show the non-separability. The
red line shows the average quality of the clusters. (b) Silhouette plot for two k-means cluster
groups to show the separability. The red line shows the average quality of the clusters.

Step 3: Cluster Analysis of Most Distinct Groups

With help of A, a k-means cluster analysis (Hartigan and Wong, 1979; R Core Team, 2016) for

groups | and V was conducted. This iterative method of minimizing the within-class sum of
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squares for a given number of clusters was used to test the classification into the specific lesion
groups. The visualization was conducted using the cluster package (Maechler et al., 2012).
Figure 6b shows, that the data can be separated in two distinct groups, which represent the

two lesion groups | and V (see Appendix Figure Al).
Step 4: Comparison of the Non-Overlapping Groups

In the last step, the non-overlapping groups | and V were compared. The docking status, the
rearing system, and the farrowing systems were analysed according to the relative frequency
of pigs. In order to investigate the significant differences of the weights at weaning and after

rearing a t-test was applied.

3 Results

The distribution of pigs within the lesion groups (I and V) per docking status, rearing system,
and farrowing system is shown in Table 3. Group | consisted of twice as many docked than
undocked pigs, whereas group V shows a reversed distribution. The X?test showed that groups
I and V, as well as the docked and undocked pigs, were significantly different (p < 0.05). In
general, the distribution of the pigs within group V of the rearing and farrowing systems of
group V were very similar (Rearing system: CONV = 16.67, W-F = 18.15%; farrowing system:
FC = 15.43, GH = 17.07, FF = 18.59%). There were more W-F pigs than CONV pigs in each
group. The proportion of FC and GH pigs in group | was lower than that in group V. Among the
FF pigs, group V contained about one-third more animals than group I.

Table 3. Distribution of the characteristics of the pigs within the lesion groups | and V, related
to all pigs of the specific group (Figure 1). Note that the significant differences were calculated
with absolute numbers of animals.

Lesion Group

I -1V V
(n =61) (n =499) (n=117)
undocked 5.43%? 83.16% 11.41%"
Docking status
docked 13.27% ¢ 80.26% 6.47% ¢
CONV 6.57% 76.76% 16.67%
Rearing system
W-F 12.46% 69.39% 18.15%
FC 6.79% 77.78% 15.43%
Farrowing system FF 11.90% 69.51% 18.59%
GH 7.32% 75.61% 17.07%

a-d Different letters indicate significant differences of the groups (p < 0.05).
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The comparison of the different weight groups only resulted in significant differences in the
group of undocked-CONV-FF animals with regard to the average weaning weights (I = 6.63
kg, V = 8.35 kg) and the average weight at the end of rearing (I = 22.00 kg, V = 26.40 kg),
where the pigs of lesion group V were heavier. No other animals comparing group | and V
differed significantly. The average weaning weight was 7.96 kg (min = 6.35 kg, max = 9.35 kg)
and the average difference between groups | and V was 0.93 kg. Regarding the weight at the
end of rearing, the average weight was 25.18 kg (min = 21.20 kg, max = 28.50 kg), whereby
the groups | and V differed by 1.33 kg on average.

4 Discussion

The lesion parameter A was used as a continuous and non-prioritising parameter to define the
intensity of tail lesions. It combined the frequency and the duration of tail lesions on an equal

level. This parameter might be a useful help to analyse tail lesions in further studies.

A cluster analysis is often used for profiling (Lekic and Romanowicz, 2011; Lukashin and
Fuchs, 2001; Zason Chian and John Wang, 2008), as was also done in the present study. The
results show that a reliable clustering could only be performed in groups | and V, where the
differences of the frequency and the durations were the highest. Groups Il, lll, and IV were too
similar to work out specific traits. In order to figure out the impact of the individual animals and

their tail lesions, other traits may have to be considered.

The predefinition of the number of clusters gave the possibility to investigate a specific
biologically grounded hypothesis (Sparks et al., 2012). In an experimental design without
expectation of a number of clusters, this analysis requires a longer preliminary work. This
includes first hierarchical clustering followed by non-hierarchical clustering (Zason Chian and
John Wang, 2008). In this study, the k-means clustering made it possible to separate very

similar groups respectively to emphasise the separable groups.

Although a total of 1252 fattening pigs were investigated in this study, it was only possible to
examine 677 pigs after strict filtering. To assure a representative animal number in both groups
(1, V), an enormous number of assessed animals or simulating techniques might be an option.
In addition, it should be noted that the numbers of pigs were not balanced concerning the
distribution among the husbandry systems, as well as the docking status, and this leads to
limitations in the interpretation of the results. The unbalanced data set influenced the
comparison of the lesion groups. The very dominant effect of the docking status covered the
other effects. An investigation of only undocked pigs might have resulted in other significances,
but the low number of animals would have led to other methodical problems. This method
could be improved by using more animal individual characterising traits, such as behaviour or
genetics, to make them unique. Since various factors affect the pigs and tail biting is a

49



multifactorial problem, it is difficult to determine the most influential traits to avoid tail lesions

(Schrgder-Petersen and Simonsen, 2001).

Docking is one of the most commonly used methods to reduce tail biting (Schrader-Petersen
and Simonsen, 2001). It reduces the risk for tail biting related lesions but can neither prevent
it completely (Moinard et al., 2003) nor eliminate the causes for the abnormal behaviour. The
literature still does not provide clear reasons why docked pigs get less tail lesions (Valros,
2018), but one hypothesis is nerve regeneration. Docking creates a higher sensitivity at tail
ends and this benefits in a quicker reaction (Herskin et al., 2015; Simonsen et al., 1991). In
addition, the attractiveness of a docked tail is lower (Paoli et al., 2016). The significant effect
of tail docking might cover the effects of the rearing and the farrowing system. Nevertheless,
differences (not significant) within the husbandry systems show, which might be the better way

of housing.

Findings for W-F pigs were in line with the literature. Pigs which were not regrouped and not
rehoused had fewer tail lesions and might suffer from less stress, resulting in fewer tail lesions
(EKkel et al., 1995). The present study can support the results of Beattie et al. (1996) about
increasing space allowance, which resulted in a reduction of tail biting behaviour among
growing pigs (Beattie et al., 1996; Schrgder-Petersen and Simonsen, 2001). The advantages
of higher space allowance and loose housing can also be seen from the FF pigs. The frequency
of FF pigs in group | was particularly high, which led to the conclusion that the farrowing system
has a positive effect on how piglets dealt with their post-weaning environment (Oostindjer et
al., 2011). Better socialisation of the piglets also seemed to result in a reduction of aggression
in their future life (D’Eath, 2005).

With regard to tail biting, future studies should include more information about the age of the
wound to distinguish fresh from old healing or reopened lesions to gather information about
the healing process. This would offer the possibility for further improvement in the analysis,
especially to analyse whether a pig gets new lesions every week or if there are problems with

wound healing.

5 Conclusions

This study shows that not all pigs were affected to the same extent by tail biting, which can
generally be measured by the lesion parameter. Groups of pigs without tail lesions could be
separated from pigs with lesions. The cluster analysis can help to analyse and separate the
lesion groups. To enhance the analysis, a larger dataset with only undocked pigs is needed.
The availability of more individual animals and unique traits might improve the applicability of

the present analysis procedure. Although several traits of the pigs with tail lesions were
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assessed, it was only possible to name significant differences regarding docking status to

characterise the groups.
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Appendix A
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Figure Al. Cluster plot of the two separated groups | (blue) and V (red). The cluster analysis
resulted in two nearly non-overlapping groups. The pigs without lesions (group 1) were clearly
separable from the pigs with many long-lasting scores of “1” (group V).
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Implications

Artificial rearing during the nursery period gained more importance, because the litters of
modern pig farming exceed the number of functional teats of the sow. Therefore, some piglets
are reared artificially. This type of housing has a positive effect on tail lesions and losses as
well as skin lesions through early socialisation and stable groups. Moreover, AR pigs showed
comparable daily weight gains but for practical recommendations concerns of reduced animal

welfare and economical aspects must be included in critical reflection.

Abstract

Artificial rearing is one method for pig farmers to raise large litters which outnumber the
functional teats of the sow. Litter size increased during the last years and natural nurses to
raise the piglets are not always available. Artificial rearing involves early weaning of piglets
from their mothers two days post partum to be reared in specialised housing systems. The
current study aims to investigate long-term effects of artificial rearing and reduced regrouping
during nursery period on tail biting and development of pigs. Therefore, a comparison of
artificially reared (AR, N=163) and piglets raised in a conventional farrowing crate (FC, N=264)
during the nursery period was conducted. Half of the pigs were undocked. The investigation
was focussed on tail lesions and losses, skin lesions and performance traits. Regarding the
results of the tail lesions the AR pigs showed fewer lesions than the FC pigs. Less than 15 %
of the AR pigs had tail lesions at all. In general, tail lesions of docked pigs were on a lower
level than of undocked pigs. Tail losses of undocked pigs at the end of rearing were not
significantly different. At the end of fattening period only 6.9 % of the AR pigs lost parts of their
tails differing significantly from the percentage of FC pigs with tail loss (60.2 %). The AR piglets
(21.7 %) showed significantly fewer skin lesions than FC pigs (80.2 %) after rehousing for
rearing. After regrouping and rehousing for fattening, more than 94 % of the pigs from the two
housing systems during nursery showed skin lesions. The daily weight gain of FC piglets
(256.0 g) during nursery period was significantly higher than the values of AR pigs. During
rearing AR pigs had the highest daily weight gain (461.6 g). There was no significant difference
during fattening period. The carcass traits were not significantly different either. Artificial
rearing has a positive effect on tail lesions and losses as well as skin lesions through early
socialisation and stable groups. Moreover, AR pigs showed comparable daily weight gains but
for practical recommendations concerns of reduced animal welfare and economical aspects

must be included in critical reflection.

Keywords: Artificial rearing; piglets; nursery period; tail biting; reduced regrouping
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1 Introduction

During the last few years breeding has led to a large litter size (Rutherford et al., 2013;
Tomiyama et al., 2011). Piglets which were born in large litters can have a huge weight
variance whereby the pre-weaning survival rate for the lighter animals is often reduced
(Andersen et al., 2011; Milligan et al., 2002; Wolf et al., 2008). In addition, the competition at
the teats is increased and the number of live born piglets may outnumber the availability of
functional teats (Andersen et al., 2011; Milligan et al., 2001). To raise a large number of piglets
in commercial pig farms often nurse sows or artificial piglet rearing systems can be found
(Baxter et al., 2013). These nurses raise the piglets after colostrum intake at their mother until
they would have been weaned from their biological mother. After colostrum intake (two days
post partum) the piglets that cannot be raised by the sow are moved to the nurse (Baxter et
al., 2013). If there is no natural nurse, the animals are housed into an artificial rearing system.
Removing piglets from their mother at an early stage affects their animal welfare (Rzezniczek
et al., 2015). Schmitt et al. (2019) showed the detrimental effects of artificial rearing on piglets’
behaviour, growth and welfare. Due to a lack of appropriate stimuli for accommodating the
behavioural needs of the young piglets, they tend to perform abnormal behaviour (Widowski
et al., 2005). In the artificial housing systems, the piglets get milk replacer, pre-starter feeding
and water ad libitum, but piglets have also the need to suckle. This need is often not fulfilled in
artificial nurseries (Widowski et al., 2005). The milk is usually taken from a nipple drinker with
an open liquid level. Widowski et al. (2005) showed that feeding systems that accommodates
both suckling and massage can significantly reduce piglet-directed behaviour and may

facilitate social housing of artificially reared piglets (Widowski et al., 2005).

Previous research mainly focussed on pre-weaning behaviour of artificially reared pigs
(Rzezniczek et al., 2015; Schmitt et al., 2019). Rzezniczek et al. (2015) found out that the well-
known signs of stress after weaning also occur in this early stage of life. The piglets showed
vocalisations, development of abnormal behaviours and growth impairments (Orgeur et al.,
2001). One of the typical reactions of pigs to stress is abnormal behaviour such as tail biting
(Weary et al., 2008). Schmitt et al. (2019) detected more agonistic interactions as well as oral
manipulative behaviours (ears, tails, belly nosing) during nursery period. Belly-nosing during
suckling period for instance is rarely observed in sow-reared piglets whereas the occurrence
is higher in early-weaned piglets (Weary et al., 1999; Worobec et al., 1999). This abnormal
behaviour is considered as a substitute for the natural suckling (Widowski et al., 2008). As
there is no sow, the piglets show these behaviours to each other (Widowski et al., 2005). Apart
from early weaning stress, artificially reared pigs are housed in lower space allowance (about
1 m?) than piglets from other farrowing systems (about 3.6 m?) (Baxter et al., 2013). This also

influences the behaviour of the animals.
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Regarding the performance Cabrera et al. (2010) and van Beirendonck et al. (2015) found
heavier weaning weights in artificially reared piglets compared to sow-reared piglets but in later
development, the higher weights could not be maintained (Cabrera et al., 2010). Cabrera et al.
(2010) also measured a lower carcass quality at slaughter of artificially reared piglets.
However, the early forming of a group and keeping it stable over time also has advantages:
The positive effect of early socialisation of piglets during suckling before weaning also includes
long-term benefits of the social behaviour (D’Eath, 2005). After regrouping these pigs built a
new hierarchy more quickly. This can affect agonistic behaviour as well as tail biting in a
positive way (Coutellier et al., 2007; D’Eath, 2005).

The aim of the study was to find out whether artificial rearing during nursery period can have
effects on the pigs particularly regarding tail biting and their long-term development. A
comparison of different housing systems during nursery period including artificially reared pigs
and conventional farrowing crate pigs concerning tail lesions and losses, skin lesions, daily

weight gain and carcass traits was conducted.

2 Animals, Material and Methods

The dataset comprised of 427 rearing pigs and 157 fattening pigs. The data was acquired from
Mai 2017 to August 2018 at the research farm Futterkamp at the chamber of Agriculture of
Schleswig-Holstein located in horthern Germany. Within five batches, cross-breeds (Pietrain x
(Large White x Landrace)) were housed docked (224 pigs) and undocked (203 pigs) (batch 1,
2 and 4 docked animals; batch 3 and 5 undocked animals). Males were raised as intact males.
During nursery period (from farrowing until 27th day of life) the piglets were kept in two different
housing systems: (1) artificial rearing (AR, N=163) and (2) conventional farrowing crate (FC,
N=264).

The AR animals were weaned from their mothers two days post partum (after colostrum intake)
and housed into an artificial rearing system in groups of 12 piglets (0.1 m?/pig). These groups
(artificial litters) contained piglets from three to seven natural litters. The pen where the piglets
spent the first two weeks of the nursery period was a plastic box on stilts. The piglets had a
heating lamp. Furthermore, there was a trough with pre-starter piglet feed and two nipple
drinkers with an open liquid level where the animals were provided milk replacer ad libitum.
Additionally, they had a water nipple drinker. After two weeks in the artificial rearing boxes,
they were transferred to a pen at ground level which offered a higher space allowance (0.29
m?/pig) and mash feed. A heating lamp was offered as well. In the FC, the sows farrowed in a
conventional farrowing crate pen (5.2 m?), where they were fixed permanently until weaning of
the piglets. The piglets had a piglet nest with a heating lamp and they got pre-starter piglet

feed, as well.
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The average litter size was 16.1 live born piglets per sow. As the litter size was adjusted to 14
piglets per sow according to the number of functional teats, an average of two piglets per sow
were weaned two days post partum and rehoused to artificial rearing. According to regular
management practices the heaviest piglets from the litters were transferred to the artificial

rearing system. Consequently, this was an observational study.

After 27 days of suckling the FC piglets were weaned, and FC and AR piglets were rehoused
and regrouped to a conventional rearing system (0.44 m?/pig). 13 pigs were housed per pen
and mixed within their housing system during nursery period (no mixing of AR and FC pigs)
(Figure 1). The FC pigs were born in three to seven litters, consequently they knew at least
one of their new group members because it was one of the siblings. The AR pigs were only
rehoused and one pig from another AR-pen was added to create comparable group sizes. The
rearing pens had plastic flooring and feeding troughs with twelve feeding spaces. The pigs

were housed mixed-sex.

After 40 days of rearing, the pigs were regrouped and rehoused for fattening (0.89 m?/pig) and
sorted by sex. During fattening they were kept in groups of 14 animals. The AR and FC groups
were built of two rearing pens (26 pigs) so twelve rearing pigs left the study. Due to the
regrouping, both AR and FC pigs were exposed to the challenges of a new group. The fattening
pens had concrete flooring and feeding troughs with twelve feeding spaces, as well. The pigs
were fed ad libitum with conventional dry feed adjusted to their age. With reaching 120kg live
weight the animals were transported to slaughter. During their whole life, the pigs always had
access to at least one or several different enrichment materials, for example, pieces of wood,
ropes, jute bags or troughs filled with dried peas and grass pellets. If an outbreak of tail biting
occurred, pigs were offered additional or renewed enrichment material. Both groups were

treated the same.
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Nursery period Rearing period (N=13) > Fattening period (N=14)

Rehousing without
regrouping
AR Artificial litter
+ 1 pig
FC

Figure 1. Experimental design (N = number of pigs per pen, AR = artificial rearing, FC =
farrowing crate).

All animals were housed in accordance with EU (European Directive 2008/120/EC) and
national law (Animal Welfare Act (18/05/2016), Animal Welfare and Animal Husbandry
Ordinance (05/02/2014).

2.1 Recorded traits

Tail lesions and losses

The scoring of tail lesions and losses started one day after rehousing for rearing pens. The
piglets’ tails were scored individually once a week starting at 28 days after birth for 18
assessment weeks using a modified Schwarzenauer key (Abriel and Jais, 2013). The assessor
entered the pen. If there were no visible lesions the tail was scored “0”. A tail “lesion” means
that the tail has slight scratches or bite marks (score 1), a “severe lesion” shows deeper, flat
lesions (score 2) and a “very severe lesion” would be a deep flat lesion which is greater than
2 cm (score 3). For the statistical analysis, the tail lesion score was summarised due to the low
occurrence (<2 %) of severe lesions into “no tail lesions” (0) and “tail lesions” (1). Tail losses
were divided into quarters of the tail, which resulted in score 0 (intact tail) to score 4 (100 %
lost). These scores were also summarised into “intact tail“ and “tail loss“ due to very low

occurrence (<5 %) of losses of more than one quarter.

Skin lesions

One day after rehousing for rearing the assessment of skin lesions started. During rearing, the
skin lesion scoring took place biweekly, during fattening period the animals were scored every
fourth week. Additionally, the pigs were scored the week before and after rehousing for
fattening. This resulted in a skin lesion scoring in weeks 1, 3, 5, 6 (rearing) and weeks 7, 11,
15 (fattening). The pigs were scored following the Welfare Quality® assessment protocol
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applied to growing and finishing pigs (Welfare Quality®, 2009). The assessment was carried
out by three assessors, who had completed an internal training and observer cross check. For
each assessment at least two of the three persons were present. The assessor scored the
animal’s front on the right side from approximately 0.5 m. The scores were grounded on the
number of lesions. A scratch longer than 2 cm or two parallel scratches with only 0.5 cm
between them or a small wound with a diameter of maximum 2 cm was considered “one
lesion”. A bleeding wound between 2 and 5 cm or a healed wound greater than 5 cm was
considered “five lesions” and a deep open wound greater than 5 cm was considered “16
lesions”. The skin lesion score ranged from A to C: according to the number of lesions, the
body part was scored for no or up to 4 lesions (minor lesions, score A), for 5 to 10 lesions
(moderate lesions, score B) and when more than 10 lesions were visible (severe LS, score C).
In this study only the skin lesions of the front body have been considered (Welfare Quality®,
2009). For statistical analysis the scores were summarised into a binary trait, (O (no lesions)

and 1 (skin lesions)) because of the very low occurrence (<5 %) of severe lesions.

Performance traits

The staff of the farm recorded the birth weight, the weight at 27 days of age, the 40-days weight
and the sales weight. The animals were weighed individually (identification via individual ear
tags). The absolute weights were converted into daily weight gains (g/day) per period for
analysis. All animals were slaughtered in the same slaughterhouse in Northern Germany. The
Auto FOM IIl method was applied (Choi et al., 2018). The carcass weight and the weights of
all cuts per animal were recorded. For further analysis the slaughter weight, the lean meat
percentage and the ham weight were used as a selection of the most relevant carcass

parameters (Weatherup et al., 1998).

2.2 Statistical analysis

The data analysis was conducted with SAS® 9.4 (SAS Institute Inc., USA). The binomial data
as tail lesions, tail losses and skin lesions were analysed by GLIMMIX procedure. The MIXED
procedure was used for data for where a normal distribution could be assumed (performance
traits: daily weight gain and carcass traits). For each parameter the model with the lowest
values for ‘Akaike’s information criterion corrected’ AICC (Hurvich and Tsai, 1989) and
‘Bayesian information criterion’ BIC (Schwarz, 1978) was used for further evaluation. The
significance of differences in the least square means for each model was adjusted with the
Bonferroni-correction to correct for multiple comparisons. For the models the fixed effects
housing system during nursery period (AR, FC), docking status (undocked, docked) and sex

(male, female) were examined.
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In the GLIMMIX models based on scoring data (tail lesions, tail losses and skin lesions), the
interaction batch*pen was used as a random effect. The model of the tail lesions was
calculated over all 18 assessment weeks to show the development of the lesions.
Consequently, an additional effect of assessment week (1-18) and assessment week nested
within the interaction between farrowing system and docking status was added to the model.
The tail loss models were calculated for the end respectively of rearing and fattening period.
Moreover, the analysis was conducted for undocked pigs due to nearly no occurrence of tail

losses for docked pigs. Therefore, the docking status as fixed effect was dropped.

There were two models for the skin lesions. One contained the day after rehousing for rearing

and one was calculated for the day after regrouping and rehousing for fattening.

The analysis of daily weight gains was carried out in stages, so the periods of nursery, rearing
and fattening were analysed separately. The batch and respectively the sow (nursery period)
or respectively the pen (rearing and fattening period) were used as random effects. The weight
at the beginning of the calculated period was used as a covariable to take the different initial
weights of the respective animals into account.

For the models of carcass traits, the batch and the pig were used as random effects.

3 Results

The results show that each used fixed effect was affecting the tested traits significantly (p<0.05)

within a specific model (Table 1).
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Table 1. Statistical significances for the fixed effects of the examined traits (*p<0.05; N = number of pigs).

Tail Skin Performance traits
. Losses . . . . .
Lesions (undocked pigs) Lesions Daily weight gain Carcass traits
Assessment End of End of reDrijyuzfiqug; regDr?)yu?)fifqeg; Nursery Rearing Fattening Slaughter Lean meat
weeks 1-18 rearing fattening for rearing  for fattening period period period weight percentage weight

N 427 194 99 427 157 340 338 143 108 108
Housing system
during nursery 0.71 0.99 0.02* <0.01* 0.58 <0.01* <0.01* 0.81 0.32 0.17
period
Docking status 0.92 -1 -1 0.52 0.85 0.28 0.74 0.05* 0.48 0.13
Sex 0.44 0.08 0.60 0.09 0.93 0.42 0.17 0.47 0.39 0.37
Assessment week <0.01* -1 -1 -1 -1 -1 -1 -1 -1 -1
Assessment week
(Housing system

<0.01* - 21 21 21 21 21 1 1 1

during nursery
period * Docking
status)

Inot included in the final model.
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3.1 Tail lesions

A significant effect of the assessment week nested within the interaction between farrowing
system and docking status and assessment week was observed (p<0.05), while the effect of
the housing system during nursery period, docking status and sex was not significant (p>0.05)
(Table 1).

Regarding the back transformed LS-means of the tail lesions of the undocked pigs during 18
assessment weeks after rehousing for rearing, the AR animals showed fewer lesions than the
FC animals (Figure 2). Most of the assessment weeks the level of AR pigs with tail lesions
stayed under 15 %. Starting in the third week the undocked FC pigs showed a persistently high
level of tail lesions until week 15 (about 25%). The biting of the docked FC pigs is shifted
backwards. Starting in week seven it shows a falling tendency after week 13. The level of tail

lesions of docked pigs was much lower than the level of undocked pigs.

45%
40% Regrouping for fattening

35%
30%
25%
20%
15%
10%
5%
0% AR

8 9 10 11 12 13 14 15 16 17 18

Assessment weeks

Percentage of pigs with tail lesions

= AR undocked === AR docked FC undocked === FC docked

Figure 2. Frequency of back transformed tail lesion estimates during of the rearing and
fattening period for docked and undocked animals per housing system during nursery period
(AR = artificial rearing, FC = farrowing crate).

3.2 Tail losses

The tail losses of the undocked pigs at the end of rearing were not significantly different
although losses were numerically different. No AR pigs suffered any tail loss during rearing
period but 11.81 % of the FC pigs lost a part of their tails (Figure 3). At the end of fattening the
housing systems during nursery period affected tail losses significantly, 6.89 % of the AR pigs
lost parts of their tails. This value was significantly different from the percentage of pigs with
tail loss from the FC (60.23 %).
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Figure 3. Frequency of back transformed tail loss estimates for end of rearing and end of
fattening (undocked pigs), (AR = artificial rearing, FC = farrowing crate)

a-b, A-B: Significant differences between housing systems during nursery period (p<0.05).
*AR had no tail losses during rearing period.

3.3 Skin lesions

The model of the skin lesions showed significant effects of the housing systems during nursery
period for the day after rehousing for rearing but the model for the day after regrouping for
fattening did not show significant effects. The AR animals (21.70 %) had significantly fewer
skin lesions than FC animals (80.20 %) (Figure 4). The effect of the housing systems during
nursery period was apparently no longer present after regrouping and rehousing for fattening.
The housing systems during nursery period did not show significant differences during the day
after regrouping to fattening (AR = 94.11 %, FC = 96.28 %).
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Figure 4. Frequency of back transformed skin lesion estimates for the day after rehousing for
rearing and the day after regrouping for fattening (AR = artificial rearing, FC = farrowing crate)
a-b, A-B: Significant differences between housing systems during nursery period respectively
docking status (p<0.05) within point of time.

3.4 Performance

The models for daily weight gain during nursery, rearing and fattening period showed a
significant effect of the housing system during nursery period and rearing period, but there was
no difference during fattening (p<0.05). The daily weight gain of the docked and undocked pigs
only differed during fattening period. The sex had no significant effect (Table 1).

Regarding the individual differences of the housing system during nursery during nursery
period the AR piglets’ (136.4 g) daily weight gain was only half as high as the weight gain of
the FC (256.0 g) piglets (Table 2). During rearing period, the daily weight gain of the AR piglets
(461.6 g) was significantly higher than the values of the FC piglets (405.6 g). There was no
significant difference of the housing system during nursery during fattening period (AR=920.4
g, FC=927.8 g). The significant difference between undocked (890.5 g) and docked pigs (957.6
g) was only found during fattening (Table 2). There were no significant differences in the

nursery and rearing period.

The models of the carcasses showed no significant differences for the housing system during
nursery and the sexes (p>0.05) (Table 1). The docking status had no significant influence, as
well (p>0.05).
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Table 2. Least square means (LSM) and standard error (SE) of the farrowing systems and
the docking status in performance models (daily weight gain in g) of pigs during nursery,
rearing and fattening period as well as slaughter weight (kg), lean meat percentage (%) and
ham weight (kg).

Farrowing system Docking status

AR FC Undocked Docked
Daily weight gain
Nursery period 136.42(6.2) 256.0° (5.0) 200.92 (6.8) 191.52 (6.0)
Rearing period 461.62 (30.0) 405.6 (28.9) | 430.12(31.2) 437.12 (30.3)
Fattening period 920.42 (27.1) 927.8%(20.8) | 890.5% (24.0) 957.6" (23.3)
Carcass traits
Slaughter weight 98.78%(0.90) 100.862(0.45) | 100.392 (0.68)  99.242 (0.87)
Lean meat 56.792(0.59) 59.542(0.37) | 59.912 (0.45) 56.79? (0.57)
Ham weight 18.622(0.21) 19.622(0.16) | 19.55%(0.16) 18.70? (0.20)

a-b: Significant differences between housing systems during nursery period respectively docking
status (p<0.05) within trait.

4 Discussion

4.1 Stress

Regarding the prevalence of tail lesions in the present study, the level was much lower at AR
pigs than at FC pigs. The number of pigs with tail lesions was increasing for FC pigs three
weeks after rehousing for rearing and the high level stayed until week 15. Tail biting is a
compensatory behaviour of pigs to reduce the stress level (Rushen, 1993; Schragder-Petersen
and Simonsen, 2001). Weaning causes stress due to the separation from the mother,
regrouping and new environment (Weary et al., 2008). The coping hypothesis proposes that
stereotypies reduce the physiological stress reaction linked to environmental impacts (Rushen,
1993). In the current study the assessment of tail lesions started at rearing period. At this point
FC pigs were weaned and rehoused, but the AR pigs were only rehoused. The separation from
the sow and the change of environment occurred already two days post partum for AR pigs
and therefore AR piglets were exposed to early weaning stress according to McGlone and
Curtis (1985) and Smith et al. (2010). Rzezniczek et al. (2015) also assessed signs of early
weaning stress at AR piglets. The current study could not find increased tail biting as a
behavioural abnormality at the AR pigs because the evaluation started after nursery period,
still they started at lower tail lesion levels than FC piglets in assessment week 1. The FC pigs
on the other hand were exhibiting the typical tail biting. Due to the accumulation of stress, they
start to bite in the middle of the rearing period, which can be also found in literature (Veit et al.,

2016). According to the literature, early weaning stress leads to behavioural disorders of AR
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pigs during nursery period (Schmitt et al., 2019; Weary et al., 1999; Worobec et al., 1999). In

the current study behavioural observations weren’t available for this early stage of life.

4.2 Reduced regrouping

It is remarkable that pigs from AR had a lower level of tail lesions. This can probably be
attributed to the fact that the group has been kept stable during nursery and rearing period
(Coutellier et al., 2007). The piglets were grouped two days post partum and stayed in this
group until regrouping for fattening. So, although the AR pigs have been rehoused twice more
often (during nursery period) than FC pigs, they had fewer tail lesions. The positive effect of
reduced stress by early grouping and rehousing in constant groups is already known (Coutellier

et al., 2007) and can be transferred to the situation in AR of the present study.

The conditions after rehousing for rearing were very different for the piglets. The AR pigs were
only rehoused but remained in their familiar group (joined by one additional animal). The FC
pigs in contrast just knew their littermates up to rehousing for rearing. Besides to regrouping
the FC pigs were separated from the mother and rehoused to a new environment. The
regrouping and rehousing after weaning can lead to stress and this can cause aggressive
behaviour (Weary et al., 2008). The formation of a hierarchy requires fights of rank and this
could lead to skin lesions (McGlone and Curtis, 1985). However, the number and intensity of
the ranking fights can vary, depending on the degree of socialisation and the age of the
animals. A stable socialisation can reduce the number and intensity of fights (D’Eath, 2005).
In the current study the consequences of reduced regrouping can be seen at AR pigs, which
show fewer skin lesions than FC pigs after rehousing for rearing. Behaviour analysis would
have been beneficial to evaluate a possible impact of the housing system during nursery here.
The effect of housing system during nursery was not significant after regrouping to fattening.
In contrast to rehousing for rearing, at this time all pigs were regrouped (new groups of 14 out
of 26 rearing pigs) and rehoused. This led consequently to rank fights and the formation of new

hierarchies. Nearly all pigs were affected by skin lesions (>94 %).

4.3 Feeding

Changes in feeding can also lead to stress reactions and thus to tail biting (Taylor et al., 2012).
As usual, the feeding was adapted to the needs of the animals during rearing, at the beginning
of fattening and towards the end of fattening. The number undocked AR animals with tail
lesions increased slightly in week 7 as well as the levels of tail lesions of FC pigs raised in

week 7. The changes in feeding during week 14 appear to have affected the undocked FC

pigs.
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The daily weight gains of the pigs from the two housing systems during nursery differed
significantly during nursery and rearing period. AR piglets did not drink in a natural way, but
they had nipple drinkers. This unnatural way of drinking can lead to a reduced feed intake and
thus cause a losses in weight gain (Widowski et al., 2005). Furthermore, AR piglets often suffer
from severe diarrhoea (Vos et al., 2014). An increased incidence of diarrhoea was also
observed in the current study. This means that they cannot effectively absorb the energy in the

feed and this results in lower weight gains (Vos et al., 2014).

Feeding was always carried out in the same way during rearing and fattening period. According
to comparable results in the daily gains, there were no significant differences between the

housing systems during nursery period in terms of carcass weight, lean meat and ham weight.

4.4 Sexual Maturity

Regarding the tail losses at the end of fattening period there was no differences regarding the
sexes. In literature, several authors found differences (Statham et al., 2011; Zonderland,
2010). The onset of sexual maturity resulted in animals that became more restless due to
hormonal and behavioural changes (Berry and Signoret, 1984). Furthermore, the sex did not
affect the skin lesions which can also be found in other studies (Meese and Ewbank, 1973;
Scollo et al., 2013). Expected differences in sex in daily gains or carcass traits could not be
seen in the current study, neither. Previous findings from literature showed that boars have

higher gains and sows tend to fatten (Weatherup et al., 1998).

4.5 Animal welfare

Apart from all the positive and negative aspects of artificial rearing, it must be considered that
this type of animal housing is not recommended from an animal welfare point of view.
Separation from the sow at such an early stage is ethically questionable. Natural nurses should
be preferred for the piglets that cannot be raised by their mother. However, this is not always
possible, as there are not always slaughter sows available that are used for this purpose. In
addition, the natural nurses do not have any colostrum and therefore weaning should not
happen as two days post partum. There is nevertheless early weaning stress, although the
environment is comparable, and the milk intake can also take place naturally (Cabrera et al.,
2010; van Beirendonck et al., 2015). The economic aspect of artificial rearing should also be
considered in future studies. The care and the feeding of the piglets is expensive. Overall this
includes the question whether a decrease or at least constant litter size should be the current

aim.
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5 Conclusion

Despite concerns on animal welfare, the results show that the AR pigs did not exhibit any
negative conspicuous features on the analysed traits compared to the other two farrowing
systems. They have a lower level of tail lesions and they suffer fewer tail losses. Additionally,
they have fewer skin lesions after rehousing for rearing. The daily weight gain during fattening
period was comparable to the values of FC and the carcass did not show remarkable
differences. Nevertheless, the positive effect of the housing system cannot be separated from
the reduced regrouping effect in the present study. Fewer regroupings and therefore less

stress due to no formation of new hierarchies contribute well to less abnormal behaviour.
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Highlights

e Behaviour observation by non-invasive methods

e Acceptable level of agreement between manual and automated video analyses
e Activity recording by distance measurement

¢ Rearing pigs show two activity peaks

e Activity behaviour changes during rearing

Abstract

Monitoring the activity behaviour of pigs is becoming increasingly important since changes in
behaviour indicate reduced animal welfare, diseases or even an upcoming outbreak of tail
biting. The behaviour of pigs in a conventional rearing system was analysed and evaluated
manually and automatically at the beginning, middle and end of rearing. The manual analysis
was conducted using an ethogram, which divides behaviours into inactive and active. The
activities were assessed every 12 minutes by the point sampling method. Each type of
behaviour was given a weighting which expressed the extend of movement of a pig, and the
sum of movements resulted in an activity index (Al). The automatic evaluation was based on
a computer vision algorithm which fitted ellipses as pigs. The evaluation was focussed on the
centres of the fitted ellipses. The movement of the pigs was recorded (distance index (DI)) by
linking the nearest neighbour ellipses (centres). Manually, an average of 12.65 pigs were
identified per pen, the algorithm found 10.67 pigs and after distance measurement, 9.84 pigs
were detected. The results show that automated analysis has a high accuracy and is only
limited by pigs obscured by objects. Nevertheless, a comparison of the trends of the manual
and automated analyses showed a match of 78.8% per hour. Moreover, Al and DI were divided
into inactive, active and very active (activity) levels, for which the methods showed an
agreement of 69.2% (end of rearing). It was also possible to conclude the animals' behaviour

from the distance moved per pen.

Keywords: Activity; algorithm; nearest neighbour; activity index; behaviour analysis;

distance index

77



1 Introduction

Behavioural observations in modern animal husbandry are becoming increasingly important.
The assessment of behavioural changes to prevent abnormal behaviour or diseases is not only
important for the animals but also for the profitability of the farms (Weary et al., 2009). Live
monitoring of animal behaviour using sensor technologies is becoming increasingly available
(Rushen et al., 2012). Automated analysis can assess movement within groups without using
the biases which occur with direct observation. New technologies lead to high accuracy and in
addition is less invasive (Rushen et al., 2012). Video observations do not interfere with the
animals or farm routines. Manual evaluation of video data is very complex and time-consuming.
This can be simplified considerably with the help of computer vison algorithms. Low-cost
cameras, in combination with image analysis technology, can be used to quickly quantify the
animals’ behaviour (Wathes et al., 2008). In order to evaluate the activity of pigs using analysis
software it is nevertheless necessary to correctly interpret the visual scene using image
analysis techniques (Oczak et al., 2014). Automated analysis enables increased objectivity
and the detectability of small changes in behaviour (Oczak et al., 2014). One method of
automated image analysis is the activity index of Bloemen et al. (1997). This technique allows
the segmentation and quantification of the behaviour of the animals and measures the
responses of the animals to their environment (Bloemen et al., 1997). This type of analysis

records changes in activity at group level but does not classify individual behaviour patterns.

The behaviour of the pigs is an indicator of animal welfare and health, which is related to a
good performance (McGlone, 1991). The level of animal welfare can be derived from the
exploratory behaviours and the requirement of obtaining feeding (Presto et al., 2008). Farmed
animals do not need to protect themselves from predators or look for feed nevertheless they
perform explorative behaviour (Docking et al., 2008). The behaviour of pigs can be divided into
active and inactive behaviour (Docking et al., 2008). While in inactive phases the pigs tend to
rest or to sleep; there are various forms of activity. Starting with feed intake, social and sexual
behaviour, playing or explorative behaviour are exercised throughout the day. Social behaviour
contains body care and contacts with other pigs, which includes for example rank fights (Meyer
et al., 2006; van Putten, 1978; Wechsler et al., 1991). The exploratory behaviour of the pigs
occurs frequently (Wechsler et al., 1991) and is often replaced in modern housing systems, for
example, by tail biting (H6rning, 1993). The activity peaks for food intake and other active
behaviour are observed in the morning and afternoon. During the winter months, this activity
may be shortened according to the light season in the summer months, as both the light and
dark changes as well as diurnal rhythm may have an influence on the activity of the pigs
(Horning, 1993). The nocturnal rest period can last 11-13 hours, while inactive phases during

the day are about three hours (Meyer et al., 2006). In grazing or outdoor enclosures, the resting
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period of pigs is less pronounced than in those kept indoors, as these pigs naturally spend
more time foraging (van Putten, 1978). The inactive phases of the pigs are initiated some time
before by reduced activity, scratching and dozing while standing. Complete relaxation is finally
achieved in the lateral position, in which the pig finds its sleep. Occasionally, it can be observed
that pigs perform walking movements with their limbs while lying down, which indicates that

pigs dream while asleep (van Putten, 1978).

Previous studies have dealt with the automated evaluation of pig behaviour. The authors
recorded activity with the help of an activity index. This index was based on the change in
pixels and thus recorded any movement of the pigs (Costa et al., 2009; McGlone, 1991; Oczak
et al., 2014) or sows (Kuster et al., 2020). Thus, their output was quantified as the number of
pixels moved each second of the recorded videos in relation to the total number of pixels in
the image (Costa et al., 2009; McGlone, 1991; Oczak et al., 2014).

The automatic recording of activity changes or the filtering of unusually high or low activity can
provide information on the well-being of the animals (Presto et al., 2008). Behavioural analysis
can also be used as a predictor of abnormal behaviour such as tail biting (Larsen et al., 2016;
Statham et al., 2009). This is of particular interest for the future housing of undocked pigs

(Gentz et al., 2020) as tail biting is still a large problem with several risk factors (Valros, 2018).

The aim of the study was to evaluate a method of automated activity behaviour analysis of
rearing pigs. For this analysis, a comparison of manual and automatically video analysis was

conducted.

2 Material and Methods

2.1 Data collection

The data was acquired at the research farm in Futterkamp of the Chamber of Agriculture of
Schleswig-Holstein located in northern Germany. The dataset comprises 260 rearing pigs. For
observation AXIS M30-VE Network cameras were used, one camera recorded two pens. The
pigs were observed during the rearing period when they were aged between four and ten
weeks. 13 pigs were housed together with a space allowance of 0.44m? per pig. They were
fed ad libitum with a commercial feed ration. Each pen had three feeding troughs with four
places and two bowl drinkers (Figure 1). The pigs had an additional trough with straw or peas
to enrich the housing environment and they received wood and jute bags or ropes to explore.
The temperature was kept constant (about 28 degrees at the beginning of the rearing period)

with the help of a gas(-powered) heater.
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Figure 1. Pen design: two pens (each 1.27 x 4.48 =5.69m?) recorded by one camera with an
identical pen design; 1= bowl drinker, 2=feeding trough, 3=additional feeding trough, 4= gas
heater.

2.2 Manual video analysis

2.2.1 Data analysis

For the data analysis, one day at the beginning, in the middle and at the end of the rearing
period were used (day 3, 17 and 31). On all three days, the recordings between 06:00 and
18:00 hrs were used. The manual video analysis was conducted with the Noldus Observer XT
14 software. An ethogram was developed to evaluate the behaviour (Table 1). The behaviours
were divided into active and inactive whereas inactive pigs were lying, and active pigs were
sitting, eating, drinking, walking/standing or interacting with enrichment material or other pigs.
The lying included the lateral and abdominal position, but also the cluster position, in which a
certain lying position is not necessarily precisely defined. Although sitting is a compromise
behaviour, it was regarded as active (Wennrich, 1978). Sitting serves as a transition between
standing and lying (Lang, 2004; Schultze, 2008) and may also indicate reduced well-being
(Arellano et al., 1992). All behaviour patterns except for lying were defined as active. In addition
to the ethogram, deviations were recorded, including pigs concealed by the heater or feed

pipes, but also when the pigs were outside the edge of the picture.
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Table 1. Ethogram used for manual video analysis (following Hubner-Weitz (2010), Klein
(2016) and Pflanz (2007)).

Definition

Active behaviour

Sitting claws of the extended front limbs touch the ground,
ischial tuberosity and hind limbs also rest on the
ground, the head is kept off the ground

Eating mouth is at the feeding trough
Drinking mouth is at the drinking trough
Walking/Standing only the claws touch the ground, at least three

limbs are loaded and are stretched out, the head is
kept off the ground, or it is on the ground with the
trunk

Interactions with enrichment material exploring, plying, sniffing, pounding, biting with the
mouth/trunk at enrichment material

Interactions with pen mates biting, riding, sniffing, fighting behaviour, belly-

nosing

Inactive Behaviour

Lying front and rear limbs as well as stomach and chest
have contact with the ground (prone position,
ventral); head, shoulder and parts of the back also
have contact with the ground (lateral position); lying

on pen mates (cluster position)

The data acquisition was carried out using the point sampling method (Martin and Bateson,
2006) during daytime. Every 12 minutes a picture of the pen was taken, and the respective

number of animals per behaviour was recorded.

2.2.2 Activity Index

To enable comparability with the automatic analysis method, an activity index was developed.
For each type of behaviour, a ranked weighting was established, which expressed the extent

to which this activity represented movements of the animals (Table 2).
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Table 2. Activity weighting of different behavioural patterns.

Behaviour Activity weighting
Lying 0.01

Sitting 0.03
Eating/Drinking 0.1
Walking/Standing 0.65

Interaction with enrichment material 0.65

Interaction with pen members 1

The sum of the activity weightings (wi) for each pig (i) results in an activity index per pen (Al),

which can be a maximum of 13 (13 pigs per pen).

The Al was used for further analysis.

2.3 Automated video analysis

2.3.1 Automated detection of pigs

For the automatic video analysis, the instance segmentation method described in Briinger et
al. (2020) was used to detect the pigs in the individual frames of the videos. Based on manually
annotated images of similar housing systems from previous studies, a deep neural network
was trained to detect the positions and orientations of the pigs. The detections were
parametrised as ellipses and stored in a database.

Ellipses are often used to approximate the outlines of pigs (Kashiha et al., 2013; McFarlane
and Schofield, 1995; Nasirahmadi et al., 2015), since they only need five parameters and still
sufficiently trace the outline of the animals without including too much background, as it is often
the case with bounding boxes.

The network used is a U-Net (Ronneberger et al., 2015) architecture equipped with two heads
to produce pixel embedding and a categorical, pig body, part segmentation of the input images
(Figure 2).
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Figure 2. Example results from the neural network. From left to right: a) original input image,
b) instance segmentation based on the clustering and c) the extracted ellipses. The filled part
of the ellipses shows the identified orientation.

The network is trained to layout the individual pixels in the embedding space such that pixels
which belong to the same animal form a cluster, and clusters representing different animals
are pushed apart from each other. In a post-processing step, these clusters are extracted using
the density-based clustering method HDBSCAN (Campello et al., 2013).

The simultaneously created segmentation of the input image can be used to limit the clustering
to those pixels that belong to the animals and thus exclude the background. Back projecting
the clusters into the image-space yields the pixel-precise segmentation of the individual

animals to which the ellipses are fitted in a final step (Fitzgibbon and Fisher, 1995).

2.3.2 Processing of automatic data

For each time point of the manual analysis, a video length of five seconds was considered,
represented as 50 frames in a sequence. For each of these frames, the predicted pigs were
represented as ellipses from the previous step. In order to examine the motion of the pigs
within the 5s under study, a mapping of ellipses from one frame to the following frame was
established. The mapping procedure proceeded as follows for all consecutive frames. To map
ellipses of frame t to those of the following frame t+1, the Euclidian distances d (ei,ej+1) of all
ellipses €it(i=1,2...) of frame t and all ellipses ejw1 (j=1,2...) of frame t+1 based on the ellipses
centres were calculated. Afterwards, the ellipse pairs were sorted in ascending order according
to their distance and performed a “greedy” (locally optimal choice) selection of ellipse pairs.
Starting from the minimal distance dmin, the corresponding pair of ellipses was selected and
the ellipses put in a list L. The next ellipse pair was then assessed and the pair put in L if none
of the single ellipses of the pair was already contained in L. The procedure continued until the
distance of a pair exceeded 150 pixels. Setting a maximal distance threshold of 150 pixel was
mandatory since this was the maximal, biologically reliable distance a pig can move in the time
from one frame to another. For the tracing back of the ellipses throughout all sequential frames,
the ID of the precursor ellipse as well as the ID of the first ancestor ellipse of each mapping
was stored. Finally, for each time point, a list of mapped ellipses resulted, the number of frames

the mapping assessed and the distances the ellipses moved along the mapping.
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The automatically detected ellipses were mapped and then filtered. Only pigs that were

mapped at least 48 times in succession were considered.

2.3.3 Distance Index

Each determined ellipse was mapped, and the distance covered was then recorded as
described above. The sum of the distances (di) over all pigs (i) in the pen per sample point

was combined to a distance index.

The DI was used for further analysis.

2.3 Comparison of manual (Al) and automated analysis (DI)

The statistical analysis was carried out using SAS 9.4 (SAS R Institute Inc, 2008). The data
from the manual and automated evaluation were compared on a pen basis (Al vs. DI), as there
was no individual animal tracking with a unique identification. In total, 3,058 sample points and

152,900 frames were used.

2.3.1 Pig detections per image

The first step was to compare how many pigs had been detected manually and automatically
by the algorithm and to determine the number of pigs still found after mapping. A boxplot was

used for this analysis.

2.3.2 Course of activity over rearing period

To investigate the course of the mean activity per pen and day during the rearing period
(beginning, middle, end), the mean values per sample point were calculated by the MEANS

procedure for all pens. Furthermore, the mean values per hour were calculated.

2.3.3 Gradient

The values representing the activity level were manually expressed by Al and automatically
expressed by DI. The difference quotient (DQ) was used to record whether the activity level
had decreased or increased from hour to hour during the day regarding the manual,
respectively the automated, analysis.

_ Dl — DI

pQ=_—u1 't
= AL, — Al
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To compare the gradients (Grad) of Al and DI, the values of DQ were distinguished into
increasing (+1), constant (0) or decreasing (-1). The FREQ procedure was used to calculate
the identical trends of Al and DI for the sample points (every 12 minutes) as well as the trends
per hour.

1,if DQ > 0

Grad =4 0,ifDQ=0
—1,otherwise

The mean activity per sample point respectively per hour over all pens was calculated.

2.3.4 Distribution of activity (Al) and distance index (DI)

The activity levels of the pens were analysed by UNIVARIATE procedure, to evaluate inactive,
active and very active behaviour. The distributions of Al and DI were structured and compared.
The 10th percentile limited the border to inactive behaviour and the 90th percentile was the
limit for very active behaviour. Thereby, the distribution was calculated for beginning, middle

and end of the rearing period.

3 Results

3.1 Pig detections per image

The comparison of the detections shows that most pigs per pen were found manually (mean
12.65, Figure 3). The automatic evaluation found on average 10.67 pigs, whereas 9.84 pigs
were found after mapping. The deviations in the manual evaluation were only downwards while

the whiskers automatically reached in both directions.
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Figure 3. Pig detections per pen: boxplot analysis of manual counts, ellipsis detections and
ellipsis detections after mapping.
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3.2 Course of activity over rearing period

At the beginning of the rearing period, the Al showed a two-edged curve per day (Figures 4a
and 4b). The first peak can be seen around midday and the second peak can be seen in the

afternoon. The DI and Al course were comparable, but the peaks of the DI were less striking.
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Figure 4a. Course of activity over the day, mean per sample point: beginning of rearing period.
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Figure 4b. Course of activity over the day, means per hour: beginning of rearing period.

In the middle of rearing, the curve of the Al per day showed two peaks: in the morning and in
the evening (Figures 5a and 5b). The peaks of the DI can be found in the afternoon and, in the

evening, as well.
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Figure 5a. Course of activity over the day, mean per sample point: middle of rearing period.
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Figure 5b. Course of activity over the day, means per hour: middle of rearing period.

At the end of rearing period, there was an activity peak in the later morning and in the afternoon,

which was shown by Al and DI (Figures 6a and 6b)
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Figure 6a. Course of activity over the day, mean per sample point: end of rearing period.
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Figure 6b. Course of activity over the day, means per hour: end of rearing period.

In general, Figures 4b, 5b and 6b, using averages per hour, smooth the course of the activity
per day. Using sample points, Figures 4a, 5a and 6a show more bias. Comparing the courses
of activity of the beginning, middle and end of the rearing period, the Al showed a decreasing
tendency of activity during the rearing period. The DI, in contrast, displayed the lowest values
at the beginning of rearing followed by the end and the highest activity was assessed in the
middle. Moreover, activity during the afternoon in the middle and end of rearing period is at a
higher level than at the beginning. The gradient per hour (Figures 4b, 5b, 6b) was used for the

comparison of the general activity levels (3.3).

3.3 Gradient

The gradient was calculated for the comparison of the trends between Al and DI at the
respective time during rearing (Table 4). Comparing the values every 12 minutes, the
agreement reached values of maximum 50.4% (middle). After calculating the mean values per
hour and comparing their trends, a high degree of agreement can be observed (up to 100% at
the end of rearing). These findings confirm the virtual interpretation presented in Figures 4b,
5b and 6b.

Table 4. Comparison of the proportion of identical gradients per time point (beginning, middle,
end of rearing period).

Relative frequency of identical trend

per sample point means per hour

(Figures 4a, 5a, 6a) (Figures 4b, 5b, 6b)

Beginning of rearing period 44.4% 81.8%
Middle of rearing period 50.4% 54.5%
End of rearing period 52.0% 100%
%] 48.9% 78.8%
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3.4 Distribution of activity (Al) and distance index (DI)

The analysis of the distribution showed that the inactive percentile (10%) only contained lying
pigs, without presupposing this (see Table 5, Al=0.13), regarding all three time points of
rearing. The 90th percentile (very active level (Al)) increased from the beginning to the middle
and decreased again. The values of the Dl increased slightly during rearing time at both activity
levels (inactive and very active). The matching of the distributions within the respective activity
level went up to 69.2% (end).

Table 5. Distribution of Activity Index (Al) and Distance Index (DI) over the three time points
(beginning, middle, end of rearing period) and comparison of the matching of Al and DI per
pen and time point.

Activity level

; Matching of
Inactive Active Very Active Al and DI
< 10th 90th Eirc;entlle = 90th per pen and
percentile 10th percentile percentile time point
o Al 0.13 0.13>x>4.06 4.06
Beginning of 58.2%
rearing period DI 177.66  177.66 > x> 1110.72 1110.72
Middle of Al 0.13 0.13>x>4.3 4.3 65 6%
rearing period DI 223.83 223.83>x>1247.28 1247.28
Al 0.13 0.13>x>3.86 3.86
End of 69.2%
rearing period DI 312.80 312.80>x>1338.01 1338.01

4 Discussion

4.1 Pig detections per image

The manually and automatically detected numbers of animals differ (see Figure 1). The main
reason was the occasional presence of gas heaters, which covered the view of the cameras.
Humans were able to count the visible animals that were visible and deduce their behaviour
from the heads or the legs although the gas burner inhibited the view on the whole pig. The
algorithm did not recognise an animal in these cases and therefore the average number of
animals was lower. This occurred frequently especially at the beginning of the rearing period,
as the heaters were removed when the animals became older. The value of the pig detections
after mapping was lower because of the data processing in which mappings of less than 48

frames were deleted.

89



The optimisation of the automated detections could be achieved through a possible
improvement of the image material. However, the experiment was carried out under practical

conditions and it was therefore not possible to completely avoid disturbances in the picture.

4.2 Course of activity over rearing period

The general activity level at the beginning, in the middle and at the end of rearing was different.
The activity levels differed in the course of the day as shown by Costa et al. (2009) and
Stukenborg et al. (2011). A normal daily routine describes the feed intake in the morning,
followed by a resting period around midday, and in the afternoon the animals show social
interactions until they finally come to rest (Stolba and Wood-Gush, 1989). There were two
activity peaks on all three days of the rearing period in the midday hours, in the early afternoon
or in the evening. Stukenborg et al. (2011) observed a two-peak curve as well while analysing
agonistic behaviour in rearing pigs. A high activity level in the afternoon was also detected by
Costa et al. (2009) and Caley (1997). Particularly in the older pigs at the end of the rearing,
active behaviour can be observed throughout the afternoon, which is mainly related to the
animals’ behaviour at the feeding trough according to Fraser et al. (1991). Similarly, in the
current study, almost half of the active behaviour in the late afternoon could be attributed to

eating.

By comparing Al and DI, especially in the morning, higher DI than Al values can often be
observed proportionally. A morning active phase is typical for pigs (Caley, 1997). Because the
Al contained only one frame, the behaviour could be recorded, but the level of movement was
always the same for one activity. Indicating that an animal was e.g. eating, the level of activity
remained the same. When the animals get up in the morning and all of them go to feed, there
is usually a higher level of activity in the pen than if a single animal goes to feed in the
afternoon. This aspect could not be considered by the Al. With the DI method, this was
different. However, since the DI method includes several consecutive frames, the activities can

be recorded at different intensities.

The evaluation of the activity on an hourly basis commonly used in livestock behaviour analysis
can also be found in the literature (Costa et al., 2009; Stukenborg et al., 2011). Using averages
per hour smooths the course of the activity per day. The bias which can be found in the analysis

per sample point is straightened.

4.3 Gradient

The above-mentioned aspect of the different evaluations of individual activity levels concerning
Al and DI was also evident when comparing trends. In this case, the most relevant activity was
the behaviour of walking/standing, which was mainly responsible for differences in the value
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ranges. It was not possible to differentiate whether a pig was walking or standing on one frame
(Al) whereas the DI recorded the distance (a walking pig caused higher DI than a standing
pig). In addition, there were several types of lying. The pigs can be lying while sleeping or while
resting (Docking et al., 2008). A sleeping pig is does not move for a length time while a resting
pig does not move for a shorter time. The Al recorded inactive, whereas the DI analysed low
activity. With Al and DI, it was not possible to detect the way of lying, but there are differentiated
algorithms to monitor pigs lying on their bellies or on their sides (Nasirahmadi et al., 2019).
However, this study does not conclude information on behavioural abnormalities. Other
methods for the automatic recognition of activity neither differentiate for example resting or
sleeping, but lying indicates an inactive pig (Costa et al., 2009; Oczak et al., 2014). Due to the
pixel change, an animal is generally defined as active when a level is exceeded, not
considering whether or how many of the animals were resting or sleeping (Docking et al.,
2008). By comparing the activity on an hourly basis, activities of varying intensity can be

smoothed, and comparability of rearing phases and other studies also increase.

4.4 Distribution of activity (Al) and distance index (DI)

The comparison of inactive and active phases of the day is normally used to evaluate activity
behaviour in literature (Costa et al., 2009; Docking et al.,, 2008; Oczak et al., 2014).
Consequently, the Al and DI were divided into inactive, active and very active phases. The
development of Al during the rearing period showed a constant number of inactive pigs. An Al
of 0.13 indicates that all the pigs were lying in the pen. Regarding the very active (90th)
percentile of activity the Al showed the highest values in the middle of rearing, whereas the DI
increased slightly over time. In the first week after weaning, the pigs explored their new
environment and needed to find a new hierarchy (Friend et al., 1983). The increasing DI can
result from the growth of the animals. The lower Al at the end of rearing might be a result of
growth as well. Generally, the space allowance in the pens decreases over time so there might

be less space for a high activity level. However, both indices showed a matching of up to 70%.

4.5 Further studies

Automatically video analysis has great potential to measure activity within groups of pigs. A
possible tracking algorithm of individuals would improve this method (Rushen et al., 2012).
The non-invasive methods can help to optimise animal welfare by analysing the animals with
a very high accuracy (Rushen et al., 2012). As the activity of pigs changes before a tail biting
outbreak (Larsen et al., 2016; Statham et al., 2009), quick video analysis systems could help
to prevent abnormal behaviour or diseases. A combination of body part detection (e.g. the tail)
(Psota et al., 2019) and scoring of tail lesions (Bringer et al., 2019) might offer potential for an

early warning system for tail biting.
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5 Conclusion

Comparing the manual (Al) and automatic (DI) evaluation displayed similar activity patterns at
the three points of time during the rearing period. The trends that represent the daily course
achieve a high degree of agreement (up to 78.8%) on an hourly basis, which is commonly used
in livestock behaviour analysis. The automatic investigation of separate activity levels
confirmed the manual method, especially in the inactive phases. The range of values that the
DI adopts for a certain behaviour could be investigated in further studies to be able to obtain
more precise information on animal behaviour. Moreover, adequate definitions of manual and
automatic behaviours are necessary to develop a practical, implementable tool (e.g. to detect
tail biting).
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GENERAL DISCUSSION

The aim of the present dissertation was to evaluate the effect of different farrowing and rearing
systems on tail lesions and losses of rearing and fattening pigs. The focus was to investigate
the differences of docked and undocked animals. The general levels of tail lesions and losses
of the different housing systems over time were related. Subsequently, pigs with differing
intensities of tail lesions were compared and their specific characteristics were identified. A
comparison of the long-term effects of artificial rearing and housing was conducted in pens
with conventional farrowing crates during the nursery period with special emphasis on tail
biting, skin lesions and performance traits. Finally, the level of activity behaviour during rearing

was determined and an automatic and manual analysis method were compared.

Scoring of pigs’ tails

Tail biting causes many welfare and health problems for pigs (D'Eath et al., 2014;
Munsterhjelm et al., 2017). The extent of the risk factors and thus also their effects on primarily
undocked animals varies between farms (Schrgder-Petersen and Simonsen, 2001). To assess
the extent of tail biting, so-called scoring keys are used, as in Papers One, Two and Three,
which mainly assessed tail lesions and losses. In order to facilitate the comparability of studies,
it would be reasonable to use the same scoring key, but different scoring keys have been used
by different working groups (Honeck et al., 2019). The so-called "Deutscher Schweine-
Boniturschlissel" was developed for Germany at the end of May 2017 (FLI, 2017); it enables
national comparability through a standardised scheme. There is no common solution for
international comparability so far. The main difference between the scoring keys depends on
whether tail lesions and losses are recorded separately (Abriel and Jais, 2013a; Naya et al.,
2018; Veit et al., 2016b) or simultaneously as one measurement (e.g. small bite marks but tail
is intact or medium-sized wounds, part of tail removed) (Statham et al.,, 2011; van
Nieuwamerongen et al., 2017; van Nieuwamerongen et al., 2015). Considering the first tail
biting event, it is useful to measure both parameters together because a severe lesion usually
causes a loss and a minor lesion can normally heal without loss (Honeck et al., 2019).
However, if tail biting occurs more than once, it is difficult to separate old and new lesions and
losses if they have been assessed simultaneously before. Therefore, it is preferable to evaluate
the development lesions and losses apart from each other. In order to determine the age of
the lesion, the freshness of blood is frequently used (Honeck et al., 2019). This parameter is
positively correlated with tail lesion, which means the more lesions the higher the likelihood of
blood at the tail (Ursinus et al., 2014). Although this correlation renders the recording of both

parameters redundant, the assessment of blood at the tail provides additional information on
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the age of the wound (Keeling et al., 2012). This knowledge enables the assessor to determine
whether the biting is acute and happened just before the assessment or if the biting had
happened in the recent past (Holling et al., 2017). Anyway, since freshness of blood can easily
be seen and detected on the animal and pen, it can be a helpful tool for farmers to detect tail
biting and to rate whether their intervention measures to prevent tail biting outbreaks have
been successful (Zonderland et al.,, 2008). While distinguishing the different stages of tail
biting, the assessment of blood is necessary to differentiate the first stage from the second by
absence of blood (Fraser, 1987; Taylor et al., 2010; Zonderland et al., 2008). In the second
stage, the tail shows severe bloody lesions resulting from “sudden-forceful” biting behaviour.
Another additional parameter for scoring keys is tail posture (Larsen et al., 2016). The tail can
be curled up, hanging or squeezed between the legs (Zonderland et al., 2009). Tail posture is
strongly related to tail lesions at the same moment and a squeezed tail between the legs can
predict tail lesions two - three days later (Zonderland et al., 2009). This means, scoring tail

postures increases early recognition of tail biting (Zonderland et al., 2009).

The scientific question is deciding to select the appropriate scoring key because it determines
the required degree of detail. Additionally, the parameters (tail lesions, losses, posture) to be
investigated can be different. Different parameters lead to distinctive conclusions as tail
lesions, losses and blood provide information on tail biting in general and tail posture can be
useful to evaluate the stress level within group (Honeck et al., 2019). Furthermore, it is
necessary to distinguish between complex analyses which correlate with detailed parameters
(Statham et al., 2011), and studies which need to confirm whether tail biting has taken place
or not (Calderdn Diaz et al., 2018). The scoring method to assess the parameters can vary as
well. For example, direct observation (Zonderland et al., 2008) as well as video observation
(D'Eath et al., 2018). can be used for the detection of tail posture. Moreover, direct observation
can be divided into evaluation from inside the pen (Statham et al., 2011; van Nieuwamerongen
et al., 2017), where a detailed analysis can be conducted or from outside the pen, standing on
the corridor, where a simple scoring key is heeded (Scollo et al., 2017; Scollo et al., 2016).
The present study (Papers One, Two and Three) used a modified Schwarzenauer key (Abriel
and Jais, 2013b). The Schwarzenauer key measures tail lesions (by injured surface) and tail
losses (in thirds) in steps (0-3), where 0 means no lesion respectively no loss and 3 stands for
a large surface lesion respectively for a loss of more than two-thirds of the tail. In addition,
swelling and fresh blood are recorded. Since there was no nationally standardised scoring key
at the beginning of the trial in May 2016, this key was used. However, it was slightly modified
by recording the losses in quarters and by recording necrosis in addition to swelling and blood,

as is the practice in the "Deutscher Schweine-Boniturschlissel".
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The complexity of the assessment is additionally dependant on the observer. Trained
observers can use complex methods (Scollo et al.,, 2013) while farmers who rate the tails
during their daily routines need simple scoring keys. Whether the assessment is made on an
animal or pen basis and the degree of detail of the rating key can be significant. Sinisalo et al.
(2010) found that the prevalence of tail biting is non-linearly related to the proportion of
individual pigs with tail lesions. When 50% of the pens are considered to be affected by tail
biting, only 32 % of the pigs had lesions (Sinisalo et al., 2010). In conclusion, the scoring key

needs to be optimised for the respective evaluation, the scientific question and the observer.

Another distinguishing feature is the frequency of scoring. In the present study (Papers One,
Two and Three) the scoring was conducted weekly, so the development of tail lesions and
losses was assessable. This interval was also selected by Veit et al. (2016b) and Naya et al.
(2018) , who also scored tail lesions and losses separately. In the literature, one can also find
studies where the tail was checked twice a week, in this case smaller changes on the tail could
be found (Abriel and Jais, 2013a). In trials which try to provide general group statements, an
extended rhythm of four weeks is used for rating (Statham et al., 2009). There are also irregular
scoring rhythms, which depend on the expected prevalence of tail biting. For example, Ursinus
et al. (2014) scored weekly during the rearing period and every five weeks during fattening.
This means that during the rearing period, more significant changes in the tail can be recorded
and only a general statement can be made about the fattening period. The ability to define the
period of tail biting is also limited by the frequency of the scoring. With weekly recording (Naya
et al., 2018; Veit et al., 2016b) or an equally shorter interval (Abriel and Jais, 2013a), the time
of the outbreak can be determined rather precisely. With a four-weekly observation (Statham
et al., 2009), many wounds have healed (Baumgéartner and Gruber, 2015) and losses are the

only way to determine if an outbreak has occurred in the meantime.

Data analysis

In the current study, generalised linear mixed models were used to evaluate tail lesions and
losses (Papers One and Three). This is a common method for estimating the basic level of
lesions or losses per time point including several fixed effects and has also been used in
previous studies (Hunter et al., 2001; Lahrmann et al., 2017; Li et al., 2017; Naya et al., 2018;
Veit et al., 2016b). The main advantage of this method is that effects can be considered
separately, and the influence of individual parameters can thus be highlighted. However, this
approach is difficult to apply if the effects cannot be separated from each other. The
interpretation of confounded effects is complex because the effect of the individual parameter
can be over- or underestimated. Other evaluations of similar issues have often used Anova or
Chi Square Test (Herskin et al., 2015; Kritas and Morrison, 2004). Since these tests do not
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consider the effects on the animals, these methods were the methods of choice for the present

study.

A survival analysis can be performed to determine when tail lesions occur for the first time and
whether the risk of being bitten varies for potential victims in different weeks of life (Larsen et
al., 2018). Survival analysis is a method that calculates the time until an event occurs, whereby
the events can be, for example, diseases or death (Kleinbaum and Klein, 2012). For the current
study, this method could not be used because multiple risk factors (e.g. docking status, housing
system, sex) were involved in the occurrence of tail lesions respectively tail losses. The survival
analysis assumes that risk factors are dependant or independent from each other (Kleinbaum
and Klein, 2012). A definite division of the effects into dependent and independent factors was
not possible in the present study. In addition, the number of animals differed in the rearing and
fattening periods. A weekly calculation of risk would therefore have been appropriate for those
animals tested over the 18 weeks. An experimental design in which the same animals could
be observed over the entire time would favour this method.

The method of cluster analysis was chosen to separate individual characteristics of pigs
without tail lesions or, in the other extreme scenario, with many lesions throughout their lives
(Paper Two) (Hartigan and Wong, 1979; Sparks et al., 2012). A cluster analysis creates
subsets of a group (clusters) which are supposed to be as homogeneous as possible within a
group with regard to the set of cluster characteristics (Eckstein, 2016). A principal component
analysis can also be used to work out specific group characteristics (Abdi and Williams, 2010).
However, this can only be implemented mathematically if there is a complete rectangular
matrix (Abdi and Williams, 2010), which means that all treatment groups must occur more than
once in all combinations. In the current study, three farrowing systems, two rearing systems
and two docking statuses were tested. Due to the fact that the same population of animals was
not represented in the rearing and fattening periods and that certain test combinations only

occurred once, this approach was not suitable and therefore not available in the present study.

For the examination of large datasets, which should be used to identify similarities of several
farms, for example, a regression tree analysis might be suitable. Griimpel et al. (2018) used
this method to extract risk factors from numerous pig farms. The authors were challenged by
the diversity of the farms to find a statistical method to examine single outstanding risk factors
applying to more than one farm. This method could not be used for the current study because

only one farm was involved and the effects on the pigs were identical for all animals.

In summary, complex statistical analyses require a complete matrix with the replication of all

experimental variations. For this purpose, a constant basic population is advantageous.
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Video analysis of tail biting behaviour

Pigs change their behaviour patterns prior to a tail biting outbreak (Statham et al., 2009). The
most suitable method of non-invasive behavioural observation is the analysis of videos or
recordings (Rushen et al., 2012). This method has advantages compared to direct observation,
the animals could be distracted due to human presence (Rushen et al., 2012). Pigs are more
active during daytime, so most tail biting is conducted in the light hours of the day (Fraser and
Broom, 1990). Tail biting behaviour can be attributed to normal behaviour involving patterns
as suckling, exploration, feeding or social behaviours but several types of tail biting result from
different motivations (Schragder-Petersen and Simonsen, 2001; Taylor et al., 2010). Tail biting
may be detected and thus prevented by monitoring the animals and possible behavioural
changes. Many studies have focused on tail biting victims (Naya et al., 2018; Veit et al., 2016b).
However, a reduction in tail biting might be achieved by improving the knowledge of the biters
(Beattie et al., 2005; Taylor et al., 2010), which could be achieved by using video analysis.
Statham et al. (2009) were able to detect an increased activity level in biters as well as
increased explorative behaviour. In the current experiment, video analysis was used to analyse
the activity behaviour of rearing pigs. The results can be found in Paper Four. The most
important advantage of video analysis is that it does not interfere with the normal behaviour of
the animals (Rushen et al., 2012), compared to direct scoring of the tails, for example. Manual
evaluation of the video recordings is time-consuming and expensive. Automatic analysis in
contrast has a high accuracy and validity and it is also faster (Rushen et al., 2012).
Nonetheless, currently it is not possible to automatically process all questions that can be
answered by manual evaluation. However, this could be achieved in the future through

technical progress and possibly also through a combination of manual and automatic methods.

Characteristics of biters and victims

Previous studies have examined the differences between biters and victims of tail biting. Biters
are often smaller than other pigs in the pen, which could be related to the fact that they have
a reduced feed intake or a decreased nutrient absorption and therefore their explorative
behaviour becomes more pronounced (Schrgder-Petersen and Simonsen, 2001; van de
Weerd et al., 2005). Pigs which are born smaller have a tendency to increased tail-in-mouth
behaviour after weaning (Munsterhjelm et al., 2016). At the start of the fattening period, the
biters are also the smallest animals in tendency (Sinisalo et al., 2012). Zonderland et al.
(2011Db) did not find a difference in size between tail biting performers and neutral animals but
they showed that the victims of biting were larger than the biters. Tail biting could also be an
alternative to agonistic interactions (Wallgren and Lindahl, 1996). Smaller animals are often

inferior in normal fights, so they attack bigger pigs from behind (Fraser and Broom, 1990).
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Frustration caused by being pushed away from the feeding trough or by being removed from
the sleeping place caused by the physical inferiority of smaller animals could be the reason for
the abnormal behaviour (Sambraus, 1985). The current analysis focused on the victims of tall
biting. Occasionally, biters were identified, but these were only rehoused and received no

further attention.

Time point of tail biting

The age and the weight of pigs are influencing factors on the incidence of tail biting (Schrgder-
Petersen and Simonsen, 2001). While studying docked pigs, Sambraus (1985) found that tail
biting only becomes a problem for pigs aged about 90-120 days and Blackshaw (1981)
detected a mean age of 40.7 (£15.5) days for the first outbreak. Nowadays, studies focus on
undocked pigs and it is assumed that the pigs do not have any tail lesions before weaning and
that tail biting is a general problem during the rearing and fattening period (Munsterhjelm et
al., 2013; Zonderland et al., 2011b). However, the development of biting behaviour may be
learned during the suckling period (Schrgder-Petersen et al., 2003) while piglets perform
manipulation of their siblings (Cox and Cooper, 2001; Oostindjer et al., 2011). Tail lesions
gained in the first weeks of life could be so small that they are hardly visible and therefore the
general level of tail biting during the suckling period may be underestimated (Ursinus et al.,
2014).

Previous studies have also focused on different periods during the pig’s life to evaluate tail
biting. Statham et al. (2009) and Ursinus et al. (2014) observed undocked pigs from suckling
until the end of fattening, Zonderland et al. (2009) and Zonderland et al. (2011b) focused on
the rearing period and Wallenbeck and Keeling (2013) only evaluated the fattening period.
Depending on the frequency of scoring and on the period, different numbers of outbreaks have
been detected, thus prevalence also varied. Statham et al. (2009) detected six, Zonderland et
al. (2011b) found 14 and Wallenbeck and Keeling (2013) showed 21 outbreaks of tail biting
during the respective assessment period. Due to the differences in the datasets, not only in
the number of animals but also in the size of the groups, comparability is rather difficult.
However, it should be noted that tail biting is not only a problem of the rearing period but can
also occur during fattening. This is a reason why the periods from weaning to the end of

fattening were evaluated in the present study.

Handling of tail biting outbreaks

Early detection of tail biting outbreaks can reduce impairment for pigs and farmer. Undocked
pigs are housed on several farms but only some of them have tail biting problems because the

risk of this abnormal behaviour can be reduced by intensive animal observation (Veit, 2016a).
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Initial signs of negative influencing factors for the pigs need to be identified and corrected. In
literature, there are several studies which have described intervention methods for tail biting
(Valros et al., 2016; Zonderland et al., 2011a). The identification and the removing of the biter
has turned out to be an efficient measure to stop an outbreak (Valros et al., 2016). This method
seems to be more useful than removing the victim with the tail lesion (Zonderland et al., 2011a)
although there is not always just one tail biter and identification can be challenging (Zonderland
et al., 2011a). The rehousing of the victims might be useful in cases of non-consistent tail biting
in the pen and because of the increased interest in wounded tails (Ursinus et al., 2014).
Another way of distracting the pigs is the adding of enrichment material (Hunter et al., 2001).
In the present study, intervention was practised if an outbreak occurred. New enrichment
material was provided to the pigs and the severely injured animals were medically treated.
When the bitten pigs had recovered, they remained in the pen, but when they suffered, and
the inflammation spread, they were removed and excluded from the experiment. Only in rare
cases could biters be identified; if this was a single animal it was removed from the pen.

However, this was not possible in the case of several biters.

Risk factors of tail biting

Tail biting is a multifactorial problem (Valros, 2018). The risk factors mentioned in the literature
review were also relevant to the present study. With regard to the housing system, the flooring
(Moinard et al., 2003; Schrgder-Petersen and Simonsen, 2001) as well as the enrichment
material need to be considered (EFSA, 2007). In contrast to the conventionally reared animals,
the wean-to-finish animals had concrete flooring from the time of weaning, whereas plastic
flooring was used in the CONV system. Both flooring types do not provide the best conditions
for the bedding of the animals, nevertheless, they are different. Concrete flooring is harder and
may have sharp slats but it also stores and conducts heat, which might be more comfortable
for the pigs. Plastic is more flexible but creates louder background noise. The provision of
enrichment material was equal for all pigs. Both effects were confounded in the effect of the
rearing system and thus were not measured separately. The influences of feeding, such as for
example detected by Hunter et al. (2001), could not be considered here, since all test groups
were fed the same diet. All pigs received the feed in pellet form, so that the risk of different
ingredients, as with liquid feed, could not occur (Palander, 2016). Zonderland et al. (2010)
showed differences of the sexes; this was also detected in the present study as males suffered
more tail lesions and losses. Castrated animals were not included in the experiment and
therefore no comparison can be established. Due to the consistent use of the same genetics,
there have been no findings in this specific area. But most studies use cross breeding in their
trials (Herskin et al., 2015; Naya et al., 2018; Veit, 2016a). Maybe attempts with pure breeding

would be interesting in the future.
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Conclusion

In conclusion, the housing system plays a particularly important role during the rearing period
in influencing tail biting behaviour, with long-term effects on tail lesions and losses. Increased
space allowance and a reduced number of regroupings, as with the wean-to-finish pigs,
appears to have a positive effect in reducing lesions. There remains a large difference in the
number and severity of tail lesions and losses between docked and undocked pigs. Despite
animal welfare concerns, artificially reared pigs benefit from maintaining stable groups and
exhibit fewer tail lesions and losses, fewer skin lesions, and their performance is comparable
to pigs reared conventionally. Fewer regroupings, more space during rearing and therefore
less stress due to not needing to form new hierarchies contribute to less tail biting.
Furthermore, the automatic behaviour analysis has shown to be able to successfully separate
active and inactive time intervals at group level. It promises a high potential, especially

regarding early warning indicators for tail biting.
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SUMMARY

Tail biting is a widespread behavioural disorder in modern pig housing systems. It is defined
as an oral manipulation of a pig’s tail by another. Different types of tail biting are described
throughout the literature which are discernible by the way of biting as well as multifactorial
causes. Due to the prohibition of routine tail docking in the EU, adapted housing systems for

undocked pigs have gained importance.

The aim of this dissertation is to investigate the effect of farrowing and rearing systems on tail
lesions and losses of pigs, with a focus on undocked animals. Different housing systems, as
described below, are taken into consideration as a means to evaluate their influence on

behaviour abnormalities during rearing and fattening periods.

In Paper One, docked and undocked pigs are compared regarding their tail lesions and losses
during rearing and fattening periods. The pigs are housed in three farrowing systems:
conventional farrowing crates (FC); free farrowing pens (FF); and group housing of lactating
sows (GH). Additionally, they are divided into two rearing systems: a conventional system
(CONV), where the pigs were regrouped and transferred to conventional finishing pens at ten
weeks of age; or a wean-to-finish (W-F) system, where the pigs remained in their pens until
slaughter with increased space allowance during rearing. Significant differences in the rearing
systems are observed through the weekly assessment of tail lesions and losses. Fewer lesions
occur for the W-F pigs (maximum: CONV 58.01 %, W-F 41.16 %). Docked animals also
experience statistically significantly fewer lesions than undocked animals. The W-F reared pigs
have significantly fewer tail losses, as recorded at the end of fattening period (CONV 67.63 %,
W-F 38.2 %). In conclusion, a long-term effect of early socialisation does not appear to
influence tail biting, given that farrowing system does not have a statistically significant effect
on tail lesions. Nonetheless, an increased space allowance and reduced regroupings included

in the W-F rearing system decreases the frequency of tail lesions and losses, significantly.

Due to the findings of paper one, pigs with tail lesions were classified and characterised based
on the frequency and duration of the lesion to create a latent parameter. Paper Two
investigates whether pigs with different severity of tail lesions can be separated into biologically
relevant groups using a cluster analysis. Pigs housed in FC, FF, GH and reared in CONV and
W-F are included in the analysis. Animals are indicated according to five lesion groups: from
() no lesions to (V) many long lasting lesions; the separability of the predefined lesion groups
is checked by an animal individual lesion parameter. As docking status is the main parameter
affecting tail lesions, it is also included in the analysis. Using a k-means cluster analysis,

groups | and V, are clearly distinguishable; however, the middle lesion groups are less defined
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within the analysis. In conclusion, not all pigs are affected by tail biting to the same extent.

Docking status as well as increased space allowance can lead to a reduction in tail lesions.

Paper Three examines the long-term effects of artificial rearing (AR) on tail biting and
development of pigs. AR and FC pigs are compared with a focus on tail lesions and losses,
skin lesions, and performance traits. In this study, all pigs are raised in a conventional rearing
system. Results show that AR pigs exhibit fewer lesions than the FC pigs; less than 15 % of
AR pigs had tail lesions. At the end of fattening period, only 6.9 % of the AR pigs had lost parts
of their tails, which was significantly different from FC pigs. AR pigs also have significantly
fewer skin lesions after rehousing to rearing. After regrouping and rehousing to fattening, skin
lesion frequency is not differing. Performance traits differ during nursery period in favour of the
FC pigs, but in contrast, AR pigs have the higher daily weight gains during rearing period.
Fattening period does not have a significant effect. AR pigs exhibit fewer tail lesions and losses
with comparable daily weight gains, which is a result of reduced regroupings and identical
housing conditions during rearing and fattening periods. However, these results should be
critically reflected in terms of animal welfare and economic feasibility, prior to making practical

recommendations.

Paper Four focusses on the activity behaviour of pigs. Animals’ behaviours are recorded and
evaluated manually and automatically at three time points during the rearing period (beginning,
middle, end). The manual analysis uses the point sampling method and determines the
respective activity of every pig every 12 minutes. The automatic evaluation is based on a
computer vision algorithm and records the pigs as ellipses. The coordinates as well as the
centers of the individual animal ellipses are measured. By linking the nearest neighbour
ellipses, the movement of the pigs is recorded within 50 frames, adjusted to the manual time
samples. The evaluation is carried out at pen level. The results show that the manual animal
detection is more precise, but the automated analysis has a high accuracy and is only limited
by objects that obscure the pigs. Humans can interpret the animals’ behaviour, even though
single body parts are not visible, whereas automatic analysis systems have difficulties in
adapting this human knowledge about the shape and movements of animal bodies.
Nonetheless, the daily course of the manually and automatically assessed activity and the
trends of increasing or decreasing activity are comparable. Furthermore, days can be
automatically divided into inactive, active and very active phases with a high accuracy. Overall,

there is a high level of agreement between the two methods of analysis.

In summary, it can be concluded that the housing system plays a particularly important role
during the rearing period in influencing tail biting behaviour, with long-term effects on tail
lesions and losses. Increased space allowance and reduced number of regroupings, as with

the W-F pigs, appears to have a positive effect in reducing lesions. There remains a large
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difference in the number and severity of tail lesions and losses between docked and undocked
pigs. Characteristics of pigs with and without tail lesions are identifiable using a cluster
analysis. Despite animal welfare concerns, artificially reared pigs benefit from maintaining
stable groups and exhibit fewer tail lesions and losses, less skin lesions, and their performance
is comparable to pigs reared more traditionally. Fewer regroupings, more space during rearing
and therefore less stress due to not needing to form new hierarchies contribute to less tail
biting. Furthermore, the automatic behaviour analysis has shown to be able to successfully
separate active and inactive time intervals at a group level. It promises a high potential,

especially regarding early warning indicators for tail biting.
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