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GENERAL INTRODUCTION 

 

Tail biting, which has been reported since the 19th century (Palander, 2016), is abnormal and 

harmful behaviour in pigs. Starting with urbanisation in the course of industrialisation and later 

enforced by food shortages after the Second World War, pig production has changed from 

peasant self-supply to increasingly intensive farming. The focus has always been more the 

nourishment of people and less the welfare of the animals, which can still be observed in 

countries of the Third World. However, with the ongoing intensification of farming, tail biting 

has become more prevalent and problematic due to the increase in the number of animal losses 

and carcass refusals. The first approach to solving the issue of tail biting was to dock tails within 

the first days of life. Docking was and still is carried out without anaesthesia or pain treatment. 

The reasons for this practice are a disproportionate narcotic risk, relatively high costs, and the 

strict narcotics laws in Europe, which forbid the use of anaesthetics by the farmer. However, 

this course of action is no longer contemporary as the supply of meat is nowadays ensured for 

most of the European population (Yearbook, FAO Statistical, 2014). From this wealthy point 

of view, people are realising an increasing awareness of their responsibility for the environment 

they live in, the welfare of the animals they keep, and a growing interest in the process of 

agricultural food production. In consequence, routine tail docking without anaesthesia has been 

banned within the EU since 1994 (91/630/EWG, 1991). The farmer can receive a special permit 

for tail docking if he proves that preventative measures against tail biting have been taken 

without success. Nevertheless, in several European countries, it is still carried out on up to 99 

percent of the agricultural holdings due to the fact that keeping undocked pigs under intensive 

housing conditions is not as easy as might have been initially expected. Given that tail biting in 

undocked pigs – even with a lower prevalence – also occurs in outdoor pig production and 

under organic conditions (Walker and Bilkei, 2004; Alban et al., 2015; Hansson et al., 2000) 

improved husbandry is obviously not capable of preventing tail biting completely. Recent 

results indicate that keeping undocked pigs under intensive conditions with at least a similar 

prevalence of tail biting, as it appears in docked pigs, would require some financial expenditure 

to adapt current housing systems (e.g. to Norwegian standards) and furthermore, increased time 

spent on animal observation to detect an upcoming outbreak at an early stage (Beilage et al., 

2011; Valros and Heinonen, 2015). Such additional capital expenditure and increased workload 
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is often hardly manageable for most farmers, who have to comply with the requirements of 

international markets and the demands of politicians and customers. Thus, holistic approaches 

with a rebuilding of the stable fixtures and fittings remain impracticable on commercial farms 

and are therefore rarely investigated.  

The previous explanations illustrate that tail biting and keeping undocked pigs is a complex, 

multifactorial topic and lots of time have been spent on research. However, up to the present 

day in Germany, no satisfying solutions have been found, as tail biting remains unpredictable. 

In 2015, a meeting of international researchers in Haus Düsse of the Chamber of Agriculture of 

North Rhine-Westphalia concluded that a tail biting outbreak depends not only on housing but 

on an interaction of housing conditions, management systems, and health status (First 

International Workshop ‘Tail Biting’, 2015). Furthermore, stress of any kind was confirmed to 

play a central role in the genesis of tail biting as had already been reported by EFSA (2007). 

However, wild pigs also experience stress during their lives, for example via predator pressure, 

illness, and hunger, but seem to be capable of adapting to and compensating for the situation 

without showing abnormal behaviour such as tail biting.  

Therefore, the first part of this thesis is a literature review, which recaps results on the behaviour 

of pigs under natural, semi-natural and alternative (housing) conditions. Suggestions for a more 

animal-friendly, stable design are made in the third chapter of the review. Following the 

literature review, Chapter One focusses on weaning management and pre-weaning conditions 

as well as its influence on tail biting during the growing period. Weaning management in 

conventional housing systems differs widely from natural behaviour as carried out early, 

abruptly, and often combined with the sudden introduction to a new group. In contrast, wild 

pigs are weaned slowly and the process is not completed until the fourteenth to fifteenth week 

of life (Wood-Gush und Newberry, 1985). They have their first contact with foreign pigs in the 

second week after birth in the presence of their mother (Newberry and Wood-Gush, 1986). 

Social skills develop as they slowly become familiar with those non-littermates. Therefore, 

weaning in human custody probably induces a high stress level in young pigs, which might 

contribute to tail biting. Therefore, the first chapter examines the effects of group housing 

during the suckling period and a prolonged suckling period in conventional husbandry.  

The aim of Chapter Two is based on the consistent findings that organic enrichment material 

can reduce tail biting (Abriel et al., 2014; Beattie, 1995; Valros and Heinonen, 2015; 
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Zonderland et al., 2008). Due to the fact that piglets do not only play with but also ingest this 

material, it has been pondered as to whether positive effects may at least partly result from 

effects on the gastrointestinal tract. Most of the used enrichment material has high levels of 

dietary fibre, which is known to have a positive influence on the health of the digestive tract 

(Leeuw et al., 2008; Wenk, 2001; Di Martino et al., 2013). The piglet alimentary tract is adapted 

to a wide range of vegetarian and carnal food. Under human custody and especially in 

conventional systems, pigs are fed only with fine-milled, low-fibre food to reach a maximum 

of weight gain. But this unnatural kind of food can lead to problems which comprise 

obstipation, lack of satiety, and gastric ulcers. Consequently, pigs might become restless and 

aggressive from pain and hunger, which in turn induces stress. Furthermore, special attention 

should be paid to the potential of dietary fibre to indirectly inhibit gastrointestinal pathogens 

and their toxins, which in turn are suspected to be strongly involved in the genesis of tail biting 

(Jaeger, 2013). To validate the supposed link between ingestion of enrichment material and its 

positive influence on tail biting, piglets are fed with a ration that had an increased level of 

dietary fibre.  

This thesis ends with a general discussion summarising the most important results of the 

previous chapters and discusses the underlying mechanisms of the findings. Furthermore, 

promising ways to predict tail biting are pointed out which may offer perspectives for future 

developments of precision-livestock-farming systems, and thus make it easier for the farmer to 

keep undocked pigs successfully.  
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Introduction 

 

Tail biting in pigs is abnormal behaviour well known in commercial pig production. It appears 

not only in conventional husbandry systems but also in organic and outdoor pig production 

(Walker and Bilkei, 2004; Presto M. H., 2008). Nonetheless, research concentrates on 

conventional farming as tail biting frequently occurs in this housing system when pigs are – 

according to current European law – kept undocked (Hansson et al., 2000). 

Up to now, a huge amount of research has investigated single influencing factors on tail biting, 

which have been summarised by a considerable number of reviews (EFSA, 2007; D'Eath et al., 

2014; Sonoda et al., 2013; Taylor et al., 2009; Valros and Heinonen, 2015). However, despite 

several farmers being ambitious to implement scientific findings and, for example, integrate 

enrichment material in conventional housing systems, there have been only small changes in 

general housing conditions and tail biting is still a problem in docked and especially undocked 

pigs. Thus, initial attempts have been conducted to increase animal welfare and thereby 

decrease tail biting. For instance, piglets and sows are experimental kept in groups during 

suckling to reduce fights after weaning and they receive occupation material, which should 

enable them to express rooting behaviour. But although early life experiences and enrichment 

do have an influence on tail biting, initial results indicate that a sole improvement in housing 

will not solve the problem (Abriel et al., 2014; Valros and Heinonen, 2015).  

Due to the multifactorial character of tail biting, it seems increasingly obvious that a holistic 

approach – in both: research and changes in practical conventional housing – is necessary to 

stop tail biting and face the ban of tail docking. Interestingly, such a holistic approach was 

conducted by Stolba and Wood-Gush and finally summarised in the paper published in 1984 

“The identification of behavioural key features and their incorporation into a housing design 

for pigs” (Stolba and Wood-Gush, 1984). In his family system, four sows were kept in one 

group for several years in enriched, partly open pens with a rooting area, a communal nest site, 

faeces corridor and straw provisions. The piglets stayed with their family until slaughter and 

sows were inseminated during lactational oestrus.  

Even if he did not specially respond to tail biting, it was a promising approach which should be 

pursued and investigated regarding the occurrence of abnormal behaviour. On the other hand, 

it seems impracticable to introduce this system due to more strict emission laws, an increased 
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workload and a probably lower productivity. Wechsler (1996) investigated the production traits 

of a technologically improved version of the family system but did not compare it to 

conventional ones at the time. In his study, Large White and Landrace sows were used and after 

a first period of introduction of the system, he observed 2.15 litters with on average 19.5 reared 

piglets (28 days old) per sow and year (Wechsler; 1996). However, this review of behaviour, 

welfare, and production traits in alternative husbandry systems was inspired by Stolbas’s 

approach to firstly investigate behaviour under natural and semi-natural conditions and then 

move on to behaviour in organic and free-range systems. 

 

Chapter I: Behaviour of pigs under natural and semi-natural conditions 

 

In the late seventies and during the eighties, there were several studies on the behaviour of wild 

and feral as well as domestic pigs in a natural or semi-natural environment in Europe and USA. 

Graves (1984) investigated wild and feral pigs periodically over ten years on Ossabaw Island, 

which lies in the temperate climate zone circa one hundred kilometres to the north of Florida. 

Some time later, Stolba and Newberry observed domestic Large White pigs in the so – called 

‘pig park’ – a 2.3 ha enclosure on a hill near Edinburgh with grassland, running streams, wood 

and gorse areas. These pigs were reared under conventional conditions before being released 

into the pig park. Within one to six months after moving to the new environment they showed 

a rich repertoire of behaviour similar to that of European wild boars in a natural or semi-natural 

environment (Stolba and Wood-Gush, 1989). In 1985, Petersen investigated domestic pigs in 

two enclosures (7 and 13 ha) with meadows, pine woods, peat bogs and rocks. He observed that 

the process of social integration of the piglets in their mothers’ group lasted from week two to 

week seven post-partum whereas most social contacts to non-littermates were peaceful with 

mainly nose-to-nose contacts.  

While Graves (1984) and Stolba and Wood-Gush (1989) investigated nearly the whole scope 

of pig behaviour, Newberry (1985, 1986, 1988) concentrated on behaviour relevant for 

intensive pig housing (manipulation of environment, suckling, social, and comfort behaviour) 

and excluded for example daily activity, excretion, feeding and choose of habitat. Petersen 

(1985) in turn focused concretely on how young pigs are integrated into their mothers’ social 

group. However, the results of the different studies show a lot of similarities.  
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I.1. Daily activity and home range 

 

Pig have been described as both nocturnally and diurnally active whereby daily activity seems 

to be mainly related to differences in location, season, weather, predator pressure and food 

availability (Graves, 1984). The availability of resources and the physical environment also 

determines the extent of the pigs’ home range. Home ranges can reach from less than 100 ha to 

over 2,500 ha. In contrast to territories, they are less defended and crossovers with home ranges 

of other pig groups are possible (Graves, 1984). Pigs prefer a habitat of partly open land with 

forests, and scrubs surrounding surface water or areas which remain moist throughout the year 

(Graves, 1984).  

 

I.2. Comfort behaviour and communal nests 

 

Pigs perform wallowing, rubbing and tusking as comfort behaviour. All of these behavioural 

patterns might also serve for chemical and physical marking of the home range but Graves 

(1989) found no correlation of boundaries of movement patterns with tusking marks. Rubbing 

was often carried out close to the nest and for wallowing the surrounding of the wallow seemed 

to be more important than its geographical position as all observed wallows were in complete 

open areas (Stolba and Wood-Gush, 1984; 1989). Wallowing is carried out throughout the year 

and pigs even break ice to wallow (Graves, 1984), which indicates a high motivation to perform 

this behaviour. However, the frequency of wallowing increases when temperatures rise above 

18 °C possibly because it serves as protection against flies and ectoparasites or for 

thermoregulation (Graves, 1984; Stolba and Wood-Gush, 1989). Pitch pines with a diameter of 

fifteen centimetres are preferred for rubbing but if not available, all other trees and even 

telephone masts are used (Graves, 1984). 

Communal nests with a mean diameter of three meters are preferably built partly sheltered with 

an open view to the south where pigs can warm in the sun. Therefore, they are located on the 

sides or near the top of a ridge or on edges of forests and bush areas (Graves, 1984; Stolba and 

Wood-Gush, 1989). The bed itself might be only a depression in the leaves of the forest floor 

or in a pile of leaves collected by the pig. Nests are built mostly in a distinct distance of feeding 
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sites whereas pigs defecate not directly in the nest but within five to fifteen meters upslope 

(Stolba and Wood-Gush, 1989). 

 

I.3. Exploratory and feeding behavior 

 

Exploratory behaviour is sometimes difficult to distinguish from feeding behaviour, for 

example, when pigs explore their environment by rooting on the ground and at the same time 

ingest roots and insects. This is probably why Stolba and Wood-Gush (1989) summarised both 

and described, that pigs spent more than 50% of their time with feeding and explorative 

behaviour. The ethogram which they used incorporated a lot of manipulative and food 

preparation elements. An investigation of the whole suckling period of fifteen to seventeen 

weeks revealed a bimodal occurrence of high rooting activity in pigs (Newberry and Wood-

Gush, 1988): during the first six weeks of life it seemed to have a playful character whereas 

later on it appeared to be more significant, combined with systematic searching and the 

ingestion of roots. However, rooting and sniffling occupies a large proportion of time. In fact, 

it is even more time-consuming than social interaction (Newberry and Wood-Gush, 1988). 

According to the large time spent rooting, Graves (1984) described the feral Ossabaw pigs as 

hyperphagic and, furthermore, that they needed more time to eat a given amount of food 

compared to their domestic relatives.   

Pigs are omnivores although what exactly they eat is obviously strongly linked to their 

environment and season. In winter, they have to be satisfied with a vegetarian diet whereas in 

summer they also ingest insects, and small vertebrates. In addition, they are fond of carrion 

including pig carcasses (Graves, 1984). 

 

I.4. Reproductive behaviour (breeding, farrowing, nursing, weaning) 

 

Breeding 

Graves (1984) described the mating habits of wild and feral pigs. Sows are polyoestrous and 

can give birth throughout the year with regional preferences. Usually they are either 

monoestrous with piglets in April and May or dioestrous with piglets in January/February and 

August/September. Food has a large impact on the timing of reproduction as oestrus occurs 
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only when food is available, which leads to an indirect correlation with season. Young sows in 

a group are generally at about the same development indicating that oestrus is somehow 

synchronised. After giving birth, lactating sows can be rebred. Boars show interest in the sow 

from the third to fifth week post-partum onwards and fight each other for oestrus sows. The 

winning boar chases and nudges the sow till she urinates. Then he tests the urine by smell and 

taste and either becomes disinterested or continues nudging till she is willing to mate (Graves, 

1984). Mating occurs on average on day 58 post-partum (Stolba and Wood-Gush, 1989). 

 

Farrowing 

All authors described that sows separate from the group approximately two days ante partum 

to search for a nest site (Graves, 1984; Petersen et al., 1989; Wood-Gush and Newberry, 1985; 

Stolba and Wood-Gush, 1989). The fact that the sow separates might be due to form a strong 

social binding to her piglets so they will be able to recognise each other.  

Another sign of an approaching parturition is the swelling of the vulva and the enlarging of 

mammary glands three to nine days before farrowing. One day ante-partum colostrum fills the 

teats (Graves, 1984) and six to four hours before birth the sow starts to build a farrowing nest 

with material collected in a radius of 50 meters (Stolba and Wood-Gush, 1989). Similar to the 

communal nest, it is partly sheltered with at least one open side. The nest itself is a shallow 

depression in the earth or the sow roots leaves to a pile and then makes a depression in the 

centre of the pile (Graves, 1984). Ossabaw feral pigs gave birth to one to nine piglets (five on 

average).  

 

Nursing 

After birth, the sow does not clean the piglets and they have to find the teats on their own 

(Graves, 1984). Teat order is established within three days although the teat order does not 

allow conclusions regarding dominance in other situations (Wood-Gush and Newberry, 1985). 

Graves (1984) described four phases before a suckling order is stable. The first one is the teat-

seeking phase directly after birth. Although their eyes are open, the piglets use their noses to 

identify teats. Once they have found one, they massage the udder vigorously and test different 

teats in a teat-sampling phase. In this phase, they show a vehemently aggressive reaction to 

littermates which want to suckle on the same teat. After two to six hours, the teat-sampling 
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phases become a teat-defence phase when the preferred teat has been chosen and aggression is 

limited to adjacent piglets and those who have not captured a good teat and are still fighting for 

a better position. But, finally, all piglets calm down and the teat-maintenance phase begins 

where piglets no longer fight and alternate between suckling and sleeping. During the first 

week, the sow defends her nest vigorously against intruders but, after this period, other sows 

and their litters are allowed to enter or they nest together in the environment (Newberry and 

Wood-Gush, 1986; Graves, 1984; Petersen et al., 1989). In addition, Newberry and Wood-Gush 

(1986) described that mixing with non-littermates occurs at an age of approximately fifteen 

days. But even if sows with litters of the same age nest together, cross-suckling does not usually 

occur. This might be due to the fact that the suckling grunts of one sow stimulated the others to 

suckle their own piglets whereby a kind of synchronisation happened. However, Petersen et al. 

(1989) observed two cases where a piglet started to suckle from a foreign sow after the sows 

had begun to nest together. In one case, one of the new sow’s own piglets was even supplanted 

from the teats and died twelve days later but none of the authors reported aggressive behaviour 

of sows against foreign piglets. This might be due to the fact that the sows were familiar with 

each other and the initial contact between sows and alien piglets was in the presence of the real 

mother. On Ossabaw Island, they did not only nest together but alternated in guarding piglets 

and foraging (Graves, 1984). The overall frequency of suckling was lower than in conventional 

housing, possibly due to the fact that the sow was busy with foraging. Furthermore, 

unsuccessful suckling occurred as well as under normal housing conditions (Wood-Gush and 

Newberry, 1985).  

 

Weaning 

Natural weaning is a gradual process with no clearly defined finishing point. Observations have 

shown that it is usually completed at fourteen to seventeen weeks of age (Petersen et al., 1989; 

Newberry and Wood-Gush, 1988). Some piglets might wean themselves earlier but the factors 

which support weaning are not clearly identified as it is not related to body weight or sex 

(Wood-Gush and Newberry, 1985; Stolba and Wood-Gush, 1989). Possibly, it is correlated to 

food intake or to ‘curiosity’ as piglets investigated the further environment and missed suckling. 

However, observation of piglets in the so-called ‘pig park’ by Wood-Gush and Newberry 

(1985), Newberry and Wood-Gush (1986; 1988), and Stolba and Wood-Gush (1989) as well as 
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investigations by Petersen et al. (1989) in Sweden all revealed a ‘timeline of weaning’: piglets 

firstly left their nest at day three post-partum and stayed in or close to the nest for the first two 

weeks. Between the seventh and eighteenth day post-partum piglets start to follow the dam, 

spend their first night outside the farrowing nest, and follow their mother to the feeding site 

even if they wait in a distance of ten to twenty meters. From week three to five post-partum, 

running (and later fighting) games start to increase and piglets begin to graze and eat at the 

feeding site. Consistently, the frequency of suckling starts to decrease six weeks after farrowing, 

and suckling is initiated more and more by the piglets. At three months, the piglets become 

increasingly interested in older juveniles and adult group members. Finally, family groups do 

not disperse until either the young are sexually mature (7-8 month) or the sow farrows again 

and, at one to two years of age, males become relatively solitary (Graves, 1984).  

 

I.5. Social behaviour, relationships, and integration 

 

General social behaviour patterns 

Social behaviour in pigs is highly developed and the behavioural patterns of wild hogs closely 

resemble those of the domestic pigs (Graves, 1984). This is consistent with the findings of 

Stolba, Newberry, and Wood-Gush, who introduced domestic Large White into a semi-natural 

environment with the result that they showed the behaviour of their wild relatives within one to 

six months (Stolba and Wood-Gush, 1989). Pigs are companionable but do not form large herds. 

Early association with humans (and probably other living beings) form strong and persistent 

relationships, which makes it difficult to reintroduce human-reared wild boars into the wild 

(Graves, 1984). A social unit groups in general around one or two adult sows and their 

offspring. Graves (1984) mentioned several authors who in summary had observed a regular 

herd size of four to six animals with a maximum extent to twenty. Some pigs live solitarily, 

most of them are males. Stolba and Wood-Gush (1989) observed in the ‘Pig Park’ groups with 

one boar, a castrated male, two multiparous sows, two young sows, a subadult of each sex, and 

the unweaned piglets of the sows. In this relatively large group, they observed the formation of 

age-dependent subgroups (adults, subadults and juveniles). When another group with a 

comparable composition was added to the area, they remained separate and only little 

aggression was reported. In fact, they were observed foraging at a distance of only fifty meters. 
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Aggressive behaviour occurred only in competition for scarce, localised and defendable food 

sources (Graves, 1984; Stolba and Wood-Gush, 1989). Contrarily, amongst penned pigs, the 

dominant individual enjoys greater freedom of movement and a less restricted personal space 

than subordinated pigs (Graves, 1984), which might be due to the fact that in natural and semi-

natural environments, there is so much space that it is neither necessary nor possible to limit 

the movement of other pigs.   

 

Social integration and relationships of piglets 

The separation of the sow for farrowing and the first days post-partum ensure that a stable 

bound is formed between her and her piglets and that only the sow’s own piglets are given the 

valuable colostrum milk. However, at some time, it is necessary to introduce piglets into the 

group of the mother. The exact process of integration is not fully understood especially the 

differences between pigs in conventional systems and pigs under semi-natural conditions. For 

example, piglets mixed in normal housing systems start to fight severely for hierarchy whereas 

in a natural environment, all observed first social contacts between piglets and non-littermate 

are peaceful and involve mainly nose-to-nose contacts (Petersen et al., 1989). As mentioned 

above, this might be due to the fact that piglets meet in the presence of their dams and that sows 

are familiar with each other. Furthermore, initial contacts occur when foreign litters enter the 

nest or the piglets follow their mother outside, which happens earlier than it is usual for 

conventionally reared pigs (Newberry and Wood-Gush, 1986; Petersen et al., 1989). The 

frequency of social interactions is high at two weeks of age and declines up to the seventh week, 

when it reaches a stable level (Petersen et al., 1989). The author explains this development with 

the increasing degree of familiarity to each other: when piglets meet initially, they need to 

gather a lot of information about the foreign pig. Later, they know each other and do not need 

to stay in contact the whole time. One aspect supporting this theory is the finding that most of 

the social contacts are nose-to-nose contacts (60.9%) and remain the only performed element 

during social contact. Furthermore, aggressive behaviour such as shoulder-to-shoulder, head 

knocks, and neck biting reaches only a level of 17.3% of all interactions although shoulder-to-

shoulder, head knocks, and mounting appears mostly in context with scampering and therefore 

has a distinct playful character (Petersen et al., 1989). The authors summarise that piglets have 

age-dependent, high motivation to interact socially and that piglets in conventional housing 
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should have the opportunity to make early social contacts to ease mixing. As mentioned above, 

in the second week after birth, piglets have their first social contacts with non-littermates but, 

at this time, strong bonds exist between sow and littermates and persist during the whole 

weaning process (Petersen et al., 1989; Newberry and Wood-Gush, 1986). For example, in 

relation to the number of group members, piglets are more frequent nearest-neighbours to 

littermates and their mother than to other group members (Petersen et al. 1989). However, 

Newberry and Wood-Gush (1986) mentioned the mixing with non-littermates as a natural 

aspect of social development and indeed, non-littermates of the same age become increasingly 

frequent nearest-neighbours, start to go on long excursions without the sow (Petersen et al., 

1989), and from the second month post-partum, piglets start to sleep at the side of non-

littermates (Newberry and Wood-Gush, 1986). Consistently, from week thirteen to fifteen, the 

sow becomes more and more unimportant to the piglets, which is the time when weaning is 

completed (Petersen et al., 1989; Newberry and Wood-Gush, 1988). 

In the above literature, the percentage of active time during observation increased from 47.8% 

in week two to 97.5% in weeks fifteen to seventeen. However, fighting behaviour also occurred 

among piglets and was most frequent between four and six weeks of age (shoving increased 

again between weeks ten and twelve). Furthermore, it was more frequent in males than females. 

And even if it is not part of aggressive behaviour, suckling at ear, tail, or hair decreased between 

weeks 0-8 from 0.63 to 0.09 times per 30 minutes, increased till week ten to 0.55 and then 

decreased again to a frequency of 0.06 per 30 minutes (Newberry and Wood-Gush, 1988).  

 

I.6. Summary of behaviour of pig in natural and semi-natural conditions 

 

The previous review has shown that domestic pigs still have the potential to show the complete 

behavioural repertoire of their wild relatives. Pigs prefer a habitat of partly open areas with 

forest or bushland to hide, and complete open fields to wallow. Pigs are very social animals 

which live in small family groups with one or two sows, their subadult progenies, the unweaned 

piglets, and possibly one boar. Partly sheltered communal nests as well as farrowing nests are 

preferably built on the edges of forest or scrub.  

Pigs are able to breed during the whole year and they may mate while the sow is still suckling 

her actual litter. Before farrowing, the sow separates from the group to build a farrowing nest, 
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which is defended vigorously although the first contact to non-littermates of the same age 

occurs in the second week after birth. The frequency of suckling starts to decrease from the 

sixth week after birth but weaning is only completed between fourteen to seventeen weeks post-

partum.  

Exploratory and, in combination, feeding behaviour claims over fifty percent of the activity 

during daylight. Furthermore, pigs show a high motivation to wallow. There is little aggression 

in pig groups and it occurs mainly in competition for valuable and scarce food resources as for 

example to establish a teat order. Tail biting has also not been reported even if chewing on tails 

does occur with a low frequency. Interestingly, this chewing behaviour starts to increase two 

weeks after suckling starts to decrease. This is consistent with findings in conventional housing 

systems where tail biting often starts in the second week after weaning independent of the 

weaning age (Abriel und Jais, 2013; Abriel et al., 2014; Veit et al., 2016). 

 

Chapter II: Behaviour of pigs and tail biting in alternative housing systems  

 

The aim of this review was to investigate how housing systems have to be changed to manage 

tail biting in undocked piglets. Since it has often been reported that the prevalence of tail biting 

in undocked pigs is lower in extensive and outdoor systems, this chapter reviews studies which 

investigated behaviour and tail biting under these housing conditions. The main difficulty to 

face was the fact that ‘the’ organic housing does not exist. Rather, there are a lot of organic 

labels with different requirements to participate in the label programme. Furthermore, even not 

labelled, conventional farms might have improved housing conditions to manage tail biting. 

Therefore, in this review, the definition of different types of housing has been omitted. Instead, 

they are summarised under the term ‘alternative housing’ and described in detail under the 

particular study description. But, firstly, two studies are reviewed concerning two prejudices 

which anecdotally are mentioned by politicians and customers:  

1. Tail biting does not appear in outdoor pig production.  

2. Straw as enrichment and bedding is the best material to prevent tail biting.  
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II. 1. Walker 2004: Tail biting in outdoor pig production 

 

Walker and Bilkei (2004) investigated tail biting in five neighbouring Croatian outdoor pig 

farms with identical management and the same veterinary consulting group for medical and 

management advice. The investigation was carried out between January and March 2004. Pigs 

were weaned with six weeks and afterwards kept in groups of 25–30 animals in paddocks with 

200 m² space allowance and an insulated hut (20 m²) with plastic curtains. Within the huts deep 

straw bedding was provided which was renewed by adding 40-50 kilogrammes of new straw 

per hut and week. Once a week, tails were scored at the level of the individual animal with notes 

from zero (healthy, no evidence of tail biting) to four (partial or total loss of the tail, large 

swelling of the tail, purulent inflammation at the base of the tail). In the case of a tail wound, 

tails were treated with local or systemic antibiotics.  

Between the five different units, the average prevalence of tail biting in a group ranged from 

14.1 ± 2.1% to 20.1 ± 3.0%. Barrows were 2.9 times more frequently bitten than gilts and the 

prevalence of bitten barrows increased with the increasing number of gilts in a group. Body 

weight at slaughter did not differ between pigs with a score of zero and one but decreased with 

increasing score from one to four. In addition, carcass refusal was positively linked to 

occurrence of score three and four.  

The authors concluded that raising pigs in outdoor systems does not prevent tail biting. On the 

other hand, they chose the winter time because this was known from former experiences to have 

triggered tail biting. Furthermore, pigs suffered from respiratory diseases, which might also 

have induced tail biting. The co-author Bilkei (1994) suggests that a lower group size and lower 

stocking density would reduce tail biting, and as according to Gonyou (1998), social stress can 

be observed to a higher extent in medium sized groups than in small or large herds. Under 

consideration of other studies, the authors mentioned that the lowering of stocking density and 

social stress alone cannot prevent tail biting and more investigations are necessary.  

 

II. 2. Beattie 1998: Preference testing of substrates by growing pigs 

 

It is known that the provision of rootable material can increase the time of exploratory 

behaviour and decrease chewing on the tails and ears of pen mates (Schröder-Petersen and 
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Simonsen, 2001). Especially regarding tail biting, the provision of straw has often been 

investigated and was found to be capable to reduce this abnormal behaviour (Day et al., 2002; 

Zonderland et al., 2008; Munsterhjelm et al., 2009). However, in none of these studies did tail 

biting stop completely. This might be due to other influencing factors given that tail biting has 

a multifactorial genesis and the improvement of only the factor ‘occupation material’ is 

probably not enough when the pigs’ adaptability is overstrained by deficits in other factors (e.g. 

climate, feeding, health status). Additionally, the following study of Beattie (1998) shows that 

straw is not the most preferred material by the pigs and it might be possible that other materials 

would have decreased (but probably still not stop) tail biting even more.  

The study of Beattie (1998) compared seven substrates: concrete floor, mushroom compost, 

unchopped straw, peat, wood bark, saw dust, and sand. Only thirteen of the twenty-one possible 

comparison tests were performed based on the results of the first three tests. The thirteen 

treatments are given in Table 1 and each comparison was repeated four times.  

 

Table 1: Overview of the thirteen comparison tests 

Treatment Substrate A Substrate B 

1 Peat Straw 

2 Sawdust Sand 

3 Mushroom compost Wood bark 

4 Peat Sawdust 

5 Peat Mushroom compost 

6 Mushroom compost Sawdust 

7 Sand Straw 

8 Straw Wood bark 

9 Wood bark Sand 

10 Mushroom compost Sand 

11 Mushroom compost Straw 

12 Wood bark Concrete 

13 straw Concrete 

Source: Beattie, 1998 
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Two pens with 4 m² each connected over a corridor served as test area where different substrates 

were provided in the pens. Each test was conducted over three weeks whereas the first week 

served as acclimation time with no observation. After the second week as well as for each 

replicate of the test, the substrates changed places to ensure that the choice of the animal was 

really a choice of substrate and not a choice of localisation. For the tests, only three boars and 

three gilts were used so that all animals had the possibility to rest in the same test pen. Pigs 

were video recorded for the last 72 h of the second and third weeks and the videos were analysed 

using instantaneous scan sampling. Only ‘active’ and ‘inactive’ were investigated as an 

ethogram.  

Mostly the pigs showed consistency in their choice of substrates after they were swapped at the 

end of the second week. Nonetheless, the mean values of active, inactive, and total number of 

pigs differed in part significantly indicating that the pigs’ decision might be dependent on the 

actual will to rest or to root. However, the results show that straw was only preferred to concrete 

floor, while all other substrates were preferred to straw. Furthermore, in another study, straw as 

bedding material was only preferred to concrete at low temperatures (Fraser, 1985). As the 

controlled surrounding of the experiment probably eliminated the need for thermoregulation, 

the preference of straw might be a preference of rooting. The most preferred substrates were 

peat, mushroom compost and sawdust, which the author explains with regard to their texture, 

which is similar to earth. The author concludes that the provision of those materials instead of 

straw would be a step in the direction of improved animal welfare.  

In Norway, where tail docking is consequently prohibited, wood shavings are sufficiently used 

as litter in an amount that only covers the floor (Beilage et al., 2011). This material has the 

advantage to be less powdering then saw dust, probably more hygienic then peat and mushroom 

compost and in the Norwegian housing systems it seems to be capable of reducing tail biting to 

a minimum. 

  

II. 3. Beattie: Effects of environmental enrichment on behaviour of growing and finishing pigs 

(1995, 2000) 

 

In two consecutive studies, Beattie investigated the influence of environmental enrichment on 

the behaviour and productivity of growing and finishing pigs (Beattie, 1995; Beattie et al., 
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2000). The author mentions that the high production levels of conventionally housed pigs have 

been used in the past to argue that welfare in those pigs is adequate. But Beattie claims that, 

firstly, a good productivity of the herd does not guarantee that all pigs show their full potential 

and secondly, pigs are able to compensate for poor welfare due to a high adaptability (Beattie, 

1995). However, in both consecutive studies, the experimental design was the same and an 

overview is given in Table 2 (Beattie, 1995; Beattie et al., 2000).  

 

Table 2: Overview of the experimental design regarding stage, age, housing and space 

allowance.  

Stage Age in weeks 

after birth 

Barren housing Enriched housing 

1 1-6  Farrowing crate  

(4.16 m² in total) 

Straw bedded pen 

(7.92 m² in total) 

2 7-13  Flat deck cage  

(0.36 m²/pig) 

Fully enriched pen (1.75 

m²/pig) 

3 14-20 Slatted pen (0.76 m²/pig) Fully enriched pen (3.5 m²/pig) 

Source: Beattie, 1995; Beattie et al., 2000 

 

Piglets were born in conventional farrowing crates and tail docking was carried out on the day 

of parturition. Sows with litters of the enriched group were moved three days post-partum to 

loose-housing, straw bedded pens. After weaning at four weeks of age, the piglets of both 

groups remained in their particular pen. At week seven, pigs were moved to their rearing pens. 

Barren housed pigs were kept in flat-deck cages with expanded metal floor. The pens of the 

enriched group were divided into five areas: a peat area (2.8 m² with a 12 cm high surround; 

peat at a depth of 6 cm), a straw area (6.8 m², straw provided in a hopper), an enclosed kennel 

(1.8 m², bedded with shredded paper), a drinking area (0.6 m², fully slatted, two water nipples) 

and an feeding area (2 m² including the feeder). At fourteen weeks of age, the pigs were moved 

to larger pens with a similar pen design as before. The area of each part of the enriched pen was 

doubled. The behaviour of two focal pigs (one male and one female) of each pen was observed 

once (Beattie et al., 2000) or twice (Beattie, 1995) a week.  



21 
 

In both experiments, the pigs in the barren environment were significantly more alert while 

being inactive instead of resting relaxed or sleeping. Furthermore, due to the lack of rooting 

material, barren-housed pigs spent more time exploring the fixtures of the pen while enriched-

housed pigs nosed and manipulated the ground, respectively the substrate and straw. 

Locomotory behaviour and ingestion did not differ significantly between the groups. Overall, 

in both studies, the pigs of the enriched group were less inactive and less involved in harmful 

social behaviour than the pigs of the barren group. Agonistic behavioural elements were either 

without a significant difference or higher in the barren pigs compared to enriched pigs. 

Consistently, in Beattie (1995), four pigs of the barren housed group had to be removed from 

the experiment between weeks fourteen and twenty due to severely bitten tails. No pigs had to 

be removed from the enriched pens. In accordance, recorded tail biting was significantly higher 

in barren pigs. The author hypothesises – corroborated by findings of other researchers – that 

the higher level in harmful social behaviour (especially nosing and tail biting pen mates) reflects 

redirected rooting behaviour. In addition, this increased harmful behaviour might also explain 

the increase in being inactive while alert. Pigs may experience the need to be vigilant to prevent 

being bitten. Furthermore, it has been found by other authors that a reduced space allowance 

promotes aggressive and harmful social behaviour. Last but not least, exploratory behaviour is 

hypothesised to be a behavioural need due to its performance even in the absence of a strong 

stimulus and that, in the absence of substrates, pigs use their pen mates as substitutes (Beattie, 

1995). 

  

II. 4. Presto M. H. (2008): Activity behaviour and social interactions of pigs raised outdoors 

and indoors  

 

The study investigated not only the activity behaviour and social interactions of pigs raised 

outdoors or indoors but also the effect of different levels of amino acids in the food. This was 

based on the suggestion that exploratory behaviour and activity are at least partly motivated by 

unfulfilled nutrient requirements. In organic pig production, the number of possible sources of 

amino acids is limited and therefore malnutrition might occur (Spoolder, 2007). In the study, 

96 outdoor born pigs were investigated. After two weeks of age, piglets and sows were moved 

to outdoor communal paddocks where four sows and their litters were housed together. 
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Weaning was carried out at day 47 (± 0.7) and piglets were then moved to either indoor pens 

or outdoor pasture. Space allowance in indoor pens was 1.1 m² per pig. The pens had concrete 

floor with a slatted part in the dunging area. Furthermore, free access to straw was provided. In 

outdoor pastures, the pigs had a space allowance of 375 m² per pig. They had access to a shaded 

place with straw bedding and 1.0 m² space per pig. In addition, a mud wallow was created by a 

water sprinkler. At weaning, the piglets were split into three feeding groups within litters and 

housing group to investigate the effect of the level of amino acid. Feeding Group 1 received the 

recommended levels of amino acids whereas the two other groups were fed with either seven 

or fourteen percent lower levels of amino acids. All diets were fed ad libitum. Investigation of 

activity behaviour and social interaction was carried out at an average age of 60, 110 and 140 

days by direct observation.  

The results reveal that walking was significantly higher and rooting tended to be higher in 

outdoor pigs, possibly explained by the large outdoor area which took a long time to explore. 

However, in contrast to the suggestion that a lack of amino acids might induce rooting, no 

influence of the level of amino acid on activity behaviour could be found. Indeed, the level of 

amino acid affected only the level of drinking and making contact in indoor pigs. The frequency 

of partly harmful social behaviours such as sniffling, nibbling, pushing and tail manipulation 

was higher in indoor than in outdoor housed pigs. Age also had an effect on nibbling (less 

frequent on day 60 than on day 110 and 140), playing (decreased from day 60 to 110), pushing 

(at day 140 significant lower than at day 60), as well as on aggression-feed, crowding-feed and 

crowding-water (at day 140 significant lower than at day 60 and 110). The three latter ones 

might have been occurred due to the fact that the pigs tried to eat together, which was not 

possible since feed was provided over a one-place feeder. An effect of the interaction between 

housing and age was found for nosing, riding, aggression-pen/pasture, ear manipulation and 

other-social-behaviour. For example, the nosing of pen mates was positively correlated to age 

and was performed mainly in context with rooting next to each other. Furthermore, nosing was 

often shown previously to aggressive behaviour. An interesting finding is the observation that 

outdoor pigs often slept together whereas in indoor pens a few pigs were always awake while 

others were sleeping. It is suggested that the pigs which were awake were of a lower rank and 

used the opportunity to eat. The author concludes that roughage and a large space allowance is 
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important to occupy pigs and to reduce aggressive behaviour. Furthermore, a decrease in amino 

acids seems to be compensable by ad libitum feeding.  

  

II. 5. Presto et al. (2009): Different roughages to organic growing/finishing pigs – influence on 

activity behaviour and social interactions 

 

In extrapolation to the conclusion of the previously mentioned article by Presto, this study 

investigated the specific influence of roughage on the activity behaviour and social interaction 

of growing and finishing pigs. Up to nineteen percent of the dry matter of the piglet ration can 

be roughage without refusal by the pigs.  The study comprised two experiments: in experiment 

one, the piglets were split into four groups which had access to either no roughage or one of 

three roughage substrates (hay, grass silage or whole crop barley silage). Based on the results 

of this experiment, the second trial compared no roughage with grass silage. The pigs in both 

experiments were housed in indoor pens with an outdoor area. Indoors, straw was provided as 

bedding material in all groups. Space allowance was at least 1.52 m² per pig indoors and 1.00 

m² per pig outdoors. Pigs were fed three times a day and those of treatment groups with 

additional roughage received it in hedges in the outdoor areas. Roughage was replaced in the 

morning and – if necessary – in the afternoon.  

Pigs in experiment one (no roughage versus hay, grass silage and whole crop barley silage) 

showed only slight roughage intake per day and the daily weight gain did not differ between 

the treatment groups, possibly due to the fact that even the control group had access to straw in 

the indoor resting area. But, nevertheless, in both experiments, pigs with the provision of 

additional roughage were more frequently outdoors than the pigs of the control group. In 

experiment two, exploring was significantly more common and rooting in straw was 

significantly less common in the roughage group whereas there were no differences between 

the groups in experiment one. Exploring was observed on average during 20 percent of the 

observation time in experiment one and during 30 percent of the time in experiment two. 

Overall, the pigs of the roughage groups were significantly more active in both experiments 

whereas the aggressive behaviour was less in those groups. In both experiments, indoor 

aggression occurred more frequently during the noon observation than in the morning 

observation. The author concludes that additional roughage motivates pigs to explore and root 
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in it. In experiment one, lying tended to be more frequent in pigs receiving grass silage, which  

was interpreted as a possibly higher satisfaction and calmness rate in those pigs due to the 

material. So, in summary, the additional roughage led to increased time spent outdoors, reduced 

aggressive behaviour, and to a higher activity.  

 

II. 6. Stolba and Wood-Gush (1984): The identification of behavioural key features and their 

incorporation into a housing design for pigs 

 

In this paper, the author’s aim was to develop a new, animal-friendly housing system in which 

welfare was linked to the degree of natural behaviour the pig can perform (Stolba and Wood-

Gush, 1984). Behaviour in turn starts with motivation, which was defined as ‘the collaborating 

exogenous and endogenous factors which induce an (re)action of the animal’ (Stolba and 

Wood-Gush, 1984). He hypothesised that there are two requirements or needs which have to 

be fulfilled for the satisfaction of motivations: Firstly, the need to satisfy the consummatory 

aspect by performing obligatory elements of a behavioural sequence (for example: ingestion of 

food when having the motivation to eat due to the endogenous feeling of hunger). Secondly, 

the need of specific external key stimuli which are necessary for reasonable, goal-orientated 

behaviour (example: starving people without the external stimulus of food might eat inedible 

objects such as grass and earth). Thus, the author concludes that it is not necessary to house 

pigs in a near-natural environment to ensure animal welfare. A few key stimuli and the 

possibility to perform all elements of natural behaviour would be sufficient. Based on this 

approach, several consecutive studies were conducted by a team of researchers. Firstly, the 

behaviour of domestic pigs in a semi-natural environment was investigated in the Pig Park (see 

Chapter I). Afterwards, housing conditions declined as other groups of pigs of the same race 

were housed in outdoor paddock pens and yards. The next step was the investigation of family 

pens (enriched) and finally pigs were observed in conventional fattening pens with or without 

straw. Table 3 summarises the housing conditions.  
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Table 3: Summary of treatment conditions for assessing the consistency of key features 

Environment Group composition Structural 

complexity 

Area 

adult subadult juvenile total m²/pig 

Enclosure 1♂,  

2-6♀ 

1♂, 1 ♀ 10-19 Wood  

Bushes  

1.1 ha ≈ 550 

Paddock   10 Bushes (2 pens) 1000 m² 100 

 1♂, 1 ♀ 1♂, 1 ♀ 8-10 Bare (1 pen) 300 m² 30 

Yard 1♂, 1 ♀  8-10 Furniture 27 m² 2.5 

Enriched pens 1♂, 4 ♀ 1♂, 1-2♀ 36-40 Furniture  4x27 m² 2.35 

Open-front pen   13-14 Straw  21 m² 1.6 

Part. slatted pen   10-14 - 12 m² 1 

Source: Stolba and Wood-Gush (1984) 

 

From his observations, Stolba and Wood-Gush (1984) identified several environmental and 

social key features which occurred in all housing systems where they were possible. The 

features he proposed to be necessary for a state of motivational balance (and therefore animal 

welfare) are presented as follows:  

1) The pen should be an open-fronted pen with a roofed and open area to face the pigs’ 

preference of border areas as for example, the edge of a forest.  

2) Close to the border of the roofed to open area should be a nest site with a diameter of two to 

three meters as preferred in nature. In an optimal way, the nest is sheltered from two sides and 

open to the front so the pigs see approaching humans from a distance. In addition, it should not 

be located close to the feeding site. 

3) The defecation area should lie in a corridor and be 4.5 to 11 meters away from the nest. 

4) For rooting and wallowing, an area with peat or bark and a levering bar should be provided. 

In semi-natural environments, pigs preferred completely open areas for wallowing (Stolba and 

Wood-Gush, 1989). 

5) The activity area should be equipped with a straw rack and a post for comfort and marking 

behaviour. The straw might be used to pad the nest. 

6) The feeding through is to be equipped with head partitions to ensure an undisrupted feed 

intake. 
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7) Removable partition walls in the pen enable escape from social tensions.  

 

In addition to these environmental features, the social features have also to be considered. Pigs 

live in small family groups with subgroups consisting of the adult, the subadult and the 

juveniles. According to the author, this social structure should be also provided in husbandry 

systems due to the strong social bonds which piglets form with their mother and littermates as 

well as to non-littermates of the same age. Therefore, four adult sows (two multiparous and two 

young) should be kept together for their whole lives. Losses are preferably replaced from within 

the group. Piglets stay within the group until they are ready for slaughtering. A boar is 

introduced to the group three weeks post-partum and stays for 1.5 months to inseminate the 

sows. The boar rotates between three to four sow groups and is not replaced until the sows 

accept a new boar. If the sow mates around day thirty post-partum, then a production cycle 

would last 145 days and 2.5 litters per sow and year would be possible. This family pen can be 

set on the area of four pens, connected through a corridor. 

The author concludes that though many sign stimuli need a closer investigation, his approach 

ensures that pigs can live in a state of motivational balance. Furthermore, under these 

conditions, two reproductive effects emerge which are of interest: the occurrence of lactation 

oestrus and synchrony of oestrus between sows.  

 

Chapter III: Suggestions for the ‘stable of the future’ for growing and finishing pigs  

 

Despite the construction of the Stolba family-stable being well argued and seeming to have the 

potential to decrease or maybe even stop abnormal behaviour, it will probably not become a 

solution for conventional housing. However, a comprehensive change in housing conditions, 

and management is necessary to have the chance to manage tail biting satisfactorily as current 

conventional housing allows only little normal behaviour. Therefore, in this chapter, some 

concrete suggestions are made for an animal-friendly stable based on the findings of this review. 

The concrete needs of pigs which were considered for the pen design are a stable, social group; 

a communal nest with view to approaching people; an imitation of ‘bushy corridors’ as the 

preferred defecation site and the provision of environmental elements, which allow them to 

perform normal behaviour such as rooting, wallowing, rubbing, and exploring.  
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III. 1. Group size  

 

First of all, it is suggested to keep pigs either in small (ten to twelve animals per pen or 

litterwise) or large (fifty to hundred or more animals per pen) groups, as Gonyou (1998) 

observed higher social tension in medium-sized groups (20-40 pigs) than in large groups. A 

stable for large herds has in absolute terms a higher space allowance whereby pens can be better 

structured. Furthermore, in comparison to small groups, more pigs can be kept on the same 

ground space as less space is needed for aisles and partition walls. However, large groups are 

difficult to observe, and the farmer has to enter the pen daily or, better, twice a day whereas 

small groups can be easily controlled from the aisle without entering the pen.  

 

III. 2. Climate and ventilation 

 

Due to health reasons – especially respiratory health – a stable with outdoor areas or an open-

front stable would be preferable. The open-front system would also ensure enough daylight and 

stimuli from outdoor climate to activate the immunological reactions and thereby probably lead 

to a resilient immune system. However, as other ventilation systems too, it needs an adequate 

regulation and surveillance to prevent health issues by the system itself. Furthermore, pigs have 

to get used to the outdoor climate. Pigs with more back fat for thermal isolation would be 

advisable but probably also modern races can become used to these systems if they have a wind-

protected, dry area where all pigs of the pen can rest at once. In winter, this area should be 

covered with litter or be equipped with a possibility to warm it up if the age of the pigs or the 

weather makes it necessary. A well-adapted regulation of this heated area is essential for the 

usage by the pigs and thus the function of the whole housing system. In large groups, it might 

be worth a consideration to offer two types of partly sheltered resting areas: one type with 

concrete floor to cool down in warm temperatures and one type with a heated area or bedding 

material to warm up in cold weather. Furthermore, the aisle should be between the pen and the 

open-front wall, which would have the advantage of cold air not falling directly into the pen 

but firstly into the surrounding aisle.    
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III. 3. Pen structure 

 

The pen should be structured in a slatted part for defecation, drinking, and showering (as an 

alternative to mud wallowing) and a concrete one with areas for resting, feeding, and activity 

behaviour such as rooting and rubbing. To ensure the usage of the slatted part for defecation, 

moveable separation walls should form corridors as pigs like to defecate partly sheltered in 

corners (or in the wild: in corridors between bushes). The other corners of the pen are preferably 

blocked by equipment. The partly open nest side is located at the edge between the slatted and 

concrete floor as pigs prefer nest on borderlines – usually between forest and open land or 

underneath the edge of a slope. The nest is sheltered from the cool wallowing area and directed 

to the front of the pen so that the pigs are able to recognise approaching humans from a distance. 

The feeding through can be located at the front side to ease observation during feeding time. 

Space between resting area, slatted part and feeding place can be used as an activity area 

equipped with a rubbing post, a rooting area and straw racks. In a small group, one rack might 

be sufficient but two would be preferable to prevent fights for this resource especially at times 

when it is freshly refilled.  

 

III. 4. Pen equipment 

 

Important for lowering social tensions is the possibility to escape and hide from the aggressor 

or dominant pig. Therefore, separation walls within the pen are necessary. As pigs prefer 

corridors and corners for defecation, the movable walls are located in the planned defecation 

area. Furthermore, at minimum, two solid walls per nest site would also serve as separation 

walls. To reduce aggression during feeding the through should be equipped with head partition 

walls. Furthermore, pigs prefer a feeding place not too close to the nest site. For occupation, 

roughage is given by straw racks whereas this straw is probably used for playing and bolstering 

the nest. Further occupational opportunities are given by one or (in large groups) more wooden 

rubbing posts. They can be equipped with short brushes or sisal ropes, which should be changed 

by time due to hygienic reasons. As mentioned in the study by Beattie (1998) above, the rooting 

area should contain peat, mushroom compost or saw dust as those materials are preferred over 

sand, wood bark or straw. In Norway, wood shavings are used successfully (Beilage et al., 
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2011). During one batch, the material only has to be refilled if necessary and should be changed 

completely before new animals enter the pen. The micro wallow in the slatted part of the pen is 

a shower, which is switched on at least once a day. If the outdoor climate is hot, more frequent 

usage of the shower is advisable. Otherwise, pigs would use the humid defecation area to cool 

down.  

 

III. 5. Food and feeding 

 

Due to the positive effects on gastrointestinal health (Wenk, 2001), the diet should contain as 

much dietary fibre as possible without decreasing weight gain. Further research is necessary to 

give advice on the exact level and composition of fibre. Furthermore, pigs prefer to eat at once 

for which there should be at least one feeding place per pig. Alternatively, it might be positive 

to feed the pigs on the ground as it is sometimes used for pregnant sows. This would mostly 

serve their natural behaviour. Due to hygienic reasons, therefore, it has to be ensured that only 

the slatted part is used as defecation area.  

 

Summary and conclusion 

 

This article reviewed the behaviour of pigs under natural/semi-natural conditions as well as in 

alternative housing systems. It can be summarised that domestic pigs have the same behavioural 

repertoire and thus the same behavioural needs as their wild relatives. Behaviour has been 

reported to be caused by motivation, which is ruled by the collaboration of intrinsic and 

extrinsic factors. Therefore, pigs need key environmental and social features to perform normal 

behaviour and housing designs have to be adapted to these needs when animal welfare is to be 

improved. Those key features include the provision of a nest site and nesting material preferably 

at an environmental borderline, a marking post, possibilities for rooting and wallowing, a 

defecation corridor and contact to a stable family group during their whole lives. But especially 

the latter is hardly possible in a conventional swine farm, where time-oriented and time-

optimised production is pursued. 

In conclusion, if animal welfare is to be improved then there has to be a change in conventional 

housing. This change has to be significant and should consider the key features mentioned for 
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normal behaviour. First of all, it should take into account that straw as an enrichment material 

is only preferred over a concrete floor. To serve the pigs’ preferences, peat, mushroom compost 

or saw dust should be used for rooting or wallowing areas. Suggestions for an improved pen 

design are given in Chapter III. However, animal welfare is also improved, and tail biting 

conspicuously decreased with much less effort as Beilage et al. (2011) showed by comparing 

Norwegian and German conventional husbandry conditions. In Norway, pigs are born in free-

range systems with more space allowance, a sheltered nest site for the piglets, the provision of 

hay as nesting and wood shavings as rooting material, a defecation area with slatted floor and 

sometimes the possibility for littermates to stay together until the fattening period (social family 

group). Growing and finishing pigs are beside other factors also housed with lower stocking 

density and partly concrete floor for resting.  

Nonetheless, the housing condition is only one factor influencing animal welfare and tail biting, 

and any improvement cannot stop tail biting if there are deficits for example in the management 

or health status.  

Furthermore, even adapting to Norwegian standards would cause considerable investment and 

production costs as it requires a rebuilding of the farrowing pens, a lower stocking density, 

often an adaption of floor type (partly concrete floor instead of fully slatted floor) and higher 

provision of sawdust as has been hitherto common in Germany.  

These investment costs are not actually covered by the meat price and European competitive 

markets with low prices make the demanded improvement in animal welfare a challenging task 

with no easy solution. 
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MATERIALS AND METHODS 

 

Animals and experimental traits 

 

The investigations for Chapter I were carried out from May 2015 to January 2016 on the 

research farm of the Chamber of Agriculture of Schleswig-Holstein in Futterkamp. In total, 835 

piglets of crossbreed sows (Landrace x Large White) and Pietrain boars were investigated. 

These piglets were split over four batches with three treatment groups. Vaccination against 

Mycoplasma hypneumoniae, Porcine Circovirus Type 2, and Lawsonia intracellularis was 

carried out nineteen days post-partum. No tail docking, no tooth clipping, and no castration 

were carried out. 

The observations for Chapter II were conducted from August 2015 until January 2016 on a 

farrow-to-finish farm in Northern Germany. Piglets were progenies of crossbreed sows 

(Landrace x Large White) and Duroc boars. A total number of 1631 piglets, split over nine 

batches with two treatment groups, were investigated. Tail docking was not carried out and 

piglets were vaccinated against Mycoplasma hyopneumoniae and Porcine Circovirus Type 2 

eighteen days post-partum. 

 

Housing and treatment 

 

The three treatment groups of Chapter I consisted of one control group, one group with a 

prolonged suckling period and one group with a prolonged suckling period and a group housing 

system during suckling. In the first treatment (control) group, sows were conventionally housed 

in farrowing crates with 5.13 square meters total space allowance for a four-week suckling 

period (SH-4; n = 291). Sows of the second treatment group were kept in farrowing crates but 

the suckling period was prolonged to five weeks to investigate the influence of a prolonged 

suckling period on tail biting later in life (SH-5; n = 277). Pens of this group had a ground area 

of 4.45 square meters. In the third treatment group, sows were kept in a special group housing 

compartment and suckling lasted for five weeks (GH-5; n = 267). The sows were fixated in 

conventional pens with standard farrowing crates during farrowing (4.28 square meters) but 

were loosened and able to enter a common used area (12.5 square meters) from the third day 
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after farrowing onwards. At this time, piglets could also leave the pens and join the other sows 

and piglets.  

From the seventh day postpartum till fourteenth day after weaning, the piglets received piglet 

starter food additionally to the milk of their mothers (ME: 14.4 MJ/kg; 17.6% crude protein; 

3.50% crude fibre). Afterwards, they were firstly fed a piglet growing food (PGF-I) until day 

32 followed by a second piglet growing food (PGF-II). Both had similar contents of energy 

(PGF-I: 13.3 MJ/kg; PGF-II: 13.4 MJ/kg) and the same level of crude protein (17.0%) and 

crude fibre (4.00%). For each change, the food was blended for three days with the preceding 

one. 

A heated area for resting and a plastic ball on a chain for occupation of the piglets were provided 

in all farrowing pens. In pens of group SH-4 and GH-5, water was given in a bowl drinker, 

which the piglets shared with the sow whereas the piglets of SH-5 had one nipple drinker per 

pen. At weaning, two litters of the same treatment group were mixed and moved to 

compartments with conventional rearing pens (11.88 square metres). Food and water were 

provided by a bowl drinker and a round through whereas a liquid diet was provided ad libitum. 

Moveable wooden bars, chains with plastic elements, jute sacks, and two rooting bowls per pen 

were provided as occupation material. The bowls were filled twice a day with a peat-straw 

mixture or grass pellets. The temperature was automatically regulated, starting with 29.5 

degrees Celsius directly after weaning and ending with 22 degrees Celsius before moving to 

the finishing pen.  

In Chapter II, the suckling period lasted three weeks. Piglets and sows were kept in conventional 

farrowing pens with crates. Weaner pigs of the two treatment groups were housed in four pens 

split over two compartments. Both pens of a compartment contained different treatment groups 

to prevent a compartment effect and the location of the treatment groups was changed between 

batches to prevent a pen effect. Pigs were kept in groups with an equal gender distribution. On 

average 46.9 ± 4.4 piglets per group were kept on 9.7 square metres per pen. The heated resting 

area of a pen was covered with a rubber floor mat. For occupation, chains and bite sticks as 

well as a shovel of straw meal spread over the floor twice a day were provided as enrichment 

material. Two bowl drinkers and one nipple drinker provided water. Three weeks after weaning 

the piglets were moved penwise to compartments with larger growing pens (17.2 square metres 

per pen). These had no special resting area but anorganic occupational material (bite rites® 
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(Ikadan System A/S, Ikast), balls and chains) as well as straw meal were offered. The control 

group CR received conventional piglet growing food whereas the food of treatment group DR 

had an increased level of dietary fibre. Water was provided by just one bowl drinker and two 

nipple drinkers. The temperature was controlled by computer with a temperature curve ranging 

from 25°C at the beginning to 21°C at end of weaning. 

 

Scoring 

 

Scoring of tail lesions and tail losses was carried out once a week always by the same observer 

to prevent the occurrence of an inter-observer effect. In Chapter I, scoring was performed at the 

level of the individual animal and included the suckling as well as the rearing period. Also tail 

posture was investigated at the same time to observe whether there would be a coherence with 

tail biting. In Chapter II, observation was conducted only during the rearing period due to the 

fact that the housing conditions during suckling were identical for both treatment groups. For 

this experiment, scoring was carried out at pen level due to the fact that the experimental design 

led to several parallel batches and up to 740 animals had to be scored at once. The fattening 

period was not included in one of the chapters as the focus was set to weaner pigs since, in 

previous studies, weaners often had a high prevalence of tail losses at the end of rearing (Veit, 

2016). The scoring scheme of Abriel and Jais (2013) was used for tail lesions but with 

modifications regarding the definitions of tail losses. The scheme for tail lesions included the 

indication “no injuries”, “scratches/small bite marks”, “small injuries”, and “large injuries”. 

Tail losses were distinguished in the indications “original length”, “tip loss” (max. ¼ lost), 

“partial loss” (max. ¾ lost), and “complete loss” (more than ¾ lost). In Chapter I the scoring 

scheme of Kleinbeck and McGlone (1993) was used in a modified form to score tail posture 

during weaning. The modified scheme included the tail postures “inconspicuous”, when pigs 

showed a curled or lifted, but not curled tail and “risk” when the tail was wagging, hanging or 

jammed between the legs. In both experiments, the gender of the scored pig was noted and in 

Chapter II the mean weight of each pen was collected at the beginning of growing period, at 

the point of time when piglets were moved to the larger pen and at the beginning of finishing 

period.  
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Statistical procedures 

 

In both chapters, data analysis was carried out by using the statistical language R (R core team, 

2008). Several models with different combinations of fixed effects (batch, group, week after 

weaning, gender, interaction batch*group, tail posture of actual and previous week) were 

applied and evaluated by using the AICC “Akaike’s information criterion corrected” (Hurvich 

und Tsai 1989) and BIC “Bayesian information criterion” (Schwarz 1978). The models with 

the lowest values in both criteria were finally chosen and for the response variable tail lesions 

they consisted of rearing week and interaction of batch*group as fixed effects in both chapters. 

In Chapter I, the model for tail lesions included additionally tail postures of the previous week 

as a fixed effect. Models for the response variable tail losses comprised the interaction 

batch*group in both experiments as they were implied only with scoring level at end of rearing 

and the influence of week after weaning was therefore not reasonable to calculate. This 

approach was chosen to reduce errors in measurement as tail losses do not ‘heal’ and the score 

of the last observation was the maximum severity of loss the piglet had suffered. However, this 

led to a lower number of observations for models of tail losses compared to tail lesions.  

After determining the fixed effects, it was necessary to set multiple marginal binomial models 

(Pipper et al., 2012) for each factor level, as tail lesions and tail losses were classified with 

multinomial scores from zero to three. These models were then evaluated separately by using 

the function glm of the stats R-package  (Dobson, 1990). Statistical interference was then 

applied by using multiple contrast test for post hoc comparison on all marginal models 

simultaneously, using the function glht of the multcomp R-package (Bretz et al., 2011).  

It was not possible to calculate the significance of differences between factor levels of 

batch*group for tail losses in either chapter because partial loss and complete loss showed an 

insufficient allocation of scores. Thus, it was necessary to sum up partial and complete losses 

to one score to improve the dispersion of scores. Gender was not included in the models because 

in Chapter I it was without a significant effect and in Chapter II inclusion was not possible due 

to scoring at pen level.  

To evaluate a possible effect of food composition on weight at the end of rearing (wend) as well 

as on daily weight gain (wgain) the data of Chapter II were additionally analysed by using mixed 

linear models in the program SAS 9.4 (SAS Institute Inc., Cary, NC, USA). In both models, 
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batch (1 to 9) and treatment group (CR or DR) were used as fixed effects and for the model of 

daily weight gain the co-variable weight at the start of rearing was added to account for the 

different weights at the beginning of the experiment.  

The fixed effects were also evaluated similar to models for tail lesions and tail losses.  
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Abstract 

 

It was the aim of the study to investigate the influence of a prolonged suckling period and 

group housing before weaning on tail biting in growing pigs. To do this, experiments with 

three treatment groups were investigated. In the first group, pigs were conventionally housed 

in pens with farrowing crates for a four-week suckling period (SH-4). In the second group, 

suckling was prolonged to five weeks whereas housing was the same as in the first group 

(SH-5). The animals of the third group were kept in a group housing system for six sows and 

their piglets during a five-week suckling period (GH-5). At weaning, piglets were moved to 

conventional rearing pens in which two litters of the same treatment group were mixed 

together. Scoring of tail lesions, tail losses and tail posture was carried out once a week from 

birth to end of rearing at the level of the individual animal. Significant influences on tail 

lesions were found for week after weaning (p < 0.001), and interaction of batch and treatment 

group (p < 0.001). The tail posture of previous observations also showed a significant 

influence on tail lesions (p < 0.05). Tail losses were significantly influenced by the interaction 

of batch and treatment group (p < 0.001). In conclusion, batch had a stronger influence on tail 

biting than treatment group did but tail posture is capable of predicting a tail-biting outbreak.   
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1. Introduction 

 

Tail biting in pigs is an abnormal, harmful behaviour, well known in commercial pig 

production. It does not only induce multiple financial losses but also causes impacts on animal 

welfare (Valros and Heinonen, 2015). Additionally, welfare issues are not only a result, but 

might also be the cause of tail biting as the prevalence is lower in  outdoor and organic, animal-

friendly, husbandry systems (Hansson et al., 2000; Walker and Bilkei, 2004). During the last 

decade, customers have had an increased interest in the welfare of farm animals for which they 

demand regulations for improved husbandry and, furthermore, the optimised labelling of animal 

products (Blokhuis and Miele, 2013). Indeed, an improvement in housing conditions is capable 

of reducing but does not completely stop tail biting (Abriel et al., 2014), since it underlies a 

multifactorial genesis with stress of any kind as a central factor (EFSA, 2007; D'Eath et al., 

2014). Researchers of several European countries have summed up their results and concluded 

that the genesis of tail biting is influenced mainly by the co-action of housing conditions, 

management strategies, and health status (International Workshop ‘Tail Biting’, 2015), as a 

significant impairment of at least one of these main factors results in a physiological stress 

reaction (Engelhardt et al., 2010). In this context, stress may also be linked to the weaning 

process as an outbreak of tail biting in undocked pigs is often observed during the first two 

weeks after weaning independent of the weaning age (Abriel and Jais, 2013; Abriel et al., 2014; 

Veit et al., 2016). In a conventional system, weaning is carried out much earlier and more 

abruptly than in wild pigs which are weaned more slowly: Graves (1984) described that “family 

groups do not disperse until either the young are sexually mature or the sow is ready to farrow 

again”. Contrary to this natural behaviour, piglets under farm conditions have to deal not only 

with the sudden and early loss of their mother and her milk and thereby the total ingestion of 

piglet food but also with the movement to a new environment where they meet new pen mates, 

have to fight to establish a new hierarchy, and are also confronted with new pathogens.  

Thus, the aim of this study was to reduce the stress of weaning by prolonging the suckling 

period to five weeks and, additionally, group-housing the sows and piglets during suckling. The 

effect on tail biting was then analysed in comparison with control groups in conventional 

farrowing crates with four or respectively five weeks of suckling period. Beside the 

investigation of tail biting due to the weaning procedure, one aim was to verify whether tail 
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posture is a valid tool to predict a tail-biting outbreak. Groffen (2012) reported that tail posture 

is linked to the emotional state of the piglet and Zonderland et al. (2009) reported that it might 

even indicate an upcoming outbreak. Maybe, therefore, tail docking is not only an animal 

welfare concern but also removes a possibility to detect impacts on pigs’ well-being at an early 

stage. The aim of our study therefore was to analyse the effect of a prolonged suckling period 

on tail biting and to examine the relationship of tail posture to tail biting.  

 

2. Materials and Methods 

 

2.1. Animals 

 

The study was carried out from May 2015 to January 2016 on the research farm of the chamber 

of agriculture of Schleswig-Holstein in Futterkamp. In total, 835 piglets of crossbreed sows 

(Landrace x Large White) and Pietrain boars were investigated. Vaccination against enzootic 

pneumonia, porcine circovirus-associated diseases, and porcine intestinal adenomatosis (PIA) 

was carried out nineteen days post-partum. No tail docking, no tooth clipping and no castration 

were carried out. 

 

2.2. Treatments and housing 

 

Figure 1 gives a schematic overview of the experimental design. Three treatment groups over 

four batches consisting of litters from six sows per group and batch were included in the study. 

The first treatment group served as the control group and sows were single-housed in 

conventional farrowing crates with 5.13 m² total space allowance and the suckling period lasted 

for four weeks (SH-4; n = 291 piglets). To investigate the influence of a prolonged suckling 

period, sows of the second treatment group were also kept in conventional farrowing crates but 

the suckling period was extended to five weeks (SH-5; n = 277). Pens of this group had a size 

of 4.45 m² ground area. Sows of the third treatment group were kept in a special group housing 

compartment and suckling lasted for five weeks (GH-5; n = 267). The sows were housed in 

conventional pens during farrowing (4.28 m²) but were released and able to enter a common 

used area (12.5 m²) from the third day onwards after farrowing. At this time, piglets could also 
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leave the pens and join the other sows and piglets. In the commonly used area, the sows had 

access to straw, which was provided in a rack ad libitum. A detailed description of the group 

housing system is given by Bohnenkamp et al. (2013). 

All farrowing pens had a slatted plastic floor and included a heated resting area with a 

temperature of 32°C to 35°C whereas the stable was kept between 21°C to 24°C. Metal grates 

were used in the area for the sow. Equalisation of litters to twelve to thirteen piglets was carried 

out two or three days post-partum. Piglets from group SH-4 and GH-5 shared a bowl drinker 

with the sow while piglets of SH-5 had one nipple drinker per pen. In all farrowing pens, chains 

with plastic balls were provided for occupation. After weaning, piglets were moved to 

conventional rearing pens with slatted plastic floors. Two litters of the same group were mixed 

together in one pen. Pens had a space allowance of 11.88 m² per pen and were equipped with 

one bowl drinker and a round through from which piglets were fed liquid food ad libitum.  
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Figure 1:  Schematic view of the experimental design. SH-4, SH-5, and GH-5 denote the  

treatment groups with single housing (SH) or group housing (GH) during  

farrowing whereas the number describes the duration of the suckling period in  

weeks.  

 

Moveable wooden bars, chains with plastic elements and jute sacks were provided as 

occupation material. Additionally, piglet bowls with a diameter of 43 cm were provided which 

ten piglets could use at once. The bowls were filled two times a day with fresh material. During 

the first batch, only one bowl was provided per pen. From the second batch onwards two bowls 

per pen were offered. In the morning, a peat straw mixture was offered whereas grass pellets 

were given in the afternoon. Temperature was regulated down from 30°C in the first to 23°C in 

the sixth week after weaning. 
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From the seventh day postpartum till fourteenth day after weaning piglets received piglet starter 

food in addition to their mother’s milk (ME: 14.4 MJ/kg; 17.6% crude protein; 3.50% crude 

fibre). Afterwards, the piglets were fed a piglet growing food with 13.3 MJ/kg ME, 17.0% crude 

protein, and 4.00% crude fibre until day 32 followed by a second piglet growing food with 13.4 

MJ/kg ME, 17.0% crude protein, and 4.00% crude fibre. For each change, the food was blended 

for three days with the old one.  

 

2.3. Scoring 

 

Scoring of tail lesions and tail losses was carried out at the level of the individual animal once 

a week from birth to end of rearing. Fattening period was not included in the study as in previous 

studies; weaners often had already a high prevalence of tail losses at end of rearing (Abriel and 

Jais, 2013; Veit et al., 2016). To prevent occurrence of an interobserver-effect, scoring was 

performed by the same person during the whole experiment. The scoring scheme of Abriel and 

Jais (2013) was used but with modifications regarding the definitions of tail losses. The scheme 

for tail lesions included the indication “no injuries”, “scratches/small bite marks”, “small 

injuries”, and “large injuries”. Tail losses were distinguished by the indications “original 

length”, “tip loss” (max. ¼ lost), “partial loss” (max. ¾ lost), and “complete loss” (more than 

¾ lost). Furthermore, at the same time, tail posture was scored with a modified form of the 

scoring scheme of Kleinbeck and McGlone (1993). The modified scheme included the tail 

postures “curled”, “lifted, but not curled”, “wagging”, “hanging” or “jammed between the 

legs”. In addition, the gender of the piglet was recorded.  

 

2.4. Statistical analysis 

 

The statistical language R (R core team, 2016) was used to analyse the collected data and to 

test for significant differences between each level of the fixed effects. Since lesions and losses 

comprised multinomial scores from 0 to 3, multiple marginal binomial models were applied 

(Pipper et al., 2012) and evaluated separately by using the function glm of the stats R-package  

(Dobson, 1990). Possible fixed effects (batch, group, batch*group, week after weaning, gender, 

tail posture in actual or in previous week etc.) were added successively and the model with the 
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lowest values for AICC “Akaike’s information criterion corrected” (Hurvich and Tsai, 1989) 

and BIC “Bayesian information criterion” (Schwarz, 1978) was used for further evaluation. 

Afterwards, the function glht of the multcomp R-package (Bretz et al., 2011) was used to 

perform multiple contrast tests for a post-hoc comparison on all marginal models 

simultaneously. The finally applied marginal models for the different factor levels of tail lesions 

and tail losses comprised batch, treatment group, batch*treatment group, and for tail lesions 

additionally tail posture of previous week and week after weaning. Due to an insufficient 

distribution of scores, it was only possible to include tail posture after the scores were summed 

up to “Inconspicious” (= ‘curled’ and ‘lifted but not curled’) and “Risk” (= ‘wagging’, 

‘hanging’, ‘jammed’).  

Also partial loss and complete loss showed an insufficient allocation of scores, which is why it 

was necessary to sum them up to one score to calculate the significance or differences between 

factor levels of the interaction batch*treatment group. 

Additionally, similar to the models for tail lesions and tail losses, models for the different scores 

of tail posture were calculated with the statistical language R (R core team, 2016). Thereby, it 

was necessary to sum up ‘curled’ and ‘lifted but not curled’ to one score. Batch, group, 

batch*group and week after weaning were determined as fixed effects.  

 

3. Results 

 

3.1. Tail lesions 

 

A highly significant influence of the rearing week was observed (p < 0.001). Small and large 

injuries did not occur with few exceptions until the second week after weaning. Then the first 

small tail wounds appeared and tail biting increased for two weeks until more than 45 percent 

of piglets showed at least a small injury. After this time, tail biting stopped and tail lesions 

started to decrease (Fig. 2).  
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Figure 2:  Fraction of tail lesions per week after weaning. Values were tested within score 

level. Different superscripts vary significantly (p < 0.05).  

 

Furthermore, Figure 3 shows the highly significant influence of the interaction of batch and 

treatment group on tail lesions (p < 0.001). The lowest level of intact tails was seen in Batch 3 

in group SH-5 and GH-5, though the group with the highest or lowest level of tail biting varied 

between batches. Interestingly in Batch 4, group GH-5 had the highest number of intact tails 

but also the highest number of large injuries.  
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Figure 3:  Fraction of tail lesions in relation to the interaction between batch and 

treatment group. Groups can only be compared within batch whereas batches 

have to be compared within group. Numbers denote the batch number whereas 

SH-4, SH-5, and GH-5 indicate different treatment groups. Values were tested 

within score level and batch. Different superscripts vary significantly (p < 0.05)  

 

A significant influence of tail posture in previous week on all levels of tail lesions was observed 

(p < 0.05). Table 1 shows the relative frequency of tail lesions regarding tail posture 

(inconspicuous or risk) in the previous week. 80.7 percent of pigs with a risky tail posture had 

a tail lesion in the following week. Consistently, an inconspicuous tail posture was associated 

with a ratio of 58.7 percent to no injuries in the following week. This led to an overall ratio of 

82.2 percent of the piglets which had at most scratches in the following week.  
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Table 1:  Fraction of tail lesions in relation to tail posture during previous observation  

one week before. Values were tested within score level. Different superscripts  

vary significantly (p < 0.05) 

 

 No injuries Scratches Small injuries Large injuries 

LS-

means 

% 

se LS-

means 

% 

se LS-

means 

% 

se LS-

means 

% 

se 

Inconspicuous 58.7a 0.39 23.5a 0.13 13.3a 0.19 4.47a 0.10 

Risk 19.2b 0.46 23.6a 0.21 46.0b 0.49 11.1a 0.26 

 

3.2. Tail losses 

 

For tail losses, the interaction of batch and treatment group was also highly significant after 

partial and complete loss were summarised to one score (p < 0.001). Particularly, in batches 

two and four almost no partial or complete losses occurred (Fig. 4). In these batches, the level 

of tail lesions and tail losses was lowest over all groups and group GH-5 had the highest number 

of unaffected tails.   
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Figure 4:  Fraction of tail losses in relation to interaction between batch and treatment 

group. Groups can only be compared within batch whereas batches have to be 

compared within group. Numbers denote the batch number whereas SH-4, SH-

5, and GH-5 indicate different treatment groups. Partial and complete losses 

were summarised to one score to receive an improved distribution for model 

calculations. Values were tested within score level and batch. Different 

superscripts vary significantly (p < 0.05)  

 

3.3. Tail posture 

 

Figure 5 gives an overview of the temporal development of tail posture, independent of batch 

and group. As can be seen, tail posture in the first rearing week is over 90 percent curled or 

lifted whereas less than one percent of the pigs show a jammed tail. Only from the second week 

onwards did the piglets show an increasing risky tail posture (wagging, hanging, or jammed).  
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Figure 5:  Tail posture over time and all batches and groups. Different superscripts vary  

significantly (p < 0.05) 

 

4. Discussion 

 

4.1. Week after weaning 

 

In concordance with other publications, tail biting was observed to begin mostly within the 

second week after weaning independent of the weaning age (Abriel et al., 2014; Abriel and Jais, 

2013; Veit et al., 2016). There is no clear evidence in literature why outbreaks of tail biting 

occur at this time; what is possibly due to the lack of research on changes in the pigs’ physiology 

and behaviour within the first weeks after weaning. Nevertheless, one possible explanation 

might be that tail biting acts as compensatory behaviour and occurs after an individual threshold 

of acceptable stress is exceeded. The stress of weaning is induced by the non-natural conditions 

during weaning (early, abruptly, new pen mate, new environment) and may increase over time 

for example by fights over hierarchy directly after weaning as well as by unfulfilled behavioural 

needs later on as mentioned by Stolba and Wood-Gush (1984). In this context, Abriel et al. 

(2014) observed that a delay in tail biting outbreaks can be achieved by improving housing 

conditions (and thereby lowering stress factors) even if it cannot be totally prevented. 
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Therefore, and to provide material for exploring and rooting, all rearing pens were equipped 

with jute sacks, wooden bars, and piglet rooting bowls. Nevertheless, tail biting occurred within 

the first two weeks after weaning, which indicates that the material offered was of too low 

quantity or the provision of occupation material was not enough to lower stress sufficiently. 

Previous studies have shown that the contact to (organic) occupation material during the 

suckling period can reduce the performance of pig manipulation (Van de Weerd et al., 2005) 

respectively agonistic behaviour (Munsterhjelm et al., 2009) later in life. Therefore, an early 

provision of organic occupation material during suckling would lead to lower levels of tail 

biting.  

 

4.2. Interaction between batch and group  

 

During the present study, influence of treatment group on tail lesions and tail losses varied 

between batches (Fig. 3 and 4) and therefore group cannot be interpreted independently of 

batch. For example, GH-5 had the lowest level of affected tails in batches two and four in which 

tail biting in general was less frequent than in the other batches. Thus, it seems not reasonable 

to draw a conclusion about which of the three treatment groups had the lowest overall 

prevalence of tail biting. This might indicate that several impacts overlaid the effect of group 

as discussed by Statham et al. (2011) and Veit et al. (2016). In this case, batch effect, as part of 

the interaction, might be in truth an effect of irrepressible factors. Sudden changes in intrinsic 

or extrinsic factors may lead to a stress reaction in the animal thereby causing 

immunosuppression (Engelhardt et al., 2010), which can promote illness and in turn induce 

sickness behaviour and depression (Dantzer et al., 2008). It seems reasonable that depression 

might induce tail biting by lowering the defence reaction of the bitten pig. Furthermore, 

frustration about suboptimal factors as for example not enough feeding space or access to 

occupation material might lead to sudden forceful biting as described by Taylor et al. (2009) 

and thus, overlay the influence of treatment group. In accordance, personal observation during 

the experiment revealed that pigs would like to investigate fresh rooting material 

simultaneously. Therefore, only one piglet rooting bowl with ten places for one pen, as provided 

in the first batch, seemed to be not enough and might be an explanation for the relatively high 

levels of tail biting during this batch. 
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In contrast to the finding that GH-5 had the lowest level of tail biting in batches with an overall 

lower prevalence, the comparison of SH-4 and SH-5 within batches reveals that with one 

exception SH-4 had a higher number of intact tails (regarding tail lesions and tail losses) than 

SH-5. On the other hand, these differences are only partly significant and cannot be used for a 

distinct interpretation. Probably, the difference of one week in the suckling period was too small 

to have had a clear effect on tail biting and was in addition overlaid by the batch effect.  

 

4.3. Tail posture 

 

In the present study, the occurrence of tail lesions was linked to tail posture in previous week. 

Thus, results indicate that the observation of tail posture can be helpful to predict tail biting, 

which is consistent with the findings of Zonderland et al. (2009). They differentiated between 

tail posture and tail motion. Both were related highly significantly to tail damage in the 

corresponding week. In addition, during their study, tail posture was also able to predict tail 

damage whereas tail motion had no predicting value. Groffen (2012) discovered that tail posture 

can be an indicator of the emotional state of a pig. He observed that a curled tail is linked to a 

positive emotional state or high arousal whereas a wagging or jammed tail is associated with a 

negative emotional state. According to Groffen (2012), a hanging tail is a neutral one, neither 

linked to a positive nor negative emotional state. Contrarily, in our study, hanging tails were 

defined as risky tail positions because very few pigs showed a hanging tail during the suckling 

period and in the first week after weaning (Fig. 5). However, tail posture can change within 

seconds and is probably influenced by environmental factors such as for example the start of 

feeding, when pigs become excited and are eager to gain a place at the trough. During the study, 

the observer scored tail posture as often as possible before entering the pen and not at feeding 

times to lower the external influences. When the tail posture of one piglet changed during its 

observation, the one with the most prevalence subjectively was chosen.  

It can be concluded that if the farmer pays intensive attention to his piglets and especially to 

their tails, he has the chance to intervene quite early in a tail biting outbreak. When most pigs 

start to show a wagging, hanging or jammed tail instead of a lifted or curled one, he should take 

new preventive measures. On the other hand, this course of action optimises animal observation 
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and enables an early intervention but cannot prevent an outbreak completely. Therefore, more 

attention has to be paid to causal factors and their circumvention. 

 

5. Conclusion 

 

The study was conducted to reduce stress during weaning by group housing before weaning 

and by prolonging the suckling period to five weeks. Furthermore, tail posture was investigated 

to verify the results of other authors, which suggest that it is linked to stress and is useful in 

predicting tail biting. Results on the influence of treatment group were not clear since batch had 

such a strong effect that the interaction of both was significant. However, tail posture was linked 

to tail biting in the following week as pigs with a risky tail posture were associated with the 

occurrence of tail lesions and tail losses. Therefore, tail posture can be helpful to predict a tail-

biting outbreak. As soon as the farmer observes an increasing number of piglets with a risky 

tail posture (wagging, hanging, jammed between legs), he should increase measures to prevent 

tail biting.  
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Abstract 

 

The aim of the study was to investigate the influence of higher dietary fibre content in the 

rations of growing pigs on tail biting. Two treatment groups were investigated. One treatment 

group (n = 810) received a conventional ration (CR) from day 29 to 51 post-partum. The other 

treatment group (n = 821) was fed with a commercially available dietary food (DR) wherein 

levels of neutral detergent fibre (NDF) had been increased by up to 2.4 percentage points. Tail 

lesions and tail losses were scored once a week and weight was recorded at start of rearing, 

three weeks later and at the end of the rearing period at pen level. The week after weaning had 

a highly significant influence on tail lesions (p < 0.001) which had started to appear mostly 

from the second week after weaning onwards. Also, the interaction between batch and treatment 

group was highly significant. In batches four, eight, and nine there was no difference between 

treatment groups for tail lesions or for tail losses. In batches one and two, DR showed a 

significantly lower level of large injuries as well as of the summarized score for partial and 

complete loss and consistently a higher level of pigs with intact tails. Weight at end of rearing 

and daily weight gain was not affected in either treatment group. Due to the strong interaction 

with the batch effect, it was not possible to reveal a distinct effect of either treatment group. 

More research is necessary to investigate the occurrence of the batch effect and its interaction 

with the treatment group.  
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1. Introduction 

 

Tail biting in pigs is abnormal behaviour which has a negative influence on pig performance  

and farm economy (Sinisalo et al., 2012; Taylor et al., 2009) as well as on animal welfare 

(Munsterhjelm et al., 2013). During the last few decades, farmers have used tail docking without 

anesthesia as a preventative measure within the first days of life. Although tail docking has 

been prohibited by EU Directive since 1994 (91/630/EEC, 1991), it is still carried out on up to 

99% of agricultural holdings (EFSA, 2007) as it can be allowed by special permission if the 

farmer proves that measures have been taken to prevent tail biting, but without success. There 

have been a number of studies on the origin and control of this behaviour in conventional 

husbandry systems. Until now only a few countries have been able to bring about a change in 

their animal holding facilities to reduced tail biting, since an installation of these systems often 

need a structural change of the pen walls as more space is required. Further, special training of 

the farmers is necessary to improve their ability to recognize a tail biting outbreak early and to 

teach them the possibilities to intervene.  

It is known that tail biting has a multifactorial genesis, including several risk factors (D'Eath et 

al., 2014), whereas moveable and changeable enrichment materials have been reported to be 

capable of reducing the tail biting prevalence (Schröder-Petersen and Simonsen, 2001; 

Zonderland et al., 2008; EFSA, 2007). Most of this enrichment material is roughage of any kind 

with a high dietary fibre content (DF) such as straw, hay, alfalfa chaff, silage and others. Piglets 

do not only generally investigate the material offered but also digest it and thereby increase 

their intake of DF. High levels of DF are hereby known to induce a feeling of satiety (Leeuw et 

al., 2008), prevent constipation (Wenk, 2001), and the provision of straw can avoid the 

development of gastric ulcers (Di Martino et al., 2013). Furthermore, DF supports physiological 

bacteria whereby pathogens and their toxins are inhibited competitively (Wenk, 2001). This 

effect may be related to the known positive influence of straw (EFSA, 2007) and other roughage 

(Veit et al., 2016) on tail biting as toxins of pathogens are suspected to be involved in the genesis 

of tail biting by causing necrosis in the terminal vascular beds like the tail (Jaeger, 2013). 

Regarding these positive effects on stomach, gut, and bacterial flora, it may therefore be 

beneficial to increase DF in piglet food, instead of only providing it ‘accidentally’ by using 

limited amounts of enrichment material. However, the food of growing pigs currently usually 
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includes only a marginal content of DF, mainly due to the fact that it is a low-energy food 

component and is therefore suspected of decreasing weight gain, but also due to a lack of 

scientific results on this topic. It is hereby important to mention that DF is not the same as crude 

fibre, which has to be declared in commercially available feed. Crude fibre mainly contains the 

insoluble parts of cellulose, hemicelluloses, and lignin (Kamphues and Meyer, 2009), whereas 

DF contains “the sum of plant polysaccharides and lignin that are not hydrolyzed by 

endogenous enzymes of the mammalian digestive system” (Wenk, 2001).  

In the present study it was hypothesized that by a low level of high-quality fibre (namely 

celluloses and hemicelluloses) the positive effects on gastrointestinal health mentioned above 

are lacking and may therefore cause a stress reaction in the animal which can lead to a tail biting 

outbreak (EFSA, 2007). The aim of the study was therefore to compare two groups with 

different amounts of DF in their food and to evaluate whether a higher intake of DF has a 

positive influence on tail biting.  

 

2. Materials and Methods 

 

2.1. Animals and housing 

 

The study was carried out from August 2015 until January 2016 on a farrow-to-finish farm in 

Northern Germany with 160 sows. Piglets were crossbreeds between (Landrace x Large White) 

and Duroc. A total number of 1631 piglets split over nine batches and two treatment groups 

were included in the study. They were vaccinated against mycoplasma hyopneumoniae and 

porcine circovirus Type 2 at an age of 18 days. Tooth clipping was carried out at day one post-

partum and male piglets were castrated at day four or five, but all tails remained undocked. 

After weaning at three weeks of age and with a mean weight of 5.43 ± 0.77 kg, the piglets were 

split randomly in two treatment groups, which were kept in two compartments with two 

conventional rearing pens each (Figure 1).   
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Figure 1:  Schematic ground view of rearing unit and distribution of treatment groups 

over the first seven weeks. The following batches were similarly introduced to 

the stable in a rotating cycle. Batches were investigated in parallel and a new 

batch was started every two weeks. DR is the group which received a dietary 

ration and CR the conventional ration group. Numbers within a pen identify the 

batch number whereas numbers on the edge denote the compartment number. 

 

In each compartment, both treatment groups were housed in equally distributed mixed-gender 

groups. The location of the treatment groups within a compartment varied from batch to batch 
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to prevent the occurrence of ‘pen effect’. For the first four batches, the location is shown in 

Figure 1. As only two possible locations per treatment group existed (right or left side of the 

compartment), batches 1, 2, 5, 6, and 8 had the same location of groups. In turn, batches 3, 4, 

7, and 9 were located the other way round. During the first three weeks after weaning, 46.9 ± 

4.4 piglets on average were kept within 9.7 square metres in one pen (0.21 m²/pig). The pens 

had a heated resting area covered with a rubber floor mat. Chains and bite sticks served as 

enrichment material. Furthermore, piglets received on average 108 g of straw meal twice a day 

directly on the rubber floor mat. Water was provided over two bowl drinkers and two nipple 

drinkers. At six weeks of age and with a mean weight of 10.1 ± 1.73 kg, the piglets were moved 

pen-wise to compartments with larger growing pens (17.2 square metres per pen, 0.37m²/pig). 

The new pens had no special resting area. Bite rites® (Ikadan System A/S, Ikast), balls and 

chains were offered as fixed toys. During the morning hours, they received also on average 

108 g of straw meal in rooting bowls whereas in the evening the same amount of green meal 

pellets was provided. Water was given by one bowl drinker and four nipple drinkers. 

Temperature was controlled by computer with a temperature curve ranging from 25°C at the 

beginning to 21°C at end of rearing. Piglets were moved to the finishing pen at 10 weeks of age 

and with a mean weight of 26.7 ± 3.41 kg.  

 

2.2. Experimental diets 

 

The study was conducted with two treatment groups. The conventional ration group (CR) 

received a standard piglet ration and served as control group with 810 animals. The dietary 

ration group (DR), whose ration had a higher DF content between day 28 and 51 post-partum 

(Tab. 1, Tab. 2), served as a treatment group with n = 821 animals. In both groups, food was 

provided ad libitum as pulp in long troughs with a size of 2 meters during the early rearing and 

3.5 meters in the later rearing pen. Due to the changing needs of growing pigs, food changes 

were necessary and carried out from Pre-starter A to Pre-starter B after 10 days, followed by 

piglet-growing food (PGF) I (from day 29), PGF II (from day 37) and PGF III (from day 51; 

Tab. 1). The new food was blended for three days with the old one to obtain a soft change. For 

the first four weeks of life, the piglets of CR and DR received successively the same pre-starters 

(Pre-starter A and B). From the start of the study until the 51st day of life, piglet-growing food 
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used for DR (PGF-I diet and PGF-II diet) had a higher NDF content than the food of CR (PGF-

I standard and PGF-II standard). After the seventh week of life, the treatment stopped and both 

groups received conventional piglet-growing food (PGF-III). 

All foods used in the study were commercial available and food composition differed just 

during the phases of PGF-I and PGF-II, which hereinafter are referred to as the treatment phase. 

The feeding scheme is given in Table 1, while Table 2 shows the differences between foods.  

 

Table 1: Feeding plan (PGF = piglet-growing food) 

 

 

  

Week of life Control Group CR Treatment Group DR 

1 

 

 

Day 1-9: Pre-starter A 

Day 10-28: Pre-starter B 

 

 

 

Day 10-28: Prestarter B 

 

 

Day 10-28: Prestarter B 

 

2 

 3 

 4 

 5 

 

 

 

Day 29-36: PGF-I standard 

 

 

Day 29-36: PGF-I diet 

6 

 

Day 37-51: PGF-II standard 

 

Day 37-51: PGF-II diet 

 7 

 8 

 

 

> Day 51: PGF-III 

 

 

9 

 10 
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Table 2:  Content of energy in MJ, crude fibre in %, crude protein in %, NDF (neutral 

detergent fibre) in %, ADF (acid detergent fibre) in % and ADL (acid detergent 

lignin) in % in the piglet food (PGF = piglet-growing food) 

  Energy  

(MJ) 

Crude fibre 

(%) 

Crude protein  

(%) 

Crude Fat 

 (%) 

NDF  

(%) 

ADF  

(%) 

ADL  

(%) 

Prestarter A  16.4 2.0 19.0 13.8 8.61 3.6 <1.5 

Prestarter B  14.7 2.9 17.4 8.1 11.2 4.2 <1.5 

PGF-I standard  14.4 3.4 17.6 7.9 12.9 4.8 <1.5 

PGF-I diet 14.0 4.2 17.0 7.4 14.6 6.0 1.6 

PGF-II standard  13.6 3.9 16.8 4.6 13.9 5.8 <1.5 

PGF-II diet 13.25 4.6 16.75 5.0 16.3 6.6 1.7 

PGF-III  13.5 4.0 16.9 4.2 13.3 5.5 <1.5 

 

Contents of neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin 

(ADL) were determined by analysis through the LUFA-ITL GmbH laboratory, whereas the 

contents of energy, crude fibre and crude protein were determined by the production company. 

It was essential that a higher level of NDF in the DR food was not a result of the addition of 

insoluble, low-quality fibre, which would have had no positive effects on gastrointestinal health 

and welfare. To exclude this possibility, a direct comparison of levels of NDF and crude fibre 

was drawn. Crude fibre is completely integrated into NDF and comprises a fraction of low-

quality fibre (Kamphues and Meyer, 2009). As presented in Table 2, NDF showed a higher 

increase from PGF-I standard to PGF-I diet (as well as from PGF-II standard to PGF-II diet) 

than crude fibre did. Therefore, it can be concluded that the higher amount of NDF in foods of 

DR was not a result of adding just low-quality fibre without nutritional value. 

 

2.3. Scoring 

 

The tails of the piglets were undocked and the scoring of tail lesions and tail losses was carried 

out at pen level once a week from start to end of rearing. A fattening period was not included 

in the study as the focus was on weaner pigs. This was due to the fact that in previous studies 

weaners often had a high prevalence of tail losses at end of rearing (Veit et al., 2016). To prevent 



67 
 

the occurrence of an interobserver-effect, scoring was performed by the same person during the 

whole experiment. The scoring scheme of Abriel and Jais (2013) was used but with 

modifications regarding the definitions of tail losses. The scheme for tail lesions included the 

findings “no injuries” (score 0), “scratches/small bite marks” (score 1), “small injuries” (score 

2), and “large injuries” (score 3). Tail losses were distinguished in the findings “original length” 

(score 0), “tip loss” (score 1; max. ¼ lost), “partial loss” (score 2; max. ¾ lost), and “complete 

loss” (score 3; more than ¾ lost). Additionally, the sex of the scored piglet was noted. The mean 

weight of each pen was recorded at the beginning of the growing period, when the piglets were 

moved to the larger pen and at the end of the rearing period.  

 

2.4. Statistical analysis 

 

Data were evaluated with the statistical language R (R core team, 2016). The aim was to look 

for the significant differences between each level within the fixed effects. As this task comprises 

the multinomial scores of tail lesions (0-3) and tail losses (0-3), multiple marginal binomial 

models (Pipper et al., 2012) were set and evaluated separately by using the glm function of the 

stats R-package (Dobson, 1990). Fixed effects (batch, group, week after weaning, gender, 

interaction batch*group) were successively added whereas the model with the lowest AICC 

“Akaike’s information criterion corrected” (Hurvich and Tsai, 1989) and BIC “Bayesian 

information criterion” (Schwarz, 1978) was used for further evaluation. As the interaction 

between treatment group and batch was significant, the finally applied marginal models for tail 

lesion and tail losses included the fixed effects batch, treatment group, and batch*treatment 

group whereby the model for tail lesion also comprised week after weaning. As tail losses would 

not heal over time, they were implied only with extent at end of rearing and thus the 

development over time was not included in the model. This led to a lower number of 

observations for models of tail losses compared to tail lesions (Tab. 3 and 4).  

Subsequently, multiple contrast tests for post hoc comparison were performed simultaneously 

on all marginal models with the glht function of the multcomp R-package (Bretz et al., 2011).  

Initially, it was not possible to calculate the significance of differences between factor levels of 

the interaction batch*treatment group for tail losses because partial loss and complete loss 
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showed an insufficient allocation of scores. Thus, it was necessary to sum up partial and 

complete loss to one score to improve the dispersion of scores. 

 

To evaluate a possible effect of food composition on weight at end of rearing (wend) as well as 

on daily weight gain (wgain), mixed linear models of the program SAS 9.4 (SAS Institute Inc., 

Cary, NC, USA) were used. In both models, batch (1 to 9) and treatment group (CR or DR) 

were used as fixed effects. For the model of daily weight gain, the co-variable weight at start 

of rearing was added to account for the different weights at the beginning of the experiment. 

Similar to models for tail lesions and tail losses, intercept and fixed effects were estimated by 

the restricted maximum likelihood method and significance was tested with an F-Test.  

 

3. Results 

 

3.1. Tail lesions 

 

The week after weaning has a highly significant influence on each level of tail lesion (p < 

0.001). Figure 2 shows the development of tail biting over time and the significance of 

differences between weeks within the scoring level. It reveals that in the first week, small bite 

marks can be seen, and all levels of lesions increase significantly in the second and third week 

after weaning. Thereafter, tail biting decreases rapidly and scoring levels decrease until the end 

of the growing period.  

  



69 
 

 

Figure 2:  Influence of week of life on tail lesions. Values were tested within class. 

Different superscripts vary significantly (p < 0.05) 

 

Figure 3 shows the highly significant influence of the interaction between batch and treatment 

group on tail lesions (p < 0.001) and the significance of differences within batches. In batches 

four, eight and nine there are no significant differences between treatment groups for any of the 

factor levels whereas in batch seven all factor levels differ significantly. In all other batches 

there is no consistency in significant differences between treatment groups. However, in five 

batches, group DR has a higher percentage of animals with intact tails and in batches two and 

five this difference is significant (p < 0.001). In contrast, batches six and seven show a 

significantly higher number of animals with intact tails in group CR (p < 0.01).  
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Figure 3:  Influence of interaction between batch and treatment group on tail lesions. 

Numbers denote the batch number whereas CR indicates the conventional 

ration group and DR the dietary ration group. Values were tested within class 

and batch. Different superscripts vary significantly (p < 0.05) 

 

3.2. Tail losses 

 

After summarizing partial loss and complete loss to one score, the influence of interaction 

between batch and treatment group became highly significant (p < 0.001). Figure 4 reveals that 

similar to results for tail lesions, batches three, four, five, eight and nine do not show any 

significant differences between treatment groups for one of the factor levels. In batches one and 

two, group DR had a significantly lower percentage of animals with partial or complete loss (p 

< 0.001). In contrast, in batches six and seven, significantly more animals of DR had tip losses 

(p < 0.001). Furthermore, in batch seven, CR showed a significantly higher prevalence of pigs 

with intact tails (p < 0.001).  
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Figure 4:  Influence of interaction between batch and treatment group on tail losses. 

Numbers denote the batch number whereas CR indicates the conventional 

ration group and DR the dietary ration group. Partial and complete losses were 

summarized to one score to receive an improved distribution for model 

calculations. Values were tested within class and batch. Different superscripts 

vary significantly (p < 0.05) 

 

3.3. Weight gain 

 

Piglets of control group CR and treatment group DR were weaned with almost the same weight 

(CR = 5.48 ± 0.19 kg; DR = 5.39 ± 0.19 kg) and were moved out for fattening with a difference 

of one kilogram between the groups (CR = 27.2 ± 0.78 kg; DR = 26.2 ± 0.78 kg kg). Daily 

weight gain showed also almost no difference between groups (CR = 452 ± 14.6 g; DR = 433 

± 14.6 g). In summary, neither batch nor treatment group showed a significant effect on weight 

at end of rearing or daily weight gain.  

 

  



72 
 

4. Discussion 

 

The aim of the study was to evaluate whether the positive influence of raw material on tail 

biting (reported by several authors and summarized by EFSA 2007) could be explained by the 

higher intake of dietary fibre and not only by the occupational factor of the material. This led 

to the investigation of the effect of an increased level of NDF in piglet rations on tail biting. 

The background of the study was the assumption that an increased intake of high-quality fibre 

– namely hemicellulose and cellulose – has the potential to decrease tail biting.  

 

4.1. Week after weaning 

 

During this study, tail biting started within the first two weeks after weaning and did not stop 

until the fourth week (Fig. 2), which is consistent with the findings of Abriel and Jais (2013, 

2014) and Veit et al. (2016). As piglets in several different studies were weaned at different 

ages (Abriel and Jais (2013; 2014): 3 weeks; Veit et al. (2016): 4 weeks; unpublished own 

study: 4 and 5 weeks) the outbreak seems to be rather dependent on the weaning itself than on 

the absolute age. But none of the studies gives evidence of why tail biting manifests typically 

at this time. On the other hand, it may also be reasonable to assume that the outbreak is linked 

to housing conditions after weaning and not to the weaning itself since Abriel and Jais (2013; 

2014) reported that a delay in the early outbreak can be achieved by improving housing 

conditions even if it cannot be totally prevented. Thereby, it is to be taken into account that 

improvements (higher space allowance, enrichment, etc.) have to be maintained in sufficient 

quantity and for the rest of the pigs’ life. Otherwise the removal of enrichment may become a 

high risk factor for a tail biting outbreak. Taylor et al. (2009) described that limited access to a 

resource can result in sudden, forceful biting. Additionally, several authors have observed that 

(compared to conventional housed pigs) a tail biting outbreak can occur with higher prevalence 

or higher severity, when pigs experience better conditions earlier in life (Munsterhjelm et al., 

2009; Veit, 2016). Therefore, it is reasonable to assume that an improvement in husbandry and 

management can even have a negative impact on tail biting later in life, when the provided 

benefits are withdrawn. In turn, pig producers and farmers who only keep finisher pigs should 

cooperate and communicate about the enrichment they provide to prevent a downgrading of the 
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pigs’ environment and thereby a higher risk of tail biting when they are moved to the fattening 

farm. However, the present study ensured that the pigs were not subject to a downgrading of 

their environment. Piglets were born at the farm and the pen equipment was not downgraded 

after weaning. Furthermore, occupational material in the form of straw meal twice a day was 

provided, distributed over the resting area so all piglets had access. Zonderland et al. (2008) 

reported that offering of a small amount of straw twice daily could reduce tail biting.  

Nevertheless, it remains unclear what exactly is the cause of the apparent effect of week after 

weaning. As discussed previously, there seems to be a correlation with the weaning process. In 

this context, it is interesting that under semi-natural conditions not tail biting but chewing on 

tails and ears appears two weeks after the number of suckling bouts has started to decrease 

(Newberry and Wood-Gush, 1988). This might be an indication that the frustration of being 

weaned is compensated by the increased attention to siblings. In nature, weaning is carried out 

slowly and frustration does not seem to reach a level where this sibling-directed behaviour 

becomes injurious. In contrast, weaning in conventional systems is much more stressful and it 

would be reasonable to assume that the manipulation of pen mates is therefore more harmful. 

This explanation would not contradict the finding that improved husbandry can lead to a delay 

in the outbreak (Abriel et al., 2014) as pigs would possibly firstly direct their attention to the 

enrichment material and only redirect it to their fellows when the material becomes less 

interesting.  

Another explanation could be that the immune system changes after weaning and that the two-

week period may correlate with the immunological gap. In this case, latent infections and illness 

could be the reason for the outbreak as sickness is known to have an influence on tail biting.  

 

4.2. Interaction between batch and group 

 

Analysis of data revealed a significant influence of interaction between batch and treatment 

group whereas both factors cannot be interpreted independently of each other. For example, in 

batches four, eight and nine there was no significant difference between treatment groups for 

any factor level of tail lesions or tail losses. In those batches, the treatment group had no 

influence on tail biting. On the other hand, in batches one and two, DR showed a significantly 

lower prevalence of large injuries and partial and complete losses and thus, a higher prevalence 
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of intact tails. However, differences between treatment groups showed no consistency over 

batches. One explanation might be the fact that the NDF of dietary food was just slightly higher 

(max. 2.4 percentage points; Tab. 2) than in normal food because the study was carried out on 

a professional farm and negative influences on weight gain by a too high level of DF had to be 

avoided. As a consequence, weights at end of rearing and daily weight gain were not affected 

by treatment group during this study, but in turn, it is possible that the small increase in NDF 

did not have a strong effect on a multifactorial behaviour like tail biting either. Another 

explanation is the possibility that the effect of the treatment group was overlaid by the batch 

effect. Housing and treatment did not change over time and the only varying factor during the 

experiment was the presence of infections, mostly E.coli, which appeared distributed over all 

batches. Thus, health status, which is known to have a strong effect on tail biting (EFSA, 2007), 

might had a stronger influence than treatment group. Illness in general affects individual 

behaviour and leads to so-called sickness behaviour. In some cases, it can even lead to 

depression (Dantzer et al., 2008) and therefore may decrease the defence reaction of bitten pigs. 

 

5. Conclusion 

 

The effect of interaction between treatment group and batch was highly significant probably 

due to an only small increase in NDF over batches. More investigations are necessary to 

improve understanding of the batch effect and especially the role of health status in the genesis 

of tail biting. Furthermore, as the study revealed no negative influences on weight gain and 

weight at end of rearing, the next step is to increase the level of NDF to an even higher level. 

Last but not least it remains unclear as to why biting starts frequently in the second week after 

weaning and further research is needed. Thus, there is a need for a holistic approach to 

investigations and an improved understanding of the mechanism of tail biting.  
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GENERAL DISCUSSION 

 

Working hypothesis 

 

Although European Law permits tail docking in pigs only in exceptional cases (91/630/EWG, 

1991), it is still carried out on up to 99% of the agricultural holdings in Germany (EFSA, 2007). 

Consequently, a total ban of tail docking is expected within a few years. Farmers are under 

pressure to refrain from tail docking and thus change their housing and management systems 

while still producing with economic benefit. The aim of this thesis was to contribute to finding 

ways of housing undocked pigs. It is known that tail biting underlies a multifactorial genesis 

(EFSA, 2007) and all the revealed factors can hardly be investigated at once. Therefore, this 

thesis focused on only a few aspects. Chapter I shows the investigation of the influence of a 

group housing system before weaning in combination with a prolonged suckling period whereas 

Chapter II observed the effect of an increased ingestion of dietary fibre. Beside the current 

development in housing conditions two findings with which most researchers agree were 

considered to set the experimental designs: 1) tail biting is not reported in wild pigs (Graves, 

1984; Sonoda et al., 2013; Taylor et al., 2009); 2) stress is a central factor in the genesis of tail 

biting (EFSA, 2007). As stress is likely to occur even in wild pigs, it seems reasonable to assume 

that under natural conditions, pigs are able to cope with stress without showing abnormal 

behaviour. Conclusively, the inability to sufficiently perform natural behaviour under human 

custody seems to be the crucial point, which induces abnormal behaviour. The previous review 

of literature presented in this thesis on the behaviour of pigs under semi-natural conditions and 

in alternative housing systems revealed that conventional systems typical for Germany allow 

almost no normal behaviour of pigs. In this review, four main aspects seem to be the most 

differing ones: 1) the possibilities for exploration, occupation, and comfort behaviour; 2) the 

weaning procedure; 3) social aspects including nesting behaviour and social structure; and 4) 

the diet and feeding behaviour whereas feeding behaviour in nature is actually linked to 

exploration behaviour.  

The prolonged suckling period and group housing presented in Chapter I was meant to approach 

weaning and the development of social skills towards more natural conditions at least partly. In 
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Chapter II, the level of dietary fibre in food was increased since it is closer to natural food 

composition and, furthermore, has positive effects on gastrointestinal health (Wenk, 2001).    

 

Interaction between batch and treatment group 

 

In both chapters, analysis of data turned out to be problematic as batch had mostly a stronger 

influence on tail lesions and tail losses than treatment group. This led to a significant interaction 

of batch and treatment group wherefore the sole effects could no longer be evaluated 

independently of each other. As the revelation of the effect of the treatment groups was the aim 

of the investigations, it is an aggravating circumstance that the interaction averts a direct 

interpretation. However, at least it is possible to make assertions about the influence of group 

in dependency of batch. Furthermore, the reasons for the significance of the interaction are 

discussed as to what might be helpful to prevent this interaction in future studies. In this context, 

two interacting causes are proposed to be relevant: a strong effect of batch and a weak effect of 

treatment group. Model calculations revealed that in all models the batch effect was stronger 

than the group effect. It is considerable that this might have appeared due to the occurrence of 

mostly irrepressible factors during some batches. For example, there were streptococcus 

infections during the second batch (Chapter I) and, furthermore, E. coli infections in various 

batches (Chapter II). Additionally, ventilation of the rearing pens was not optimal in the first 

batch and from the second batch onwards it was necessary to provide two instead of one piglet 

bowls per pen (Chapter I). Piglets tried to use the bowl simultaneously whenever fresh material 

was provided regardless of the fact that there was a sufficient amount to occupy them for a 

longer period. This behaviour, as well as the afore-mentioned impacts of health and 

environment, might have led to sudden, forceful tail biting, which frequently occurs when pigs 

are acutely frustrated and is described as one type of biting by Taylor et al. (2009). However, 

these effects, which are supposed to influence tail biting (EFSA, 2007), might have overlaid the 

effect of treatment group. In that case, the ‘batch effect’ would be in reality the summarised 

effect of all changing influencing factors in the environment.  

The interaction of batch and group also might have occurred due to the probably low effect of 

group in both chapters. During the first experiment, the suckling period was only prolonged for 

one week to a five-weeks period. This is still far from natural weaning, where the frequency of 
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suckling bouts starts to decrease six weeks post-partum (Wood-Gush and Newberry, 1985). 

Therefore, the prolongation might have no, or only a small influence, on the piglets’ behaviour 

and a much stronger approach to natural weaning would be of scientific interest; however, due 

to economic reasons it is of no practical relevance. On the other hand, in Norway, an 

approximately five-week suckling period seems (amongst other factors) to be adequate to keep 

pigs successfully without tail docking under intensive conditions (Beilage et al., 2011). Further 

investigations are necessary to determine the influence of the duration of the suckling period 

on behaviour and especially tail biting behaviour later in life.  

Economic considerations were also the reason for only a low increase in dietary fibre in the 

piglet ration of Chapter II as negative impacts on weight gain were expected. The maximum 

increase in NDF was only 2.4 percentage points to a maximum level of 16.3 percent NDF (and 

4.6% crude fibre) in the ration. This low increase had a significant effect on level of intact tails 

within a batch in almost half of the batches, which led to two possible explanations. Either the 

significance occurred just by chance due to the high number of observations as in only two 

batches was the significance lower p = 0.001, or the effect was present but mostly overlaid by 

other effects and a higher increase in dietary fibre would also increase the effect of group. To 

gather more information on the coherence of ingestion of dietary fibre and tail biting it might 

be worth considering simultaneously evaluating the level of effect on gastrointestinal health, 

for example by investigating faeces quality, prevalence of diarrhoea, appetite and calmness.  

However, it is conspicuous that during batches two and four of the suckling-period experiment 

(Chapter I), where tail biting had an overall lower prevalence, the group-housed pigs with the 

prolonged suckling period had the lowest prevalence of tail lesions and tail losses. In 

combination with the fact that in the other batches those groups had the highest level of lesions 

and losses, it is conceivable that the positive influence of an optimised husbandry increases in 

interaction with other improving effects – for example, management and health. No such 

relation could be found during the crude-fibre experiment (Chapter II). However, in summary, 

the interaction of batch and treatment group in both studies prevented a direct investigation of 

the effect of treatment group. As other authors have also reported the occurrence of a batch 

effect (Statham et al., 2011; Veit et al., 2016), more attention should be paid on its origin and 

avoidance. Especially health status and the level of differences between treatment groups seem 

to be the main influencing factors and need further investigation.   
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Effects for prediction of tail biting  

 

As presented in Chapters I and II, the observations were used to investigate two interesting 

findings of other authors: 1) tail biting starts mainly in the second week after weaning 

independent of the weaning age (Abriel et al., 2014; Veit, 2016); and 2) tail posture is linked to 

the emotional state of a pig and can be used to predict tail biting (Groffen J., 2012; Zonderland 

et al., 2009). The verification of these findings would be interesting for farmers to focus 

attention on critical moments and warning signals whereby the time spent with necessary 

animal observation can be purposefully concentrated. Running an agricultural business is a very 

time-consuming task even without the extra effort of preventing tail biting, and most farmers 

do not have the money to pay an additional employee for support. Thus, any kind of 

management tools that support the farmers’ time management would probably be of increasing 

importance. In this context, it is interesting that in both experiments tail biting started mostly in 

the second week after weaning, which means that the same observation was made for a suckling 

period of three (Abriel and Jais, 2013; Abriel et al., 2014), four (Veit, 2016; own investigations) 

and five weeks (own investigations). In addition, in pigs under semi-natural conditions, 

suckling on ears and tails started to increase two weeks after suckling frequency began to 

decrease (Newberry and Wood-Gush, 1988). However, Abriel et al. (2014) also showed that 

the outbreak could at least be delayed by enrichment of the pen design, which leads to two 

conclusions: firstly, the farmer has to increase his attention at around the beginning of the 

second week after weaning, and secondly, if tail biting appears later than the second week it 

might be an evidence of a somewhat improved prevention of tail biting.  

Furthermore, the results presented in Chapter I verified the finding of Zonderland et al. (2009), 

as a strong link between tail posture and tail biting could be observed, since tail posture during 

the previous observation one week earlier stood in relation with actual tail biting. This 

coherence of tail posture and tail biting would probably have become even more distinct if 

scoring had been carried out two or three times a week. During the suckling-period experiment 

it was not possible to do so as investigations of the crude-fibre experiment were partly parallel 

and at least two days had to be passed without contact to the pigs before  another farm could be 

visited. Due to the fact that scoring was carried out at pen level, tail posture was not investigated 

during the crude-fibre experiment. It can be concluded that the farmer has to intervene with 
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new measures against tail biting when most piglets have already shown a risky tail posture 

instead of waiting till they show the first bite marks or even tail losses. As the tail is a useful 

tool to gather information about the emotional state of the pigs, it should be considered whether 

not only tail biting but also other impacts on animal welfare could be predicted by a constantly 

risky tail posture. Such impacts might be, for example, the first signs of sickness or a 

disturbance in the food and water provision.  

Conclusively, by docking tails we squander an important tool of communication not only 

between pigs but also indirectly between the farmer and his pigs and thereby also squander a 

possibility to learn and adapt housing systems. As the observance of the tail-docking ban is now 

under higher public pressure, we have to catch up years of investigation and should go back to 

the early studies on natural behaviour and what pigs need to live under human custody without 

straining their adaptability.  

 

Underlying mechanisms  

 

The summarised findings of the previous chapters are: 1) a high significance of interaction 

between batch and group; 2) tail biting starts mostly in the second week after weaning; 3) tail 

posture is capable of predicting a tail biting outbreak. Nevertheless, the underlying mechanisms 

remain at least speculative due to a lack of fundamental research. This section gives some 

evidence of possible explanations which need scientific investigation to be verified.   

As mentioned above, the interaction of batch and treatment group might be a result of a strong 

batch effect, or a weak group effect. It was furthermore pointed out that the batch effect is an 

effect of changing environmental factors whereas every variation of endogenous or exogenous 

factors provokes a physiological adjustment reaction within the animal. This challenge of the 

animals’ adaptability leads to stress as it is the function of stress (=secretions of cortisol, 

adrenalin and noradrenalin) to mobilise the metabolism in order to deal with environmental 

impacts. On the other hand, stress causes a suppression of the immune system as negative side 

effect, which promotes infections. Illness in turn can cause a depression (Dantzer et al., 2008), 

hence, it may trigger tail biting by a lower defence reaction of the victim and – in a vicious 

circle – induces stress again. Stress and health status are well known to have an influence on 

tail biting (EFSA, 2007). Contrarily, not every stressful situation leads directly to a tail biting 
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outbreak. For example, weaning in conventional housing induces certainly a high stress level 

when the piglets lose their mother abruptly, are moved and mixed together and have to deal 

with new pathogens from the foreign environment and other pigs (Campbell et al., 2013). 

Nonetheless, as our second finding shows in accordance with other authors, tail biting mostly 

does not start until the second week after weaning (Abriel and Jais, 2013; Abriel et al., 2014; 

Veit et al., 2016). One theoretical explanation is that tail biting occurs as compensatory 

behaviour when an individual threshold of stress is exceeded. Thereby, weaning might induce 

the initial stress reaction, which is increased over time by fights for hierarchy, stress of the new 

environment, boredom, or frustration with the inability to perform natural behaviour. In the end, 

referring to this theory, tail biting only occurs when the ability to cope with stress is 

overstrained. Another explanation for the recurrent observation of an outbreak in the second 

week after weaning might be that, similar to the explanation of batch effect, the stress of 

weaning induces as immune suppression, which later leads to a – latent or acute – infection and 

thereby an impact on health status, which is linked to tail biting.  

The third finding of this thesis is the predictive value of tail posture for tail biting. In this 

context, Groffen (2012) found a link between tail posture and the emotional state of the pig. 

Therefore, the tail might function as a communication tool as part of the body language of the 

pig and when it experiences unwanted attention from its pen mates (e.g. chewing and nibbling 

on its tail) it starts to show its querulousness by an appropriate tail posture. This may happen 

several days before the first visible signs of tail biting occur. On the other hand, it should be 

kept in mind that pigs show a risky tail posture independent of the sort of querulousness, for 

example even if there is only a short affright due to an unexpected movement of the observer. 

That is why it is in this case more advisable to observe the average tail posture in a pen than to 

regard the individual animal.  

 

Recommendations for further research 

 

As the section on underlying mechanisms reveals, further research is necessary to finally 

understand the reported findings of this and previous studies. Due to its high influence on the 

interpretation of the results, primarily the effect of batch needs more investigations as this effect 

should theoretically not occur at all in an optimised environment under totally controlled 
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conditions. In this context, the main questions are: is it possible to keep pigs without the 

influence of a batch effect? Which factors are the underlying mechanisms of the batch effect? 

And can a stronger effect of treatment group lower the effect of batch? To answer these 

questions, an experimental stable where temperature, pathogens, light, and other environmental 

factors can be controlled is essential. Only then would it be possible to change single factors 

systematically and to investigate the influence on pig behaviour and effect of treatment group. 

The observation would need several steps. Firstly, an experimental design with two to three 

treatment groups (for example, different levels of dietary fibre in the ration) has to be set and 

all groups are investigated for several batches under the same conditions. This would serve as 

the control level. Thus, there should be no batch effect as all factors beside the experimental 

ones remain the same. The following steps would investigate the influence of controlled 

changes of environmental factors on the differences between groups, and the occurrence of a 

batch effect.  

Another interesting direction of research would be the study of the consistent finding that tail 

biting often starts in the second week after weaning. According to the above-mentioned 

hypothetical coherencies, an exact investigation of health status and its development from 

suckling period to the start of tail biting seems to be promising. Thereby it might be answered 

whether tail biting correlates with the occurrence of the immunological gap, whether the stress 

of weaning leads to immune suppression, or whether (latent) infected piglets tend to be more 

often victims of tail biting. A second approach to this finding is the theory that there is an 

individual threshold of stress and that tail biting starts when this borderline is exceeded. On the 

other hand, this investigations starts to become difficult with the need of a reliable method to 

measure stress. The sampling of cortisol has several disadvantages (e.g. the physiological 

individual and diurnal change of cortisol level, and the difficulty to gather samples without 

stressing the animals). Actually, up to now there seem to have been no real gold standard of 

measuring stress in a group of pigs.  

In addition to the investigation of batch effect and tail biting outbreaks in the second rearing 

week, the link between tail posture and tail biting seems to be promising for the development 

of precision livestock farming (PLF) systems which would ease the difficult task of the farmer 

to observe his piglets intensively and simultaneously manage a commercial animal-holding 

business. But a lot of research has to be done before the development of a PLF system could 
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start. Firstly, a definition of the point of a tail biting outbreak has to be found, followed by the 

determination of a threshold of the percentage of animals which show a risky tail posture before 

the farmer should intervene. In this context, it is possible that this threshold depends on the 

group size or other factors. Thus, it would be a complex project, which needs the cooperation 

of several researchers.   

Further investigations to prevent tail biting should also aim to investigate a new housing system 

where pigs can be kept in a way they can show all elements of natural behaviour as Newberry 

and Woodgush (1986; 1988) as well as Stolba and Wood-Gush (1984) did not report this 

abnormal behaviour in domestic pigs kept under semi-natural conditions or in a family housing 

system. From an animal welfare point of view as well as for prevention of abnormal behaviour, 

it seems advisable to implement housing systems where pigs can perform all of their 

behavioural patterns. Thereby it is important that  Stolba and Wood-Gush (1984) suggested that 

it is not necessary to provide a natural environment but only relatively simple key features 

which would enable the pigs to perform natural behaviour. Some key features he identified are 

a nest site, a rooting area, nesting material, a rubbing post and as social key feature the living 

in a family group. Though, it should be mentioned that the latter two are mostly not 

implemented in systems with sufficient housing of undocked pigs (Beilage et al.; 2011).  

Last but not least, as Munsterhjelm et al. (2009) and Veit (2016) reported that tail biting is not 

only influenced by actual but also previous housing conditions, it seems to be one main 

challenge in future experiments to consider the pigs’ housing background and to ensure that 

pigs do not experience a downgrading of their environment.  

In conclusion, tail biting is a dynamic process, difficult to investigate since it is hardly possible 

to control all the factors, which can influence this abnormal behaviour, and the investigation of 

only one factor might be problematic due of an overlay of other factors. 
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Ashley Naya:  Influence of group housing before weaning and increased fibre in the  

weaning ration of pigs on tail biting behaviour  

 

 

GENERAL SUMMARY 

 

The present thesis was set to gather reliable information on the influence of a four to five 

weeks prolonged suckling period, group housing before weaning or an increased fibre content 

during the growing period on abnormal tail biting behaviour. Therefore, two studies were 

conducted with undocked pigs on two different, practical farms.  

For the first experimental set-up, a total of 835 piglets were split into three treatment groups 

to observe the effect of housing conditions before weaning on tail biting in growing pigs. In 

group SH-4 (n=291), the piglets were kept conventionally for four weeks with their sows in 

farrowing pens. For SH-5 (n=277), the piglets were also kept in single-housing farrowing 

pens but the suckling period was prolonged to five weeks. During the five-week suckling 

period of GH-5 (n=267), six sows and their litters were housed in a group-housing system. At 

weaning, piglets were split into rearing pens which accommodated two litters of the same 

treatment group each. The second study concentrated on the influence of a dietary ration (DR; 

n=821) with increased fibre content during rearing in comparison to a conventional ration 

(CR; n=810). Based on previous studies, scoring of tails was carried out in both experiments 

once a week from birth to the end of the rearing period. The scoring scheme differed between 

several scores for tail lesions (0 = no injuries to 3 = large injuries) and tail losses (0 = no tail 

loss to 2 = partial or complete tail loss). In experiment one, tail position (0 = curled/lifted or 1 

= wagging, hanging or jammed) was also scored. Scoring was carried out at animal level in 

experiment one, respectively at pen level in experiment two. For statistical analysis, multiple 

marginal binomial models of tail lesions (fixe effects: week after weaning, batch, group, 

interaction batch*group) and tail losses (fixe effects: batch, group, interaction batch*group) 

were set by usage of the statistical language R. Additionally, in experiment one the effect of 

the tail position of the previous week and in experiment two the influence of food 

composition on weight gain were also evaluated.  
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In both studies, a highly significant effect of week after weaning was observed. Tail biting 

started in both experiments in the second week after weaning, independent of the weaning 

age. Lesions increased for one to two weeks and then started to decrease. No clear explanation 

for this observation could be found but it is possible that the stress of weaning (loss of the 

dam, no more suckling possibility, mixing with foreign piglets, etc.) is increased by the stress 

of the new environment (fights for hierarchy, latent infections with new pathogens, etc.) and 

leads to abnormal behaviour after an individual threshold is exceeded.  

Batch in interaction with treatment group had also a significant effect on tail lesions and tail 

losses in both studies. It varied between batches as to which groups had the highest or lowest 

level of tail biting and no trend could be found. For example, group GH-5 of experiment one 

had the lowest level of uninjured tails in batch three (23.0%) but the highest one in batch four 

(74.1%). Furthermore, in contrast to batches one and three almost no partial or complete tail 

losses occurred in batches two and four. In the second experiment, there were no significant 

differences between treatment groups for any score of lesions or losses in batches four, eight 

and nine whereas in other batches score levels differed in part significantly. A possible 

explanation for these inconclusive findings might be an overlay of the investigated factor 

‘treatment group’ by influential other factors. In this context, the factor ‘batch’ probably 

include other factors which were not observed directly such as for example health status, 

climate, intensity of observation and intervention by staff.  

In experiment one, tail posture was observed and it was found that the tail posture of pigs in 

the previous week is linked to the observed tail lesion. Therefore, tail posture seems to be 

helpful to predict tail biting outbreaks. In the second experiment, weight gain from weaning to 

end of rearing period was investigated. CR showed an average daily weight gain of 452g 

(DR=433g) and was moved to fattening pens with a one kilogram higher weight (27.2 kg 

versus 26.2 kg). Those differences were not significant.  

Tail biting in weaning pigs was not prevented by group housing before weaning, a prolonged 

suckling period or a higher fibre content of the rearing ration. Observed effects might have 

been overlaid by the influence of other factors and further investigations into the nature of 

‘batch-effect’ are necessary. Therefore, keeping undocked pigs remains a challenging task and 

needs a lot of knowledge, observation time, prevention and intervention strategies as well as 

the ‘will’ to succeed by the farmer. Scientific research is essential to find ways of keeping 
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long-tailed pigs but also a more holistic approach should be taken into account due to the 

multifactorial nature of the abnormal behaviour ‘tail biting’. 
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Ashley Naya:  Einfluss einer Gruppenhaltung vor dem Absetzen und eines erhöhten  

Fasergehaltes im Ferkelaufzuchtfutter auf das Schwanzbeißverhalten.  

 

ZUSAMMENFASSUNG 

 

Das Ziel der vorliegenden Dissertation war es, den Einfluss einer fünfwöchigen Säugezeit, 

einer Gruppenhaltung vor dem Absetzen bzw. eines erhöhten Fasergehalts in der 

Aufzuchtration auf die Verhaltensstörung ‚Schwanzbeißen‘ zu untersuchen. Dazu wurden 

zwei Untersuchungen mit nicht kupierten Ferkeln in zwei Praxisbetrieben durchgeführt.  

Für den ersten Versuch wurden insgesamt 835 Saugferkel auf drei Versuchsgruppen 

aufgeteilt. Dabei ging es darum, den Effekt der Haltungsbedingungen vor dem Absetzen auf 

das Schwanzbeißverhalten in der Aufzucht zu untersuchen. In Gruppe SH-4 (n=291) wurden 

die Ferkel während der vierwöchigen Säugezeit konventionell in Abferkelbuchten mit einem 

Kastenstand für die Sau gehalten. Bei der Gruppe SH-5 (n=277) wurden Ferkel und Sauen 

ebenfalls in konventionellen Abferkelbuchten gehalten, doch die Säugezeit wurde auf fünf 

Wochen verlängert. In der ebenfalls fünfwöchigen Säugezeit der Gruppe GH-5 (n=267) 

wurden sechs Sauen und ihre Würfe in einem Gruppenhaltungssystem gehalten. Zum 

Absetzen hin wurden die Ferkel auf konventionelle Aufzuchtbuchten aufgeteilt, in denen 

jeweils zwei Würfe derselben Versuchsgruppe untergebracht waren.  

Die zweite Studie konzentrierte sich auf den Einfluss einer diätetischen Ration (DR; n=821) 

mit erhöhtem Faseranteil während der Aufzucht im Vergleich zu einer konventionellen 

Rationsgestaltung (CR; n=810). Basierend auf vorangegangenen Studien wurden 

Schwanzbonituren in beiden Studien einmal wöchentlich von Geburt bis zum Ende der 

Aufzuchtphase durchgeführt. Das Boniturschema unterschied dabei zwischen mehreren Noten 

für Schwanzläsionen (0 = ‚keine Verletzungen‘ bis 3 = ‚großflächige Verletzungen‘) und 

Schwanzverluste (0 = ‚kein Schwanzverlust‘ bis 2 = ‚Teil- oder Komplettverlust‘). Im ersten 

Versuch wurde auch die Schwanzhaltung bonitiert (0 = ‚geringelt/erhoben‘ oder 1 = 

‚wedelnd, hängend oder eingeklemmt‘). Die Bonituren wurden im ersten Versuch auf 

Einzeltierebene und im zweiten Versuch auf Buchtenebene durchgeführt. Für die statistische 

Auswertung wurden multiple, marginale Binomialmodelle der Schwanzverletzungen (fixe 
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Effekte: Woche nach dem Absetzen, Durchgang, Gruppe, Interaktion Durchgang*Gruppe) 

und Schwanzverluste (fixe Effekte: Durchgang, Gruppe, Interaktion Durchgang*Gruppe) mit 

Hilfe des Statistikprogramms R analysiert. Zusätzlich wurde im ersten Versuch der Einfluss 

der Schwanzhaltung in der Vorwoche und im zweiten Versuch der Einfluss der 

Futterzusammensetzung auf die Gewichtszunahme ausgewertet.  

In beiden Studien war der Effekt der Woche nach dem Absetzen hoch signifikant. Das 

Schwanzbeißen begann in beiden Versuchen in der zweiten Woche nach dem Absetzen, 

unabhängig vom Absetzalter. Die Anzahl der Schwanzverletzungen nahm für ein bis zwei 

Wochen danach zu, bevor sie anfing wieder abzufallen. Es konnte keine eindeutige Erklärung 

für diese Beobachtung gefunden werden, aber es ist möglich, dass der Stress des Absetzens 

(Verlust der Mutter, Verlust der Sauenmilch, Mischen mit fremden Ferkeln, etc.) durch den 

Stress der neuen Umgebung (Rangordnungskämpfe, latente Infektionen, etc.) verstärkt wird 

und zu Verhaltensstörungen führt, wenn ein individuelles Stresslevel überschritten ist.  

Die Interaktion von Durchgang und Versuchsgruppe hatte ebenfalls in beiden Studien einen 

signifikanten Einfluss auf Schwanzverletzungen und -verluste. Die Versuchsgruppe mit dem 

höchsten beziehungsweise niedrigsten Level an Schwanzbeißen variierte zwischen den 

Durchgängen sodass kein Trend erkennbar war. Zum Beispiel hatte Gruppe GH-5 des ersten 

Versuchs in Durchgang drei prozentual die wenigsten Schwänze ohne Verletzungen (23,0%) 

aber in Durchgang vier den höchsten Anteil unverletzter Schwänze (74,1%). Zudem traten im 

Gegensatz zu den Durchgängen eins und drei in zwei und vier fast keine Teil- oder 

Komplettverluste auf. Im zweiten Versuch gab es in den Durchgängen vier, acht und neun 

sowohl bei Schwanzverletzungen als auch bei Schwanzverlusten keine signifikanten 

Unterschiede zwischen den Versuchsgruppen wohingegen sich in anderen Durchgängen das 

Vorkommen einzelner Boniturnoten zwischen den Gruppen teilweise deutlich voneinander 

unterschied. Eine mögliche Erklärung für diese, in Bezug auf den Einfluss der 

Versuchsgruppe, wenig aussagekräftigen Ergebnisse könnte eine Überlagerung des Effektes 

‚Versuchsgruppe‘ durch andere beeinflussende Faktoren sein. In diesem Zusammenhang 

beinhaltet der Faktor ‚Durchgang‘ wahrscheinlich andere, nicht direkt beobachtete Faktoren 

wie zum Beispiel Gesundheitsstatus, Stallklima, Intensität der Tierbeobachtung und 

Eingreifen bei schwerem Schwanzbeißen durch das Stallpersonal.  
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Im ersten Versuch wurde auch die Schwanzhaltung bonitiert und die Ergebnisse zeigen, dass 

die Schwanzhaltung der Vorwoche im Zusammenhang mit den beobachteten 

Schwanzverletzungen steht. Daher scheint die Schwanzhaltung hilfreich bei der 

Früherkennung eines Schwanzbeißausbruches zu sein. Im zweiten Versuch wurde die 

Gewichtszunahme vom Absetzen bis zum Ende der Aufzucht untersucht. Gruppe CR zeigte 

eine durchschnittliche tägliche Gewichtszunahme von 452g (DR = 433g). Bei Einstallung in 

die Mast hatten die Tiere der CR-Gruppe im Durchschnitt ein Kilogramm mehr Gewicht als 

die Tiere der DR-Gruppe (27,2 kg versus 26,2 kg). Diese Unterschiede waren statistisch nicht 

signifikant.  

Das Schwanzbeißen bei Aufzuchtferkeln wurde durch Gruppenhaltung vor dem Absetzen, 

eine verlängerte Säugezeit oder einen höheren Fasergehalt in der Aufzuchtration nicht 

verhindert. Diese beobachteten Effekte könnten durch den Einfluss anderer Faktoren 

überlagert wurden sein und weiterführende Untersuchungen bezüglich der Hintergründe des 

Durchgangseffektes sind notwendig. Daher bleibt die Haltung von nicht kupierten Schweinen 

eine Herausforderung, die nur mit intensiverer Tierbeobachtung und fundiertem Wissen über 

Prävention und Interventionsstrategien sowie einer hohen Eigenmotivation des Tierhalters zu 

bewältigen ist. Wissenschaftliche Untersuchungen sind die Grundlage um einen Weg zur 

Haltung von Langschwanz-Schweinen zu finden, doch sollte aufgrund der multifaktoriellen 

Natur der Verhaltensstörung ‚Schwanzbeißen‘ ein ganzheitlicherer Ansatz als bisher in 

Betracht gezogen werden.   

 


