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1 Introduction 

The welfare of farm animals is a major concern in the livestock industry. Over the last 

few years, public interest in the well-being of farm animals has increased. 

Consequently, welfare is a societal concern (ANONYMOUS 2012). In conventional 

pig husbandry, various factors may influence this welfare. The environment in which 

the pigs live should not only fulfil all their needs to keep them physically healthy, but 

should also enable them to exercise their natural behaviour repertoire as best as 

possible. Reduced welfare may manifest itself in health impairment, behavioural 

disorders and in decreasing productivity, which is why the preservation of the pigs’ 

well-being is in the interest of the farmers, veterinarians, advisers and consumers.  

Tail biting is one particular behavioural disorder which directly relates to the pigs’ 

environment. During tail biting, a pig redirects its explorative behaviour to the tail of a 

pen mate (STUDNITZ et al. 2007), which may result in mild to severe tail damage 

(KEELING et al. 2012). The bleeding lesion is likely to encourage other pigs to bite 

(FRASER 1987), which often results in sudden tail biting ‘outbreaks’ in a pen 

involving numerous biters and victims (URSINUS et al. 2014). The tail damage can 

have serious consequences: it may cause the partial or complete loss of tail 

(VAN PUTTEN 1969), necrosis, ascending bacterial infection (HUEY 1996), bacterial 

spread to other organs (MUNSTERHJELM et al. 2013) or pyemia 

(CHIEW et al. 1991) and can thus cause the death of affected pigs 

(VAN PUTTEN 1969).  

Many factors are known to influence the development of tail biting. Risks range from 

external factors such as stocking density, enrichment and nutrition to internal factors 

such as animal health and gender (SCHRØDER-PETERSEN and SIMONSEN 2001).  

In order to prevent tail biting, most pigs housed conventionally in the European Union 

are tail docked. This also applies to most pigs in Germany 

(SAMBRAUS and KÜCHENHOFF 1992). Docking can reduce tail biting prevalence, 

but fails to eradicate the problem. However, European legislation requires farmers to 
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consider changes in management and housing before tail docking can be carried out; 

this discrepancy is currently the subject of discussion in media and politics in 

Germany. 

Due to the individual ‘risk factor pattern’ on each farm, farm-specific approaches in 

tail biting risk assessment and solution finding are required. The stock person plays a 

key role in tail biting prevention (BRACKE et al. 2013). Advisory tools that follow the 

concept of animal health and welfare planning can support the farmer in improving 

the on-farm situation (IVEMEYER et al. 2012) and provide a neutral overview. Such 

tools have to take the multicausality of tail biting into account and should include the 

widest possible range of risk factors, in order to advise the stock person in an 

optimum way and to encourage him/her to decide on improvement measures. Thus, 

a software-based intervention tool (SchwIP, ‘Schwanzbeiß-Interventions-Programm’, 

German wording for ‘tail biting intervention programme’) for the reduction of tail biting 

in German fattening pigs, which follows the above-mentioned principle, was 

developed and evaluated on conventional German finisher farms.  

Prior to the programming, an expert survey was conducted to gain knowledge on 

factors influencing tail biting in German pig husbandry. The participating experts 

weighted risk factors according to their suspected impact on tail biting. 

This dissertation describes the outcome of this expert survey and how the knowledge 

obtained was integrated into the tail biting intervention tool first. The analysis of the 

obtained expert knowledge is described in Paper I.  

With the help of the SchwIP, 213 individual farms with problematic tail biting were 

evaluated. Since the SchwIP can be applied on the farms without the use of climate 

measurement equipment, the reliability of subjective assessment of climate 

parameters by the applicant was analysed. This examination is presented in Paper II.  

The ability of the tool to represent the actual tail biting risk on farms was examined 

and validated. The latter included the analysis of the relationship between 

independent risk factor categories and tail (and ear) biting lesions. The result of these 

investigations is given in Paper III. 
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2  Literature review 

2.1 Behavioural, health and welfare aspects of tail biting 

Tail biting is a behavioural disorder which is based on the biting pig’s inability to cope 

with its environment. This behaviour is observed both in young growing pigs 

(FRASER et al. 1991b) and in fatteners (SINISALO et al. 2012). At the beginning of 

tail biting, a pig starts to manipulate the tail of a pen mate with its teeth, which is 

known as tail-in-mouth behaviour (SCHRØDER-PETERSEN et al. 2003). This initial 

gentle manipulation is often tolerated by the receiving pig. The chewing may result in 

skin damage, such that wound secretion attracts hitherto uninvolved pigs to further 

biting behaviour (VAN PUTTEN 1969), which is why tail biting is often referred to as 

‘outbreaks’ involving numerous biters and bitten pigs (FRASER 1987). Further 

manipulation leads to more severe tail wounds and haemorrhage, which encourages 

a rise in biting intensity, while the bitten pig tries to escape.  

Often, pieces of tissue are removed in the biting process (VAN PUTTEN 1969) and 

severest tail lesions often involve not only the skin, but also the muscles and 

vertebrae of the tail, which may result in necrosis and partial or full loss of the tail 

(PENNY and HILL 1974). Tail biting can even lead to spinal canal injury, which 

provides an access route for ascending infection; abscess formation in the tail, spine, 

abdominal and thoracic vertebrae, lesions in the pelvis or lungs, and septic arthritis 

are found at the abattoir (HUEY 1996). Affected pigs may suffer from posterior 

paralysis and may develop pyaemia (CHIEW et al. 1991), which may cause the 

death of the affected pig (VAN PUTTEN 1969). On the other hand, it is possible that 

tail biting subsides in a pen and the lesions heal (HANSEN et al. 1982) without 

complications. The above-mentioned abattoir findings underline how far tail biting 

increases the susceptibility to other diseases, which is why tail biting and health 

impairments are regarded as conditions which facilitate each other 

(SMULDERS et al. 2008). The reduced welfare of bitten pigs is furthermore reflected 

by a decrease in growth rate: bitten pigs have a reduced average daily gain of 

1 to 3% compared to pigs with un-bitten tails (SINISALO et al. 2012). 
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Tail biting and stress are linked. Not only is tail biting promoted by stressful 

circumstances, but it is also assumed to reflect psychological stress in biters as well 

as in victim pigs. It is a condition which leads to disturbance and unrest in a pen, 

irritation of pen mates and increased activity of the pigs; a tail bitten pig may become 

depressed in behaviour and vitality due to the stress involved (AREY 1991) as well 

as due to pain. Bitten pigs as well as biters show variations in parasympathetic 

activation and deviations in behaviour towards novel objects, which reflects the 

emotional impairment and stress of both biters and victim pigs (ZUPAN et al. 2012). 

Tail bitten pigs might become smaller than pen mates (i.e. become a runt) due to 

sequelae and growth depressions. Runts suffer from chronic stress 

(SMULDERS et al. 2006), which leads to a vicious circle, since pigs which perform 

high levels of tail biting are often growth retarded (VAN DE WEERD et al. 2005) or 

runts (COLYER 1970). This underlines in how far stress itself is inseparably linked to 

the animal’s welfare (VEISSIER and BOISSY 2007). Since tail and ear biting are 

positively correlated (BEATTIE et al. 2005), a link between stress and ear biting can 

be suspected as well. 

2.2 Economic aspects of tail biting 

Tail biting is also an economic problem since it raises costs due to an increase in the 

farmer’s work in terms of time and resources. This financial repercussion should not 

be underestimated by farmers (HUEY 1996).  

On farms dealing with tail biting, the farmer and stockpeople have to invest more time 

and effort into the care of affected animals, as well as of biters: if tail biting occurs, 

removal of the biter is highly recommended, but this requires an investment of 

observation time (BRUNBERG et al. 2011) and additional pens to maintain. 

Separation of affected animals is essential to avoid further manipulation of the 

bleeding tail and in order to enable veterinary treatment, but leads to extra animal 

handling. Administration of medication to affected pigs, e.g. systemic antibiotics 

(WALLGREN and LINDAHL 1996) or topical medication (WALKER and 
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BILKEI 2006), creates further costs. Highest on-farm costs are expected if a pig has 

to be euthanized due to tail biting lesions. 

At the abattoir, carcass damage and tail biting are linked (HUNTER et al. 1999). Tail 

biting may result in condemnation of other affected carcass parts which are valuable, 

e.g. the hindquarter, due to abscess formation; often, the whole carcass is rejected 

(HUEY 1996), leading to significant financial loss for the farmer. LEE and 

VEARY (1993) examined 10,111 freshly slaughtered pig carcasses in a South 

African abattoir and found that 94% of carcass condemnations due to pyaemia were 

related to tail biting. Approximately 41% of each producer’s financial loss due to 

carcass condemnation was caused by tail biting on average. In carcasses with 

lesions at more than one site, tail biting was the cause of infection in approx. 62% of 

cases (HUEY 1996). MOINARD et al. (2003) reported an estimated financial loss of 

approx. £ 3.5 million in the UK pig industry due to tail biting in 1999.  

An exact tail biting-related cost analysis would have to include all the 

above-mentioned parameters and more; e.g. gilts (females) which have been tail 

bitten are only likely to be sold as fatteners rather than as breeding stock. Health 

consequences, such as pulmonary diseases, caused by bacterial spread from an 

initial tail lesion to lung or pleura through the bloodstream (KRITAS and 

MORRISON 2007), would cause further treatment costs to be included in the 

calculations. In a first holistic attempt, ZONDERLAND et al. (2011) estimated an 

annual financial impact of € 2,383 for a ‘typical finishing farm’ of 4,000 pigs in the 

Netherlands, based on a tail biting prevalence of 2.12% and including such factors as 

extra animal handling and carcass trimming costs at the abattoir.  

Financial loss due to tail biting in Germany has yet to be examined.
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2.3 Tail biting influencing factors 

2.3.1 Internal factors 

2.3.1.1 Weaning age 

Weaning age is suspected to be a crucial factor in tail biting development: if piglets 

are weaned early, suckling motivation might remain (SMULDERS et al. 2008). The 

remaining suckling motivation might be directed towards the tails of pen mates. 

Redirected suckling as a triggering condition for tail manipulation became evident 

when it turned out that piglets, separated from the sow after hysterectomy, redirected 

their suckling behaviour mostly to the tails and ears of littermates (NOYES 1976). 

MOINARD et al. (2003) observed increased tail biting after weaning on farms where 

fostering was present, which seems to underline the importance of maternal care in 

the context of tail biting at a later stage. An association between the development of 

growth retarded pigs (presumably experiencing critical phases, for example 

connected to weaning) into high performing tail biters is suggested by 

TAYLOR et al. (2010). 

2.3.1.2 Animal health 

The pigs’ health influences tail biting development and animal health is inseparable 

from welfare and emotional state (BRACKE et al. 1999). As mentioned above, poor 

health increases the risk of tail biting as well as being a consequence of tail biting. 

This once more underlines the interrelation of factors which might influence the 

development of biting behaviour.  

Respiratory and gut health impact the development of tail biting. In an on-farm case 

control study, tail biting increased 1.6-fold if pulmonary diseases were present and a 

positive association with rectal prolapse was reported. In addition, a higher mortality 

was found on problem farms (MOINARD et al. 2003). On the one hand, the author 

suggested culling due to tail lesions as a possible explanation for mortality levels, 
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but, on the other hand, stated that these problem farms were also likely to be 

encountering other diseases which promoted the tail biting. A link between enzootic 

pneumonia and tail biting promotion was suggested for outdoor reared pigs 

(WALKER and BILKEI 2006) due to a presumed increased discomfort and 

restlessness. The introduction of Porcine circovirus type 2-vaccine was suspected of 

having contributed to a decrease in health-related tail biting risk in finisher pigs 

(TAYLOR et al. 2012). The above-mentioned relationship between climate and lung 

health underlines the multicausality of tail biting. In addition, other diseases such as 

external parasites (COLYER 1970) or digestive illnesses are suspected to influence 

biting behaviour. The development of gastric ulcers emphasises the interaction of tail 

biting promoting factors; gastric ulcers in slaughter pigs are positively correlated to 

floor type and pellet ration and it is argued that this might increase the display of 

redirected exploratory behaviour (AMORY et al. 2006).  

Ear lesions have a special status in tail biting prevention. Ear wounds or scabs are 

common in pig husbandry and are often related to ear biting (PRINGLE et al. 2009), 

ear tip necrosis and injury from pen fittings are other possible causes. Tail and ear 

biting are likely to be based on similar risks (SMULDERS et al. 2008) and show 

positive correlation (BEATTIE et al. 2005); the presence of ear lesions should be 

regarded as hint to hazardous conditions for tail biting. This finding is of special 

importance for docked populations, since pigs with intact tails have lower levels of 

ear lesions (HUNTER et al. 1999). High-frequency tail biters also tend to bite more 

ears (BRUNBERG et al. 2011). Thus, the presence of ear wounds might indicate the 

presence of potential tail biters as well.  

The overall reason why diseases and tail biting may relate could be that every illness 

stresses the animal and therefore promotes the development of biting behaviour, and 

vice versa (SCHRØDER-PETERSEN and SIMONSEN 2001). Moreover, health 

impairment is likely to influence tail biting development indirectly, since pigs that 

undergo growth depression are more likely to start tail biting (see Chapter 2.1). 

Growth retarded pigs might have to compete harder for food 

(VAN DE WEERD et al. 2005) which might lead to stress in such animals 
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(SMULDERS et al. 2006). Also, pigs which are suffering from poor health may be 

less likely to show avoidance behaviour when tail manipulation occurs.  

2.3.1.3 Gender 

A range of results has been presented in the literature as to whether one gender or 

mixed- or single-sex groups are higher risk for tail biting. At six UK abattoirs, where 

most pigs were tail docked, males were more likely to be bitten than gilts 

(HUNTER et al. 1999). Even if, in the latter study, it is unknown which gender may 

have caused more lesions, it raises the question as to whether or not the group 

composition has an influence on the tail biting risk. In the above-mentioned study, the 

effect of gender on tail biting was the same in docked and un-docked pigs. It is 

unknown if the boars were castrated, but it is unlikely that they were 

(Wainwright, N., 2014, personal communication).  

If gilts are compared to castrated males at the abattoir, more bitten males than 

females are found (PENNY and HILL 1974; VALROS et al. 2004). Thus, males seem 

to receive more tail damage, but at the abattoir the effect of mixed-sex pen groups 

cannot be estimated. Also, these studies do not include the percentage of pigs with 

tail damage that may have died or been euthanized on the farms. In weaned piglets 

with intact tails, the females are more likely to bite than males. At the beginning of tail 

biting, higher tail damage duration is found in all-female groups than in all-male or 

mixed-sex groups, and in all-female groups, tail biting started earlier 

(ZONDERLAND et al. 2010). In the same study, in the mixed groups, more males 

than females suffered from tail lesions.  

In outdoor-reared weaners, a higher prevalence of tail lesions was found in barrows 

(castrated males), which positively correlated with the percentage of females in the 

groups (WALKER and BILKEI 2006). In fattening pigs with intact tails, housed in 

mixed-sex groups, more entire males than females were bitten 

(VAN DE WEERD et al. 2005). Comparing barrows and gilts with intact tails during 

fattening, most of them kept in mixed-sex groups, the females tended to perform 

more severe tail biting than their male pen mates (BRUNBERG et al. 2011). 



 
Literature review 

 
19 

 

 
 

 

In long-tailed fattening pigs, HUNTER et al. (2001) found a lower probability of 

fatteners having tail lesions at abattoir if the pigs were housed in mixed groups. In 

contrast, in weaners, a significantly higher frequency of tail-in-mouth behaviour was 

found in mixed groups (SCHRØDER-PETERSEN et al. 2003). Thus, gilts are likely to 

be more prone to bite, but the effect of single or mixed-sex groups remains unclear. 

In contrast, no difference in the odds of being tail bitten was found between intact 

males, barrows and females in other studies (BREUER 2005; SINISALO et al. 2012). 

2.3.1.4 Genetics 

The breed seems to have an influence onto the likelihood to bite tails, even if various 

authors do not always agree on the degree of this association. Backfat thickness is 

influenced by genetics (HILL et al. 1998). Breeds that provide lower backfat and a 

higher degree of lean tissue growth are more likely to develop tail biting than others; 

as backfat increases by 1 mm, the tail biting risk decreases 1.5-fold 

(MOINARD et al. 2003). There is some evidence that pigs which are not involved in 

tail biting behaviour in pens with problematic tail biting differ not only in behaviour, 

but in gene expression as well, compared to other pigs in these pens 

(BRUNBERG et al. 2013). Modern breeds, selected for fast growing lean tissue, are 

suspected to bite to a higher degree, such as Landrace (PENNY and HILL 1974; 

FRASER and BROOM 1997; BREUER 2005) or cross-breeds of such 

(PENNY and HILL 1974) as well as Large White (Yorkshire) (BREUER 2005). It has 

to be taken into account that these breeds are also often found in confined housing 

systems with other conditions conducive to tail biting (TAYLOR et al. 2010) and 

management and resources should be considered in relationship to genetics 

(MOINARD et al. 2003). The pig industry of the European Union houses a very 

limited number of breeds, to that extent that one third of fattening pigs are Large 

White (LAVAL et al. 2000). Therefore, it can be assumed that most tail biting studies 

focus on a gene pool of low variability. Different authors may also be working with 

different strains of a named breed, e.g. supplied by different breeding companies and 

thus might reach different conclusions than other researchers. 
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2.3.2 External factors 

2.3.2.1 Feed and water 

Both feed ration and feed preparation can influence the pigs’ tendency to develop 

abnormal biting behaviours. Foraging and rooting behaviour in pigs is mostly 

nutritionally motivated, but is influenced by external factors as well: in pigs kept 

outdoors, feeding decreases and nosing substrate increases with increasing stocking 

density and rooting tends to be higher as well (ANDRESEN and REDBO 1999). Pigs 

display nutritive and non-nutritive chewing (FEDDES and FRASER 1994) and both 

may develop into tail biting, if foraging behaviour is redirected to the tails of group 

members.  

As for feed ingredients, sodium and protein seem to be of particular interest in tail 

biting prevention. In a tail-chew-test on ropes soaked in saline, time spent in contact 

with the ropes was positively correlated with tail and ear biting; this leads to the 

question as to whether or not nutritional deficiencies or imbalances may promote tail 

biting (BEATTIE et al. 2005). The idea that the provision of salt (NaCl) might reduce 

tail biting incidence is supported by TSOURGIANNIS et al. (2002), who provided 

0.5% and 1.5% salt per kg feed to two groups of pigs. The additional salt reduced 

biting behaviour by half compared to the pigs who received 0.5% per kg feed. Taking 

this into account, this finding might suggest that increasing the salt level (i.e. the 

change itself, not just starting at a higher level) may help in the reduction of tail biting 

as well. 

Pigs are attracted to blood, which explains the development of small wounds to tail 

biting ‘outbreaks’. This condition is likely to be enhanced by dietary deficiencies 

(FRASER 1987); therefore, farmers consider changes in feed formula as an 

important factor related to tail biting (PAUL et al. 2007). Moreover, imbalances in 

protein, amino acids and energy also influence behaviour; gilts display increased 

foraging behaviour such as rooting if fed with low protein rations, even if these are 

provided ad libitum (JENSEN et al. 1993). Fattening pigs fed with low protein or low 

energy rations show a greater tendency to chew on blood-soaked tail models, even if 
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their growth rates are not affected by the diets (MCINTYRE and EDWARDS 2002). 

Fatteners deprived of the protein component in feed show a significant increase of 

chewing blood-soaked tail models and of growth depression (FRASER et al. 1991a). 

Lysine and tryptophan may play a special role in the development of tail biting 

(TAYLOR et al. 2010) due to their involvement in stress reduction in pigs; it is 

suspected that a lysine-fortified diet decreases the display of stress-induced 

behaviour (SRINONGKOTE et al. 2003). TAYLOR et al. (2010) reported that farmers 

assume an association between the range of animal-derived proteins and a lower 

degree of tail biting; this raises the question whether not only the protein balance, but 

also the taste of the feed might relate to the development of tail biting. 

The feed has to satisfy all nutritional needs of the pigs. Not only quality and taste of 

the feed must be optimal; the feed should also provide optimal growth without the 

pigs remaining hungry. High energy, low fibre diets which are intended to contribute 

to rapid tissue growth (if not provided ad libitum, presumably) may fail to completely 

satisfy the appetite of pigs; this causes restlessness which might promote tail biting 

(COLYER 1970).  

The degree of feed grinding influences gut health; coarsely ground rations promote 

the physicochemical and microbial properties in the pigs’ gastrointestinal tract, 

decreasing the survival of Salmonella (MIKKELSEN et al. 2004) and thus improving 

gut health. Pelleted meals increase the risk of developing of gastric ulcers in pigs 

(AMORY et al. 2006) and therefore increase the probability of tail biting 

(HUNTER et al. 2001).  

Moreover, the ratio of animals to feeder spaces has to be taken into account: In 

long-tailed pigs, double or multi-space feeders contribute to tail biting prevention 

(HUNTER et al. 2001). It is expected that this is the case in docked populations, too. 

Therefore, the capacity of the system to prevent feed competition should be 

considered, in order to provide enough feed (at sufficiently frequent intervals) for 

every pig in the pen and in order to avoid stress in the pen group. 
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Tail-bitten pigs are reluctant to stand at the feeder in order to prevent further biting on 

the wounded tail (SCHRØDER-PETERSEN and SIMONSEN 2001), which will 

contribute to weight loss in bitten pigs. Increasing the amount of feeder spaces might 

thus facilitate reconvalescence of such animals; it would enable them to feed 

undisturbed, if feed competition is avoided. 

Not only feeding, but water is an essential need for pigs (KASHIHA et al. 2013). Pigs 

require clean drinkers and the type of the drinker and the type of the feeder influence 

the water intake. Height and angle should match the size of the pigs. The flow rate 

influences the water intake and a lack of water may decrease production 

performance (i.e. weight gain) as well as the pigs’ health (GONYOU 1996), which 

points to a connection between insufficient water provision (resulting from the 

farmer’s water management) and an increasing tail biting risk; if the water provision is 

insufficient, the pigs might suffer from this lack and thus experience chronic stress. 

2.3.2.2 Climate 

The pen’s microclimate interrelates with the respiratory tract (e.g. by containing aerial 

pollutants) and the body surfaces of the occupying pigs (e.g., draughts may lead to 

increased convection), thus affecting lung health and temperature regulation. High 

ammonia contents in the pigs’ environment cause inflammation of the respiratory 

tract, which reduces welfare (VON BORELL et al. 2007) and increases the pigs’ 

susceptibility to respiratory diseases (MURPHY et al. 2012). Other toxic airborne 

pollutants such as hydrogen sulphide (DONHAM et al. 1985) and carbon dioxide 

(BANHAZI et al. 2011) may decrease the pigs’ welfare if levels in the building go 

beyond a certain degree. A high carbon dioxide level induces respiratory disorders 

and decreases the pigs’ growth rate (KÖFER et al. 1993). This negative impact is 

enhanced if the air is dusty and results not only in growth depression, but also in 

increased cortisol levels (LEE et al. 2005). The latter finding emphasises the degree 

to which poor climate enhances stress in the pigs. The relationship between 

suboptimal air quality and growth depression may result from the impact of aerial 

pollutants on the immune defence of pigs, which leads to inflammatory reactions and 
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decreased daily weight gain, partly because of a reduction in feed intake 

(MURPHY et al. 2012).  

Air temperature and air velocity interact with the pigs’ body surface; pigs lack 

functional sweat glands and thus often try to prevent hyperthermia by wallowing 

(BRACKE 2011) or by panting. On the other hand, a too high air velocity affects the 

maintenance of body temperature in pigs (VERHAGEN et al. 1988) and may raise 

the incidence of gastrointestinal disorders (by a change of time of digesta passage if 

the animal is submitted to draught), which may result in decreased production 

performance (SCHEEPENS et al. 1991). Moreover, in the latter study, the application 

of a too high air velocity resulted in an increase in coughing and sneezing frequency. 

The presence of draughts becomes particularly important if the pigs are unable to 

avoid it, i.e. if the pen design does not allow all pigs in the pen to withdraw from the 

draught. 

Both health impairment and growth depression are known to promote tail biting 

(see Chapter 2.1 and Chapter 2.3.1.2); thus, poor climate influences tail biting 

indirectly. The microclimate itself is, in turn, affected by ventilation, but furthermore by 

slurry management and cleanliness of flooring (DONHAM et al. 1988). This once 

more shows the close link of the many factors that might affect the pigs’ well-being 

and underlines the importance of the maintenance of sufficient climatic conditions in 

order to provide an optimal environment for the pigs.  

2.3.2.3 Space 

Stocking density is known to influence the prevalence of tail biting, with higher risk of 

tail biting in higher stocking densities. Space provision contributes to tail biting 

prevention (BRACKE et al. 2004). Intensification of pig husbandry during the last 

decades has resulted in a major increase in stocking density and a relationship with 

tail biting development was suspected at an early stage (COLYER 1970; 

PENNY et al. 1981). This relationship was confirmed later by various authors 

(BEATTIE et al. 2000; MOINARD et al. 2003). A recent large-scale risk analysis 
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showed that the stocking density is of paramount importance in tail biting prevention 

(EFSA 2014). 

In pens with considerably more space and enrichment, less harmful behaviour (such 

as nosing pig or biting tails and ears) and less fearful behaviour in presence of 

stressors is observed (BEATTIE et al. 2000); note that in the latter study, both factors 

cannot be distinctly differentiated from one another. 

The impact of overcrowding on the pigs’ welfare is emphasized by the fact that 

decreased space allowance results in decreased growth (RANDOLPH et al. 1981). 

Avoidance of overcrowding seems particularly important if the pen design is taken 

into account: small pens do not leave much room for pen structuring, which is 

important for pigs’ preferred behaviour patterns. Adequate housing conditions include 

sufficient resting space as well as activity space (in order to move between 

resources) and interaction space (SPOOLDER et al. 2012). Indirectly, space 

provision will have an influence on the ratio of animals to feeder spaces; if the pen is 

overcrowded, there might be too many pigs per feeder space, which in turn 

influences the tail biting risk (see Chapter 2.3.2.1). 

Moreover, space and enrichment seem to interact; a higher space allowance is 

assumed to reduce competition for enrichment in pen (JENSEN et al. 2010). 

Presumably, if more space is provided, the pigs might keep out of each other’s way 

and might thus be enabled to explore the enrichment undisturbed; if the enrichment 

is used in a higher degree, this might lower the tail biting risk (see Chapter 2.3.2.5). 

2.3.2.4 Group size 

The number of pigs in a pen may relate to the development of tail biting 

(COLYER 1970), but close examinations of this relationship are rare. The daily 

weight gain of fatteners is not affected by the group size, but behaviour is influenced: 

In large groups of 20 compared to 5, the total of negative interactions (fights, attacks, 

threats, displacements and tail bites) increased nonlinearly (RANDOLPH et al. 1981). 

This was confirmed by SCHMOLKE et al. (2004) who compared groups of 10, 20, 40 
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and 80 pigs and found a lower total number of fights per pig in the group of 10 

compared to the other groups, but the number of injuries was unaffected and there 

was no effect on productivity. Similarly, in groups of 5, 10, 15 and 20 pigs, no 

difference was found in daily weight gain or displacements at the feeders 

(NIELSEN et al. 1995). In a British postal survey, an increased risk of vulva biting 

with increasing group size was reported and vulva biting was correlated to tail biting 

(RIZVI et al. 1998). Doubts have arisen with respect to the question as to whether or 

not tail and vulva biting have the same background causes; nevertheless, in the latter 

study, the association between both behaviours was substantial.  

Thus, the role of the group size as an influence on the pigs’ welfare has yet to be fully 

determined. Group size was considered a potential risk factor and was included in 

the modelling of a decision support system for the assessment of tail biting risks by 

BRACKE et al. (2004). 

2.3.2.5 Enrichment 

Apart from the search for food, pigs perform non-nutritive chewing, which is 

influenced by accessibility and destructibility of the material or object 

(FEDDES and FRASER 1994). Pigs are motivated to root and chew, even if the 

provided material is not edible, which suggests that this behaviour is displayed 

independently of hunger-motivated foraging (BEATTIE and O'CONNELL 2002). 

Nevertheless, this non-nutritive chewing is enhanced by appetite: pigs show 

increased levels of rooting and chewing of substrates when fed restricted rations 

(JENSEN et al. 1993). Since chewing and rooting are in the very nature of pigs, it is a 

matter of positive welfare to enable them to do so, even if feed is provided ad libitum 

(BEATTIE and O'CONNELL 2002).  

Enrichment is believed to be the most influential factor in tail biting prevention and 

reduction, especially in docked populations (EFSA 2007). Destructible substrates 

(such as straw or hay) are highly preferable compared to enrichment objects (such 

as chains with wooden or plastic objects). Twice daily provision of long-stemmed 

straw is most effective in reducing levels of tail biting in weaners, compared to a 
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metal chain, a rubber hose or even straw racks (ZONDERLAND et al. 2008). Finisher 

groups provided with liquid dispensers with flavoured water and with objects had 

higher tail biting incidences than pigs provided with straw bedding 

(VAN DE WEERD et al. 2006). If given the choice, finisher pigs highly prefer 

substrates over objects and in the absence of such material, pigs tend to direct more 

investigation towards their pen mates (SCOTT et al. 2007). In growing pigs, harmful 

behaviours (e.g. nosing) decrease if enrichment is provided. The effect of enrichment 

is even greater than provision of additional space alone (BEATTIE et al. 1996). 

According to MOINARD et al. (2003), adding straw to pens decreases the tail biting 

risk by a factor of 10. 

In an expert survey, experts considered substrates as highly preferable over objects 

as enrichment for pigs (BRACKE et al. 2007) and EFSA (2007) stated that the 

provision of such objects cannot reduce the tail biting risk on farms; however, when 

enrichment objects are provided, the incidence of tail and ear biting is lower than in 

completely barren pens (SAMBRAUS and KÜCHENHOFF 1992). Fatteners interact 

more with destructible hose than with metal chains, but as weaners, the same pigs 

used both (HILL et al. 1998). This emphasises that a pig’s preference for enrichment 

types changes during its development. As pigs grow, they are able to grasp larger 

objects; therefore, pigs should be provided with enrichment that suits their size and 

their needs, which is a factor that is often not considered on farms 

(VAN DE WEERD et al. 2003). 

2.4 Tail docking and legal requirements 

The docking of tails (removal of tail tip or more) in new-born piglets is an effective 

control measure in tail biting prevention (PENNY and HILL 1974; 

HUNTER et al. 2001). Nevertheless, this practice cannot completely eradicate the 

problem and tail biting occurs in docked populations as well 

(SMULDERS et al. 2008). The amputation of the tail, or parts thereof, is carried out in 

many European countries (EFSA 2007; BRACKE et al. 2013). The preventive effect 

of this treatment is supposed to have its origin in alterations of the tail end tissue after 
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docking: there is a high density of irregularly distributed peripheral nerves in the 

amputation stumps. The distribution of myelin is uneven and neurofibrils aggregate in 

lumps of varying thickness. Moreover, in some of tail stumps, neuroma formation is 

observed as well as hyperkeratosis (SIMONSEN et al. 1991). The author of the latter 

study argued that the histological findings indicate a hypersensitivity or even pain in 

the remains of the amputated tail as a result of increased reactivity in the nerves in 

the scarification. This is thought to encourage the pigs to withdraw earlier if their tails 

are bitten. Another hypothesis for the preventive effect of tail docking is that the 

shortened tail is less easy to grab.  

Despite widespread use of tail docking as a preventative measure, only a few 

experimental studies about tail docking exist. If pigs with intact tails are compared 

with pigs with docked tails (approx. ⅔ of tail remaining), a greater incidence of 

wounded tails is found for the long tailed pigs (MCGLONE et al. 1990). Conversely, a 

British postal survey reported a higher likeliness of being bitten in docked pigs than in 

pigs with intact tails (CHAMBERS et al. 1995). This finding might be related to the 

long term history of problematic tail biting on the included farms, which might have 

been the initial reason why docking was carried out at all (SCHRØDER-PETERSEN 

and SIMONSEN 2001).  

The preventive effect of tail docking leads to the question as to whether or not the 

docking procedure is less of a welfare impairment than being tail bitten at a later 

stage if the tail is not docked. Conventional pig farmers with on-farm tail biting 

problems consider tail docking as a necessary procedure to prevent tail biting 

(BRACKE et al. 2013). The opinion that new-born piglets might not perceive the 

docking procedure as very painful is common (MCGLONE et al. 1990).  

Research has clearly disproved this argument; even the most peripheral tail segment 

of new-born piglets contains myelinated nerve bundles which can be traced to the tail 

tips (SIMONSEN et al. 1991). This implies that piglets are capable of perceiving pain 

when the tail portions are amputated. Pain at the time of docking is therefore very 

likely, but long-term pain and intermittent pain are more contentious; 
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SANDERCOCK et al. (2011) found no evidence that tail docking leads to long-term 

changes in nociception in pigs.  

However, the procedure itself is stressful for the piglets: Piglets undergoing docking 

displayed more grunting and tail wagging than pigs that were simply picked up, which 

implies that docking causes stress (NOONAN et al. 1994). Moreover, the tail 

provides communication among pigs and can express mental states, such as fear 

(MCGLONE et al. 1990). Amputation of (parts of) the tail deprives the pig of this 

communication medium, especially if it is short-docked.  

Tail docking is commonly carried out without any use of medication and is therefore 

regarded as a cruel and painful measure (NOONAN et al. 1994). At the time this 

work was done, there was an intense debate over the necessity of tail docking in 

Germany and this procedure recently received increased attention from the media 

and the public. Tail docking of piglets is, in Germany, carried out without the use of 

any anaesthetics if the pig is less than 4 days old. Routine tail docking is strictly 

prohibited by the German Animal Welfare Act (ANONYMOUS 2006). This legislation 

prohibits both the amputation of body parts of vertebrates and all surgical 

interventions that involve pain in vertebrates. Nevertheless, the German Animal 

Welfare Act permits, “in individual cases”, the amputation of the tail. This is only valid 

“if the procedure is carried out to protect the animal (or other animals) from harm or if 

the amputation is necessary for the use of the animal”. European legislation limits 

routine tail docking as well: the European Council directive laying down minimum 

standards for the protection of pigs states that tail docking “must not be carried out 

routinely but only where there is evidence that injuries [...] to other pigs’ ears or tails 

have occurred” (ANONYMOUS 2008). It requires that other tail biting preventing 

measures, which take environment and stocking density into account, must be 

applied before docking is carried out. After having regarded these regulations, 

German farmers are able to practice tail docking, if the competent authority is 

informed (ANONYMOUS 2006). In this process, a veterinary certificate is required, 

which documents the farmer’s and the veterinarian’s efforts to lower the on-farm tail 

biting risk and which states the necessity of tail docking. This loophole is the reason 
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why the vast majority of pigs in conventional German pig housings are docked 

(SAMBRAUS and KÜCHENHOFF 1992). The exact number of tail docked pigs in 

Germany is unknown. During the preparation of this thesis, several German federal 

states prepared the withdrawal from the common practice of tail docking, but this 

renunciation has not yet been anchored in the legislation. 

2.5 Combating tail biting 

2.5.1 Immediate treatment in case of tail biting outbreaks 

Various measures have been suggested as potential treatments against tail biting, 

however it is often difficult to persuade farmers to apply known solutions. Even 

though, in the most recent large-scale study, the stocking density is considered to be 

one of the most important criteria for the reduction of the tail biting risk on the farms 

(EFSA 2014), such a reduction of stocking density is not often carried out as 

treatment on farms dealing with immediate tail biting outbreaks 

(HUNTER et al. 2001), presumably due to the relationship between fattening spaces 

and housing costs or the lack of free pens available.  

Provision of enrichment material is, according to EFSA (2007), of major importance 

both as a treatment and as a preventive measure, especially in tail docked 

populations. Long-stemmed straw given daily twice works best in the reduction of tail 

biting (see Chapter 2.3.2.5) and is therefore recommended in cases of tail biting 

outbreaks (ZONDERLAND et al. 2008). In Germany, this measure is often not carried 

out, probably due to financial considerations; moreover, the farmers who participated 

in this study replied to worry for problems concerning the slurry system, if straw or 

hay is used, or for mycotoxin contamination of enrichment material. 

A third important measure is the removal of bitten pigs in order to prevent further 

destruction of the tail as well as to allow medical treatment (WALLGREN 

and LINDAHL 1996). The isolation of the biter is particularly relevant 

(BRUNBERG et al. 2011). The identification of the latter is time-consuming since the 

biter might not perform this behaviour during the time the farmer is observing the 
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pigs. The observation period to reliably identify high performing tail biters is estimated 

to be approx. 30min (BRUNBERG et al. 2011). This time requirement could explain 

why many farmers report not carrying out this measure; moreover, there might not be 

enough separating pens on each farm if tail biting occurs on many pigs at once. In a 

British postal survey 450 British producers reported their management practices in 

case of tail biting outbreaks; 43% reported removing the biter, but 67% removed 

bitten pigs (HUNTER et al. 2001). 

2.5.2 Farm-specific approach in tail biting prevention 

Due to the multicausality of tail biting, an approach that considers the entire farm and 

its management practices is required, if causes for tail biting on a problem farm are to 

be examined and if solution strategies are to be developed. In pig husbandry, 

farm-specific intervention tools provide a comprehensive risk assessment and can 

furthermore support the farmer, who plays a key role in tail biting prevention 

(BRACKE et al. 2013), in deciding on risk-reducing changes (TAYLOR et al. 2012).  

Farm-specific intervention tools can be developed according to the principle of animal 

health and welfare planning (AHWP; for example, see IVEMEYER et al. 2012): 

Farms dealing with animal health impairments are evaluated by an external person. 

Data obtained on-farm (for example animal based and resource based parameters 

and management practices) are used to generate a farm-specific risk assessment 

report, which provides an improvement strategy. The responsibility to perform welfare 

improving changes in livestock is perceived differently from farmer to farmer 

(DOCKÈS and KLING-EVEILLARD 2006). Based on the risk assessment report, 

farmers can be motivated to decide on improvement measures.  

German farmers would, presumably, not only benefit from such tools in terms of tail 

biting prevention but also for other for other production factors: the German Animal 

Welfare Act requires farm-specific internal controls in livestock, according to an 

amendment in 2013 (ANONYMOUS 2006). These controls should ensure 

appropriate feeding and care and species-appropriate housing; the farmer is obliged 

to ensure that the pigs are enabled to move sufficiently and to avoid physical harm.      
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The stock person must provide welfare-related knowledge. Farm-specific intervention 

tools (like SchwIP) would contribute to such farm-specific internal controls. Principles 

for on-farm animal health and welfare planning have already been implemented for 

pigs in other countries (TAYLOR et al. 2012) as well as for other species 

(IVEMEYER et al. 2012), but for German conventional pig husbandry, the approach 

has yet to be utilised. 
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3 Material and Methods 

The tail biting intervention tool SchwIP (‘Schwanzbeiß-Interventions-Programm’, 

German wording for ‘tail biting intervention programme’) was applied and evaluated 

from September 1, 2011 and August 31, 2014. The results of the study were included 

into two doctoral theses. In this thesis, data obtained in the expert survey on risk 

factors for tail biting on German fattening farms are presented as Paper I.  

During all farm visits that were carried out by the author of this thesis, climatic 

parameters were measured instrumentally and assessed subjectively in the same 

pens. The values of the instrumentally measured parameters were compared to the 

subjective assessments and the reliability of the subjective assessments are 

presented here as Paper II.  

On-farm data on risk factors resulting from the application of the SchwIP in 2012 and 

relationships between the risk factors and the actual on-farm tail biting situation are 

presented as Paper III. 

3.1 Expert survey on risk factors for tail biting 

In order to gain expert knowledge on tail biting risks on German finisher farms, an 

online survey was conducted at the beginning of the project. The obtained data 

served as basis for the SchwIP. 

3.1.1 Conduction of the questionnaire and recruitment of experts 

An online questionnaire was conducted using the online survey platform 

www.q-set.de (Goldecker GmbH, Altenthann, Germany). The questionnaire included 

86 risk factors for tail biting on German finisher farms. Most questions originated from 

a knowledge data base in a tail biting advisory tool (‘HAT’; ‘husbandry advisory tool’) 

which was recently developed in the UK (TAYLOR et al. 2012). The HAT data were 

supplemented with further risk factors which were considered to be particularly 

relevant in German pig husbandry. These were included after a review of scientific 

literature and informal expert consultations.  
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The questionnaire was designed according to guidelines for web-based surveys 

(DILLMAN and SMYTH 2007). It contained 86 factors which experts were asked to 

weight. The experts were recruited via networking. 10 additional factors were 

included which were to be classified by the experts (relevant/not relevant for tail 

biting) as well. For the weighting, a scale was used. The experts could decide on the 

impact of each factor on tail biting by assigning weights in 10 units 

(-90 corresponding to ‘factor strongly tail biting preventing’, +90 corresponding to 

‘factor strongly increasing the tail biting risk’ and 0 corresponding to ‘no impact’). To 

avoid errors, the scale was coloured, whereby -90 was marked green, 0 orange and 

+90 red. All factors were expressed as a phrase (e.g. “there are indications of 

diarrhoea in the pen. What influence will this have on tail biting development?”). The 

experts had a ‘no answer’ option for each factor. The questionnaire provided also a 

comment field for each factor. 

Experts of various educational backgrounds (e.g. veterinarians, agriculturists or 

biologists with a current scientific or professional background in pig husbandry) were 

chosen to participate in the survey. They were recruited via networking. The experts 

were contacted by phone and the procedure of the participation was explained. A 

total of 107 experts were contacted. If an expert agreed to participate, the link to the 

survey homepage was sent via email. The survey was open from 

November 23, 2011 till January 18, 2012. Fifty-eight questionnaires were returned. 

Some experts answered the questionnaire together, e.g. veterinarians who worked in 

the same group practice for swine. 

3.1.2 Analysis of expert opinion data 

The expert knowledge database was based on the feedback of the returned 58 

questionnaires with answers to 86 weighted factors each. The 10 questions 

concerning relevance were excluded from further analysis. Factors were ranked 

according to the attached weights. The interquartile ranges (IQR) of weights were 

used for describing the expert consensus. In order to examine a possible relationship 

between expert groups giving comparable answers and their educational 
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background, the data were clustered. First, experts were classified as having an 

agricultural, veterinary or other background (AGR, VET and MIX group). The total 

dataset of weighted risks underwent principal component analysis (PCA), which 

resulted in 18 dimensions explaining 80% of the data variance. These 18 dimensions 

underwent hierarchical clustering on principal components analysis (HCPC). This 

procedure grouped the experts based on the weightings attached to the risk factors 

by the experts, but independent from their educational background. Both PCA and 

HCPC were performed with the FactoMineR package in R 2.13.1® (R Foundation for 

Statistical Computing, Vienna, Austria). Finally, the risk factor weights were tested for 

differences between expert clusters using Kruskall–Wallis tests. This procedure was 

performed with SAS 9.3® (SAS Institute Inc., Cary, USA). 

3.2 Conduction and contents of the tail biting intervention tool 

The expert weightings were compared and merged with the respective weights of the 

HAT. The weightings were transferred into spreadsheets in Excel 2003® 

(Microsoft Corporation, Redmond, WA, USA) and Apache Open OfficeTM 3 

(Apache Software Foundation, DE, USA). The weighted risk factors were assigned to 

five risk categories: stress (N=4), health (N=8), enrichment (N=13), feed and water 

(N=15) and comfort (N=16). The tail biting intervention programme SchwIP was 

designed in such a way that the user can enter farm data into the spreadsheets 

(entry mask). On the user interface, the SchwIP file contained a short manual, an 

interview questionnaire, a barn assessment questionnaire and additional information 

on selected housing and management recommendations. SchwIP includes two input 

masks for data sampling: one for an interview with the farmer and one for data 

evaluated in the barns. Four sheets form the farm-specific risk report: 1) an individual 

listing (and graphical summary) of main risk factors on this particular farm, risks 

summarized with red and green bars, 2) all risks that are already compensated on 

this farm (‘keep it up’), plus explanation and background information for each factor, 

3) all tail biting risks on this farm (‘farm-specific risks’), plus explanation, background 

information and suggestions for improvement and 4) a detailed description of all 
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assessed pens. In a third input mask, aims and measures the farmer decided to 

implement on his farm could be filled in. 

Using macros, an instant farm-specific risk assessment report on tail biting risks is 

generated. While programming, additional information update was included, for 

example definitions of risk factors, guidance values for feed composition and water 

requirement of the pigs, reference values of climatic parameters or recommendations 

of space requirements. Several on-farm examinations were carried out in order to 

test and to adjust the SchwIP with the aim to achieve highest possible practicability of 

the tool (for details, see Paper III). 

3.3 Training of multiplicators 

SchwIP was applied on farms with tail biting problems in two ways. The author of this 

thesis, a veterinary scientist, evaluated 71 farms using the SchwIP, while a member 

of the SchwIP working group, an agriculturist, trained 115 farm advisers and 19 

veterinarians in the use of the tool in altogether 23 one-day workshops. These 

potential multiplicators volunteered after calls for participation in professional 

magazines or newsletters or at conferences and meetings. The multiplicators were 

accepted as participants if they agreed to apply the SchwIP on at least one 

conventional German fattening farm and to return the data to the working group. 

The workshops took part from June to September 2012. Each workshop started with 

an overview of the tool and the SchwIP project. An introduction to pig behaviour and 

causes for tail biting was presented. Thereafter, the structure and the principle of the 

use of the SchwIP was explained. The participants learned how the SchwIP is to be 

applied on the farms and how the risk assessment report is generated. The 

participants exercised the barn assessment on a test farm, where the trainer 

demonstrated the use of the SchwIP. Then, each participant carried out the barn 

assessment by himself with the help of the trainer. After having finished the test 

application on the farm, the participants of the workshop created the farm-specific 

risk assessment report together. Two months after the workshops was the latest date 

for data feedback, and 84 out of the initially 134 participants applied the SchwIP on 
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farms which they regularly advised. The data were then returned to the SchwIP 

working group for analysis. 

3.4 Data collection on farms by application of the tool 

3.4.1 Recruitment of farms and on-farm data evaluation 

As described, the multiplicators applied the tool on the farms they regularly attended. 

Thus, these farmers were directly recruited as participants by the advisers and 

veterinarians. As for the farm visited by the author of this thesis and member of the 

SchwIP working group, the farmers were recruited with the help of calls for 

participation in agricultural magazines, at farmer-events or by personal requests. 

Conventional fattening farms and farrow-to-finisher farms with problematic tail biting 

and ≥400 fattening places were accepted.  

A total of 213 farms were visited in 2012, 71 of which by the member of the SchwIP 

working group. One farm housed pigs with intact tails exclusively. Ten farms tested 

the housing of pigs with un-docked tails and thus kept different amounts of pigs with 

long tails. All assessors evaluated a total of 1022 pens. Note that the question as to 

whether or not the tails were docked was answered on a pen level. Thus, the exact 

number of pigs with formerly intact tails could not be recorded: if all tails in a pen 

were bitten, the original condition of the tail was unknown. 

At the end of each farm visit, the risks found on the farms were presented to the 

farmer, using the risk assessment report generated by the SchwIP. Based on this 

report, the farmer decided on risk-reducing measures and documented them (for 

details of the farm evaluations, see Paper III). The farm evaluations were repeated 

after approx. 12 months and the success of the measures was evaluated. 188 out of 

213 farms could be evaluated a second time, 68 of which by the author of this thesis. 
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3.4.2 Comparison between subjective assessments and instrumental 

measurements of climatic parameters 

Out of the 71 farms evaluated by the author of this thesis (hereafter referred to as 

‘assessor’) in 2012, 68 were re-evaluated in 2013. Climatic parameters were 

recorded in each pen. The assessor was accompanied by a technical assistant. In 

each selected pen, the assessor carried out subjective assessments of ammonia 

(NH3), relative air humidity (RH), air velocity (AV), light intensity (LI) and air 

temperature (T). The same parameters in the same pens were measured 

instrumentally by the technical assistant. Both persons were spatially separated 

during data collection to avoid influencing each other’s assessments. For details on 

data collection, see Paper II. 

3.5 Analysis of on-farm data 

Nine out of 1022 pens were excluded from analysis in 2012 for the following reason: 

pens with less than 5 pigs were excluded from analysis, since, for example, a pen 

that originally intended to include 12 pigs, but included only 4 pigs (e.g. because of 

having taken the heavier pigs out for slaughtering), could not be considered as 

representative.  

First, percentages of risks found on the farms were calculated. A risk was regarded 

as present if it was fulfilled in ≥1pen per farm. The sum of risks per farm was related 

to the number of possible risks and the weight of each risk was included. This was 

calculated for both the total risk score as well as for the five independent risk 

categories (category risk scores) comfort, enrichment, feed and water, health and 

stress. 

Second, the occurrence of tail and ear lesions (included as binary variable per pen) 

was compared to the total pen risk score found for each pen. Thereby, data 

underwent logistic regression, using PROC GLIMMIX procedure in SAS 9.3® (SAS 

Institute Inc., Cary, USA). 
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Third, the relationship between the independent category risk scores and the 

prevalence of tail and ear lesions was examined. Logistic regression was applied 

using PROC GLIMMIX procedure in SAS 9.3® (SAS Institute Inc., Cary, USA) and a 

backward elimination procedure was performed, where the least significant variable 

is eliminated until the remaining variables have a p<0.05. For details, see Paper III. 

The subjective assessments and instrumental measurements of climate data were 

analysed separately. Assessor differentiation between pens subjectively classified as 

in or out of recommended range was tested using Wilcoxon rank-sum test for each 

parameter with the help of SAS 9.3® (SAS Institute Inc., Cary, USA), where data 

underwent PROC NPAR1WAY procedure. For parameters with three levels 

(too high/ok/too low) a significant global Kruskall–Wallis test was followed by 

Wilcoxon rank-sum tests comparing ‘too high’ and ‘too low’ with the reference range. 

The overall agreement between instrumental measurement and the subjective 

assessment was calculated. In order to examine the effectiveness of the assessor to 

identify pens with suboptimal air quality by subjective assessment, the sensitivity was 

calculated. The effectiveness to identify pens with parameters within the 

pre-specified thresholds was examined by calculating the specificity. Thereafter, 

logistic regression (one for each climatic parameter) was carried out in order to 

examine if the proportion of agreements between assessor and instrument changed 

over the time period of all farm visits. Thus, data were analysed using 

PROC GLIMMIX procedure in SAS 9.3® (SAS Institute Inc., Cary, USA) after having 

ranked all farms according to the date of the visit. For details of these procedures, 

see Paper II.  
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Abstract 

Tail biting is a behavioural disorder which leads to major welfare and economic 

problems in pig production and is influenced by a large number of factors. In this 

survey, more than 58 German pig experts weighted a total of 86 risk factors for tail 

biting in conventional German fattening pigs, using an online questionnaire. Experts 

had a veterinary, agricultural, biological or economic education, and worked in a 

variety of professions. Risk factors were ranked according to their median weights, 

and experts were clustered based on the weightings they applied, in order to 

examine possible differences due to educational background. Experts assessed risk 

factors for tail biting in conventional German fattening pig housing to be comparable 

to risk factors for tail biting elsewhere. Highest weights were given to lack of space 

for lying recumbent, presence of ear biting, draughts in lying area, history of tail biting 

in group, docking tails <½ natural length, high ammonia and/or dust concentration in 

air, <3% fibre in feed, feed contains spoiled/foul components, absence of enrichment 

material, withdrawal of enrichment material and observation of flank/belly nosing or 

sucking. Experts were assigned to three clusters which significantly differed in their 

assessment of 33 factors, especially those related to enrichment. Educational 

background did not seem to impact factor assessment, yet current profession tended 

to do so. Expert survey design should therefore be balanced regarding current expert 

profession. The expert survey presented serves as basis for the German tail biting 

management tool SchwIP. 

Keywords: Pig, Tail biting, Risk factors, Expert opinion 
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Introduction 

Tail biting is a widespread welfare and economic problem in intensive pig production 

which causes suffering in bitten animals (Smulders et al., 2008) and indicates 

reduced welfare of biters (Taylor et al., 2010). In addition to the pain involved, tail 

biting can lead to severe injuries with partial or complete loss of tail, necrosis, 

ascending bacterial infection or pyaemia, and thus ultimately cause the death of 

affected pigs (Schrøder-Petersen and Simonsen, 2001). Tail biting is a behavioural 

disorder caused by the inability of a pig to cope with its environment (EFSA, 2007). 

The prevalence of tail biting injuries varies greatly between and within European 

farms. Prevalences of injuries on carcasses in slaughterhouses range from 0.7% 

(Huey, 1996) (pigs with docked tails) to 34.6% (Valros et al., 2004) (pigs with 

un-docked tails), while on-farm on average 1.2% (Busch et al., 2004) to 8% 

(EFSA, 2007) of animals can be affected, with up to 17.8% on single farms 

(Goossens et al., 2008).  

The high variation in tail biting prevalences can be explained by its multifactorial 

causation. Risk factors for tail biting range from genetics, gender and health status 

over flooring type to stocking density, feed management, climatic conditions and 

enrichment (review in EFSA, 2007). As a result, each farm has its specific problem 

areas, which in turn necessitates farm-specific interventions for successful tail biting 

prevention (Taylor et al., 2012). Moreover, as risk factors can differ with regard to 

their potential strength of influence on tail biting, weighting of risk factors can help 

farmers, advisers and veterinarians in deciding where to start with interventions. 

Such expert weights of risk factors have been included as a knowledge data base in 

a tail biting husbandry advisory tool which recently has been developed in the UK 

(HAT; Taylor et al., 2012).  

Data presented in this paper are part of a project with the ultimate aim of importing 

and validating the HAT for conventional German fattening pigs. However, because 

there are essential differences between production systems in UK and Germany, a 

number of risk factors can not directly be transferred and some additional factors 
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have to be included. Many farms in UK keep fattening pigs in naturally ventilated 

straw systems (Hunter et al., 2001), whereas the majority of pigs in Germany are 

kept on slatted floors without straw bedding (Hendriks et al., 1998) and with forced 

ventilation. Between such different housing systems the impact of single factors can 

differ. For example, straw systems allow a broader range of behavioural 

thermoregulation (Fraser et al., 1991), enabling pigs to tolerate a wider range of 

temperatures on straw than on slatted flooring.  

When experts are asked to assess welfare aspects, their judgement can diverge 

considerably since their opinion can be a result of intuitive and instantaneous 

assessment (Bracke et al., 2007). With respect to risk factors for tail biting, it has 

been reported by farmers that consultants often differ in their recommendations 

depending on their educational background (e.g. veterinarians focussing on health 

related factors and agricultural advisers focussing on feeding).  

While Taylor et al. (2012) collected expert opinion at group level in a discussion at a 

workshop, we asked single experts for their independent opinion on tail biting risk 

factors in an online questionnaire. This approach allowed the additional investigation 

of possible educational bias. Thus, this paper presents detailed expert opinion on risk 

factors for tail biting in German fattening pigs, while at the same time examining 

possible expert bias due to educational background.
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Materials and Methods 

Recruitment of experts 

German pig experts of various educational backgrounds were recruited via 

networking. In total, 107 experts were invited for participation in the survey by phone 

and supplied with details on the project and the link to the online survey via e-mail. 

During the phone call, the educational background and current profession were 

asked and recorded. Experts who had not completed the questionnaire four weeks 

before deadline were reminded via email. The survey was open from 23th November 

2011 till 18th January 2012. 

Questionnaire design and conduction of survey 

The questionnaire was designed according to guidelines for web-based surveys 

(Dillman and Smyth, 2007) and conducted on a commercial survey platform 

(www.Q-Set.de). It was tested internally before experts were invited. The survey 

language was German. 

As the questionnaire included various animal-based parameters 

(e.g. behaviour, lesions) the term “factor” as used in this paper includes external 

factors which can contribute to the occurrence of tail biting (e.g. lack of space), as 

well as animal-based indicators which integrate external influences 

(e.g. huddling due to low temperatures). Regarding enrichment we distinguished 

between enrichment material (fibrous or loose substances, e.g. straw) and 

enrichment objects (solid items, e.g. plastic objects on a chain). 

The list of factors to be evaluated contained all HAT risk factors translated into 

German (Taylor et al., 2012) plus the following additional factors which we 

considered to be relevant in German fattening pig production according to scientific 

literature and informal expert consultations: application of all-in-all-out system, 

flooring type, noise level, illumination level, some additional feeding parameters, 
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familiarity of pigs with feeding and watering system, size variation at weaning, 

presence of skin lesions, and positive social interactions (except playing). Factors to 

be weighted were grouped into five areas of influence: behaviour (N=11 factors), 

clinical problems (N=9), enrichment (N=16), feed and water supply (N=20), housing 

and management (N=30) (Table 1).   

Each factor was phrased as a statement which could be used in an on-farm 

questionnaire (e.g. “pigs were transported >1x to reach current destination”). 

Additionally, suggestions for improvement were given which were to appear in the 

farm report as a help for the farmers (e.g. “reduce number of transport events as 

much as possible in order to reduce stress for the pigs”).  

The questionnaire contained 86 factors to be weighted and 10 factors which were 

only to be classified as relevant or not. In order to make questions more clear, some 

factors were phrased as tail biting promoting (e.g. “indications of diarrhoea”) whereas 

others were phrased as reducing tail biting (e.g. “relaxed lying behaviour observed”). 

Experts could weigh the impact of a factor on a scale from -90 to +90 in units of 10 

(0=no impact, +90=strongly increases risk for tail biting, -90=strongly decreases risk 

for tail biting). The weighting scale was colour-coded in red (weights >0) and green 

(weights <0). Each factor had a “no answer” option and a text field for commenting on 

the suggestions for improvements. 

Statistical analysis 

In order to examine possible weighting bias due to educational background 

(vocational training or graduate degree), experts were classified into having an 

education in agriculture or agricultural science (AGR), veterinary science (VET) or a 

combination of any educational area with agriculture (MIX) (see Table 2 for number 

of experts per category). AGR experts worked as pig farmers or farm advisers, in 

agricultural organisations or as animal scientists. VET experts worked as practical 

veterinarians, in official functions such as food and veterinary offices or as veterinary 

scientists. Experts in the MIX educational background category worked as scientists, 

advisers or in non-governmental organisations.  



 
Paper  I 

 
45 

 

 
 

 

The survey was closed with 58 completed questionnaires. Three questionnaires had 

been answered by groups of 2, 5 and 7 experts (2 VET groups, 1 AGR group), 

respectively, which were treated like the answers of a single expert. The 10 

relevant-or-not factors were excluded from further analysis. Thus, the description of 

expert opinion regarding factor weights is based on 58 questionnaires with 86 factors 

(questions) each.  

Data were inspected for inconsistencies by comparing weight distributions and 

weights with the respective comments. The interquartile ranges (IQR) of weights 

were used for describing expert consensus.  

The dataset of weighted risk factors first was subjected to a principal component 

analysis (PCA), which resulted in 18 dimensions explaining 80% of variance in the 

data. Secondly, these 18 dimensions were subjected to a hierarchical clustering on 

principal components analysis (HCPC) in order to group the experts based on their 

factor scores for the 18 dimensions but independent from their educational 

background. PCA and HCPC were performed with the FactoMineR package 

(Husson et al., 2008) in R 2.13.1. (R Development Core Team, 2010).  

As a final step, the weights given to each of the original 86 risk factors were tested 

for differences between expert clusters using Kruskall–Wallis tests 

(SAS 9.2; SAS Institute Inc. 2008). 
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Results 

In the original questionnaire, we chose a scale with positive and negative weights to 

make questions more clear, however, some experts seemed to have “clicked the 

wrong side”, i.e. assigned a weight with a wrong sign. As there was no basis on 

which to exclude weights with apparently the wrong sign, we also ran the analysis 

with absolute weights only. As results were virtually identical, we decided to present 

unmodified data despite some possibly erratic weights. 

The survey response rate was 54% (107 persons contacted, 58 questionnaires 

returned). The majority of participating experts (75%) completed the questionnaire 

within 2.0 hours.  

Out of the 10 factors to be classified as being relevant for tail biting or not, the 

following factors were considered to be relevant by the majority (56% to 98%) of 

experts (N=43 to 54 experts answering per factor, except magnesium content: 

N=35): presence of nervous animals, tail-in-mouth behaviour, animals drawing tail 

under body, season, ear-in-mouth behaviour, magnesium content of feed, and back 

fat in general. Experts were indifferent on effects of single-sex groups. The factors 

replacing straw by other rootable material and observation of mounting behaviour 

were considered to be not relevant by 65% and 78% of experts, respectively. 

Risk factor assessment 

Median weights (MW) of single factors ranged from -50 to 70 with an overall median 

of 30. The following 11 factors were judged as being very important 

(absolute MW ≥50) with respect to tail biting (Table 1): lack of space for lying 

recumbent, ear biting, draughts in lying area, pigs had to be removed from current 

batch due to severe wounds on tail or other body parts, high ammonia and/or dust 

concentration in air, <3% fibre in feed, feed contains spoiled/foul components, no 

enrichment material in pen, withdrawal of enrichment material, observation of 

flank/belly nosing or sucking; and tails docked with remaining tail shorter than ½ of 
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original length. Lack of space for lying recumbent and ear biting were considered to 

have the strongest impact on tail biting (MW=70, IQR=30). In the area of clinical 

problems, none of the factors was weighted >45. 

IQR for most factors varied between 30 and 40, with a range from 0 to 90. Expert 

weights were most similar (IQR≤20) for automation of feed supply, pigs have been 

transported once to reach current destination, fouled drinkers, enrichment objects are 

changed <1x/week, and positive social interactions observed (Table 1). Weightings 

varied most (IQR≥60) for tails docked with remaining tail shorter than ½ of original 

length, pigs have had access to enrichment material but now have enrichment 

objects only, and prolonged fighting. 

Expert clusters 

Cluster analysis resulted in 3 clusters of experts, which included 34%, 57% and 9% 

of experts, respectively (Table 2). While 13 out of the 15 AGR experts in cluster A 

were farmers or farm advisers (i.e. were on farm on a daily basis), this was the case 

for only 7 of the 14 AGR experts in cluster B. The remaining A experts worked as 

applied agriculture teachers or in a ministry, while the remaining B experts worked in 

a ministry (7), in an animal disease foundation or as scientists. Most VET experts 

were assigned to cluster B (14 of 20). While 10 out of 14 VET in B worked as 

practical veterinarians (the remaining 4 working for German food and veterinary 

offices or as scientists), all 4 VET experts in cluster A worked as practical 

veterinarians. The majority of MIX experts were assigned to Cluster B. Most MIX 

experts worked as scientists without regular contact to farms. Thus, 85% (17 of 20) 

experts assigned to cluster A regularly were working on or had direct contact to farms 

and most of them were AGR. From experts assigned to cluster B, 52% (17 of 33) 

regularly had contact to farms, and experts belonged to all three educational 

backgrounds. Cluster C was the smallest cluster with 5 experts from all educational 

groups, none of which worked on farms on a regular basis. 

Weightings of factors differed significantly between clusters for 33 of the 86 factors 

(Kruskall–Wallis p<0.05; Table 3). Clusters differed in 27% of housing and 
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management factors, 35% of feed and water supply factors, 81% of enrichment 

factors, and 56% of clinical problem factors, but in none of the behaviour factors. As 

cluster C contained 5 experts only, we refrained from pairwise comparisons between 

clusters. 

Even though experts of all clusters used the entire weighting range, MW given by 

experts of cluster A were generally lowest, while experts of cluster C most often had 

the highest MW (Table 3). Correspondingly, 20, 2 and none of the 33 factors were 

assigned an MW of 0 by A, B and C experts, respectively. 

Cluster MW differed most (≥50) between clusters A and B for high ammonia and/or 

dust concentration in air, pigs have had access to enrichment material but do not 

have any now, and presence of runts in pen. Both A and B MW were 0 (no effect on 

tail biting) for enrichment objects cannot be accessed simultaneously by all pigs, and 

no enrichment material for sows in farrowing pen. 
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Discussion 

This paper presents one of the most comprehensive expert surveys on risk factors 

for tail biting in fattening pigs. It is based on the opinion of more than 58 experts with 

veterinarian, agricultural, biological or economic education, and working in a variety 

of professions with relation to pig farming. Experts weighted 86 risk factors related to 

pigs’ behaviour, clinical problems, enrichment, feed and water supply, and housing 

and management with respect to their importance for tail biting. Experts agreed on 

11 high impact risk factors (absolute MW ≥50), yet for many factors there was high 

variation in expert weightings. Variation in weightings related to present expert 

profession rather than original expert education. 

Although the questionnaire with its 96 questions and additional recommendations to 

comment on was rather long, the response rate of 54% is within the range of other 

welfare expert surveys via (e)mail (Whay et al., 2003; Jensen et al., 2012). 

Willingness to participate was possibly increased by tail biting being a strongly 

discussed topic in Germany at the time, as well as by inviting participants by phone 

(Whay et al., 2003). Moreover, internet questionnaires do not only save digitalisation 

work and eliminate transcription errors but also simplify participation in comparison to 

postal surveys or surveys by phone (Schonlau et al., 2002). Some areas had higher 

proportions of missing answers, especially nutrition. This can be explained by the 

broad spectrum of experts, who as individuals usually focussed on specific risk 

areas. Taken together, experts covered all tail biting risk areas satisfactorily. 

Risk factor assessment 

Space for lying recumbent was judged to be the most important risk factor for tail 

biting by the experts (MW 70). Even though lying space is virtually identical with 

general space allowance in fully slatted systems (i.e. the standard system for 

conventional fatting pigs in Germany), space allowance only received a MW of 35. 

This discrepancy might have arisen from an association of lying space with resting 

quality, while general space allowance was not attributed any additional benefits by 
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the experts. Other studies usually did not distinguish between space for lying and 

general space allowance (Schrøder-Petersen and Simonsen, 2001; EFSA, 2007). 

While space allowance received only medium importance in the meta-analysis of 

Bracke et al., (2004), the most current large-scale risk analysis shows it to be among 

the most influential risk factors for tail biting (EFSA, 2014).  

Presence of ear biting also received a MW of 70. The correlation between ear and 

tail biting (Beattie et al., 2005; Brunberg et al., 2011) arises from a combination of 

one increasing the risk for the other, as well as overlapping risk factors 

(Taylor et al., 2010). Thus, presence of ear biting is at the same time a risk factor and 

an outcome parameter, which nevertheless is useful for identifying high-risk pens on 

the farm, especially when tails are docked short (Goossens et al., 2008). 

History of tail biting in a group (bitten pigs had to be removed; MW 60) has been 

suggested by EFSA (2014) to be included in future tail biting risk factor studies due to 

missing information. Farmers report an increased risk for reappearance of tail biting 

in groups with a history, probably due to reopening of unhealed wounds and reduced 

resilience of the pigs.  

Experts assigned a relatively high MW of 60 to draughts (high air speed) in the lying 

area, thus ranking it higher than EFSA (2007). Even though most publications only 

found non-significant indications of draughts promoting tail biting 

(e.g. Sällvik and Walberg, 1984), there is a clear influence on animal activity, most 

importantly on exploration and manipulation (Scheepens et al., 1991). As air speed 

interacts with temperature and size of the animals, integrative animal-based 

parameters like lying behaviour (MW 40) will be useful for on-farm application.  

Ammonia and/or dust concentration in the air was also was ranked higher by experts 

in our survey (MW 50) than by EFSA (2007). While ammonia is aversive for pigs 

(Smith et al., 1996), evidence for its contribution to tail biting has been weak 

(EFSA, 2007). However, recent findings suggest that inflammation of the respiratory 

tract caused by ammonia (Von Borell et al., 2007) could make animals more 
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susceptible to disease (Murphy et al., 2012), which in turn increases risk for tail biting 

(Taylor et al., 2010). 

Docking tails to shorter than half their natural length was among the top 11 factors for 

reducing the risk of tail biting (MW -50), though docking tails to longer than half 

natural length was ranked rather low but with an increased risk of tail biting (MW 10) 

(non-docking of tails was not included in this survey as this is rarely practiced on 

commercial units). This is a generally lower estimate than in the tail biting risk model 

by Bracke et al. (2004), where docking irrespective of length received the highest 

weight. Tail docking has been shown to reduce tail lesions 

(Schrøder-Petersen and Simonsen, 2001), and shorter docking tends to have a 

stronger effect (Hunter et al., 2001).  

Nevertheless, estimating the impact of docking as a risk factor is complicated due to 

methodological differences between studies and its more common use in high risk 

systems (EFSA, 2007; Sutherland and Tucker, 2011).  

Experts in our survey weighted spoiling and fibre content highest among the feed 

factors to be assessed (MW 50). While fibre satiates pigs and thus reduces need for 

oral investigation and manipulation (Brouns et al., 1994), spoiled feed can be nutrient 

deficient or contain toxins which can affect animal health (Bryden, 2012). Other tail 

biting publications usually point out sodium and protein content of feed as tail biting 

risk factors rather than toxins or fibre content. However, there does not seem to be a 

simple answer as to which feed characteristics play the most important role 

(Schrøder-Petersen and Simonsen, 2001; Bracke et al., 2004; EFSA, 2007).  

Experts ranked enrichment material and its withdrawal among the top 11 factors 

(MW 50) but not among the top 4. This contrasts with other publications, which list 

enrichment material among the top 3 factors (Bracke et al., 2004;  

EFSA, 2007, 2014). The difference might be linked to the current profession of the 

experts (see below). 

Observation of flank or belly nosing or sucking was regarded as a useful behavioural 

indicator with regard to tail biting (MW 50), which agrees with the correlation between 
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the two behaviours found by (Brunberg et al., 2011). Even though belly/flank 

manipulation is an appetitive behaviour associated with weaning (EFSA, 2007), it 

probably indicates unfulfilled needs in the pigs which also increase tail biting risk.  

Single expert weightings varied considerably for some factors, even some of the top 

11 factors (e.g. ammonia: MW 50, IQR 50). This might in some cases have been 

caused by the inclusion of 0 in the weighting scale. Most of the variation was based 

on different individual assessment of factors and could thus be separated out in the 

cluster analysis. 

Comparison with Bristol tail biting HAT 

While UK experts from Taylor et al., (2012) as well as German experts from our 

survey assigned high weights to tail biting history, ear biting, withdrawal of 

enrichment material and absence of enrichment material, respiratory diseases and 

most enrichment factors were ranked higher by the UK experts. The different 

assessment of enrichment material might be because UK experts have more 

experience with straw and its effect on tail biting, due to the higher prevalence of 

straw in UK pig housing systems (Hendriks et al., 1998; Hunter et al., 2001). 

Expert clusters 

Experts were assigned to three clusters based on their tail biting risk factor weights. 

Educational background of experts seemingly did not impact cluster formation, 

because even though most VET and MIX experts were assigned to one cluster, 

AGR experts were assigned equally to clusters A and B. What did seem to have an 

influence, though, was current expert profession. Most A experts spent time on farms 

on a daily basis (farmer, adviser, practical veterinarian), while this was true only for a 

proportion of B and none of the C experts. 

Experts from different clusters differed significantly in their weighting of 33 out of the 

86 risk factors assessed. In general, A experts assigned considerably lower weights 

than B experts, who weighted lower than C experts. Regarding area of influence, 
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clusters were more or less similar except for enrichment, which A experts ranked 

lower than B or C experts. This might be related to the current profession of experts. 

In Germany, tail docked conventional pigs have been kept in straw-free systems for 

many years now, which is why it is general opinion among people involved in 

practical pig farming that enrichment material is not more important to pigs than 

enrichment objects. Furthermore, as even small amounts of straw can cause slurry 

system obstruction in the common straw-free system, assigning high weights to 

enrichment material might result in a conflict of interest.  

The top 5 factors within cluster were identical for clusters A and B except for wet 

lying area and withdrawal of enrichment material. Cluster C (5 experts only) had 

6 top factors, three of which were identical with cluster B. Clusters did not differ 

significantly in their assessment of behaviour factors. Thus, besides the different use 

of weight range, clusters were mostly characterised through their assessment of 

enrichment. 

Single factors vs. multifactorial problem 

Rankings of a broad range of tail biting factors have formerly been done via on-farm 

surveys (Moinard et al., 2003; Smulders et al., 2008), meta-analyses 

(Bracke et al., 2004) or formalised risk assessment (EFSA, 2007). While 

Taylor et al. (2012) pioneered in asking a group of experts to weight single tail biting 

risk factors, the present study was the first to collect individual expert weights of risk 

factors. 

Multifactorial problems such as tail biting are difficult to investigate, because data on 

many factors and factor combinations have to be collected. This is why all the 

approaches above are needed. Theoretical assessment of single risk factors is a 

useful first step, the results of which can be used for design of on-farm 

questionnaires or farm advisory services, as in the current study. The second step 

has to be a validation through analyses of data collected on farms, in order to 

estimate the real causal relationships.
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Conclusions 

Expert opinion surveys are a useful first step when making management tools for 

reducing risks for tail biting on farms. Expert survey design should consider possible 

bias of expert opinion through their current profession. Differences between expert 

clusters also highlight areas where different approaches may be needed for 

successful knowledge transfer from one cluster to another. 

German experts assessed risk factors for tail biting in conventional German fattening 

pig housing to be comparable to risk factors for tail biting elsewhere. Further 

research on farm is needed to validate the assessments in the multifactorial on-farm 

situation. 
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Tables 

Table 1: List of 86 risk factors ranked by median weight (MW) assigned by N experts 

(total=58). A weight of +90 indicates strong promotion of tail biting, -90 indicates 

strong reduction of tail biting risk, and 0 indicates no impact on tail biting. 

area factor MW IQRa 
min, 

maxb 
N 

ho
us

in
g 

an
d 

m
an

ag
em

en
t 

not enough space for all animals to lie recumbent 

(even if close packed) 
70 30 -40, 90 57 

draughts in lying area 60 40 -90, 90 55 

pigs had to be removed from current batch due to 

severe wounds on tail or other body parts (tail 

biting already having occurred in batch) 

60 45 -60, 90 56 

tails are docked, remaining tail shorter than 1/2 

natural length 
-50 40 -90, 60 58 

high ammonia and/or dust concentration in air 

(irritating to human eyes and lungs) 
50 50 -30, 90 57 

access to an outdoor run -40 40 -90, 0 55 

pigs are regrouped >1x on this farm (after weaning 

and before leaving finisher pens) 
40 30 -40, 90 57 

temperature in lying area outside recommended 

range for respective size/weight 
40 30 -80, 80 56 

lying area permanently wet or damp 40 30 0, 90 55 

<0.8 m² per animal (between 50-110 kg) 35 40 -50, 90 56 

pigs are regrouped during transportation 30 35 -50, 90 56 

pigs are transferred to new pen >2x on this farm 

(after weaning and before leaving finisher pens) 
30 50 -40, 90 54 



 
Paper  I 

 
60 

 

 
 
 

narrow pen (long side >2.5 x short side) 30 40 -50, 90 52 
ho

us
in

g 
an

d 
m

an
ag

em
en

t  

permanently high noise levels due to barn 

equipment 
30 30 0, 90 55 

pigs have to cross lying area when moving 

between dunging, feeding and drinking area 
30 30 0, 90 56 

relative humidity too high (>60%)  

or too low (<50%) 
30 40 -40, 70 55 

farm applies all-in-all-out system -20 40 -90, 60 56 

barn climate is uniform -20 40 -90, 50 44 

vaccination programme does not include (all) 

diseases relevant on this farm 
20 40 -60, 80 53 

animals did not receive iron supplementation  

as piglets 
20 40 -30, 60 48 

pigs were transported >1x to reach current 

destination 
20 40 -90, 70 52 

pigs kept on partly slatted flooring 20 30 -40, 80 55 

no cooling system in pen (e.g. sprinkler) 20 30 -50, 70 55 

lying area not clearly distinguished from the rest of 

the pen floor 
20 30 -20, 80 53 

lying and dunging area are not obviously separated 20 40 0, 90 53 

tails are docked, remaining tail longer than  

1/2 natural length 
10 90 -90, 90 58 

pigs have been transported once to reach current 

destination 
0 20 -50, 40 53 

pigs kept on fully slatted flooring 0 50 -90, 90 55 
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pigs kept on solid flooring 0 30 -80, 80 47 

lighting is <80 lux for less than 8 h/d 0 30 -90, 40 52 

fe
ed

 a
nd

 w
at

er
 s

up
pl

y 

feed contains spoiled/foul components 50 30 -10, 90 53 

<3% fibre in feed 50 40 0, 90 51 

feed dispensing system considered to be less 

reliable than would be preferred 
40 40 -10, 90 55 

>5 pigs per feeder space if rectangular,  

or >4 pigs per space if round 
40 40 0, 90 46 

drinker flow rate <1L/min 35 30 20,80 54 

feeder spaces obstructed (even partially)  

by corners, obstacles or other pigs 
30 30 0, 90 53 

<0.17% sodium in feed (=<0.47% NaCl) 30 30 -30, 90 45 

feed particle size <0.5 mm 30 50 0, 90 49 

feed appears of low quality (smell, consistency) 35 25 -20, 90 52 

<1 drinker per 12 pigs 30 30 0, 90 55 

fouled drinkers 30 20 0, 90 55 

lysine content out of recommended range 25 40 0, 90 42 

feeding system resembles feeding system in 

farrowing pen (pigs familiar with it) 
-20 30 -70, 0 53 

drinkers resemble those in farrowing pen  

(pigs familiar with it) 
-20 30 -70, 40 50 

lysine to tryptophan ratio not equal to 1:0.18 20 30 0, 80 35 

<2 or >4 meals per day 20 40 0, 90 44 
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pigs were crib fed as suckling piglets -10 35 -90, 60 48 

fully automated feed supply 0 0 -90, 70 49 

feed is pelleted 0 30 -50, 60 49 

uninhibited sideways movement along trough 0 30 -90, 70 50 

en
ric

hm
en

t 

no enrichment material such as straw, hay, grass 

in pen 
50 50 -40, 90 55 

pigs have had access to enrichment material but 

do not have any now (withdrawal of enrichment 

material) 

50 50 -10, 90 53 

enrichment material has suboptimal quality  

(dusty, mouldy etc.) 
40 30 -10, 80 53 

pigs have had access to enrichment material 

before but now have enrichment objects only 
30 60 -60, 90 52 

enrichment objects are neither manipulable nor 

destroyable 
30 50 -30, 90 53 

enrichment material is replenished <1x/day 20 40 -60, 80 52 

enrichment material not accessible for 24h 20 50 -90, 90 50 

enrichment material cannot be accessed 

simultaneously by all pigs 
20 40 -30, 70 50 

enrichment objects are fouled 20 50 -40, 90 54 

if straw or similar material provided: it is chopped 0 30 -50, 90 51 

no enrichment material for sows in farrowing pen 0 30 0, 90 47 

no enrichment material for piglets in farrowing pen 0 30 0, 90 49 

depth of litter <5 cm 0 30 -70, 40 40 



 
Paper  I 

 
63 

 

 
 

 

enrichment material does not contain edible 

component 
0 30 -30, 90 46 

enrichment objects are changed <1x/week 0 20 -90, 90 49 

enrichment objects cannot be accessed 

simultaneously by all pigs 
0 30 -50, 80 50 

cl
in

ic
al

 p
ro

bl
em

s 

indications of endo- or ectoparasites 45 40 0, 90 56 

runts in pen 40 40 0, 90 54 

indications of respiratory problems 40 30 0, 90 53 

presence of skin erosion due to infectious diseases 40 40 0, 90 54 

different tail lengths in pen (docked and un-docked, 

or variation in length >1/3) 
30 30 -20, 80 53 

piglets differ in size at weaning 30 40 -50, 90 52 

obvious size variation in pen 30 50 -20, 90 55 

indications of diarrhoea 30 40 0, 90 55 

be
ha

vi
ou

r 

indications of ear biting 70 30 0, 90 53 

flank/belly nosing or sucking is observed 50 30 -20, 90 53 

manipulation of enrichment material observed -40 40 -90, 20 49 

relaxed lying behaviour observed -40 40 -90, 0 52 

lying behaviour indicates too high or too low 

temperatures (lying in dunging area, huddling) 
40 30 0, 90 56 

prolonged fighting/aggression observed  

(>4s duration) 
40 60 -30, 90 53 

pigs observed queuing at feeder 40 30 -10, 90 55 
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be
ha

vi
ou

r 
aggression or fighting or active displacement at 

feeder observed 
40 30 0, 90 53 

playing observed -30 40 -90, 0 50 

brief fighting/aggression observed  

(≤4s duration) 
20 40 0, 70 52 

vocalisations indicating discomfort 20 40 0, 90 46 

positive social interactions observed  

(e.g. nibbling) 
0 20 -90, 70 46 

 

 

 

 

a interquartile range across N experts 

b smallest and largest single weight applied 
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Table 2: Number of experts per cluster and educational background. Mixed education 

included combinations of biology, veterinary science and economy with agriculture. 

Cluster A contained 1 questionnaire answered as group, Cluster B contained  

2 groups. 

Education Abbreviation A B C Total 

Agriculture / agronomy AGR 15 14 2 31 

Veterinarian VET 4 14 2 20 

Mixed MIX 1 5 1 7 

Total  20 33 5 58 

 

Table 3: Median weights per cluster (A, B, C) for 33 factors associated with increased 

risk of tail biting which had significantly different weightings by experts from different 

clusters (global Kruskall–Wallis p<0.05). 

Area Factor A B C 

ho
us

in
g 

an
d 

m
an

ag
em

en
t 

pigs are transferred to new pen more than twice on this farm 
(after weaning and before leaving finisher pens) 

0 35 60 

not enough space for all animals to lie recumbent  
(even if close packed) 

45 70 90 

narrow pen (long side >2.5 x short side) 0 30 90 

<0.8 m² per animal (between 50-110 kg) 20 50 90 

pigs kept on fully slatted flooring 0 20 80 

high ammonia and/or dust concentration in air  
(irritating to human eyes and lungs) 

25 70 80 

pigs have to cross lying area when moving between 
dunging, feeding and drinking area 

0 40 40 

. 
lying area permanently wet or damp 
 

30 50 50 
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ed

 a
nd

 w
at

er
 s

up
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feed appears of low quality (smell, consistency) 20 40 60 

feed contains spoiled/foul components 30 60 70 

drinker flow rate <1L/min 10 40 50 

<1 drinker per 12 pigs 0 40 50 

fouled drinkers 20 30 50 

more than 5 pigs per feeder space if rectangular,  
or more than 4 pigs per space if round 

0 40 70 

feeder spaces obstructed (even partially) 
 by corners, obstacles or other pigs 

20 40 60 

en
ric

hm
en

t 

no enrichment material such as straw, hay, grass in pen 25 60 90 

pigs have had access to enrichment material but do not 
have any now (withdrawal of enrichment material) 

20 70 90 

pigs have had access to enrichment material before but now 
to enrichment objects only 

0 40 80 

if straw or similar material provided: it is chopped 0 20 70 

enrichment material is replenished <1x/day 0 30 60 

enrichment material not accessible for 24h 0 20 90 

no enrichment material for sows in farrowing pen 0 0 70 

no enrichment material for piglets in farrowing pen 0 20 60 

enrichment material has suboptimal quality  
(dusty, mouldy etc.) 

20 50 50 

enrichment material cannot be accessed simultaneously  
by all pigs 

0 20 70 

enrichment objects are neither manipulable nor destroyable 0 40 80 

enrichment objects are fouled 0 35 70 

enrichment objects cannot be accessed simultaneously  
by all pigs 

0 0 70 
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al

 p
ro

bl
em

s 
runts in pen 0 50 70 

piglets differ in size at weaning 0 30 70 

obvious size variation in pen 0 30 80 

indications of diarrhoea 0 40 60 

presence of skin erosion due to infectious diseases 20 50 60 
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Abstract 

Maintaining optimal climatic conditions in livestock housing is crucial for ensuring the 

animals’ well-being and improving performance. However, most farmers, 

veterinarians or advisers do not possess necessary measurement instruments for all 

relevant climate parameters. Therefore, this publication examines the reliability of 

subjective assessment of barn climate. 

Ammonia (NH3), hydrogen sulphide (H2S), relative humidity (RH), air velocity (AV), 

light intensity (LI) and air temperature (T) were assessed subjectively by one 

observer as well as measured instrumentally by a second observer on 71 (year 1) 

and 68 (year 2) conventional German finisher pig farms (year 1: 511 pens in 

245 rooms, year 2: 489 pens in 225 rooms). Parameters were classified as being in 

or out of the range recommended for pig housing, and analysis included the 

subjective differentiation between parameter levels as well as agreement (Po), 

sensitivity (SE) and specificity (SP) of subjective assessment compared to 

measurements (all but CO2 and H2S). 

For all parameters, measurement values in pens subjectively classified as ‘too high’ 

or ‘too low’ were significantly higher or lower, respectively, than in pens classified as 

‘ok’ (all parameters p<0.001, N=848 to 983). Po of subjective assessment with 

instrumental measurements was best for AV (Po=85) and lowest for RH (Po=54 for 

‘too low’, Po=50 for ‘too high’), SE was best for NH3 (0.72) and lowest for RH ‘too 

high’ (0.44), and SP was best for AV (0.94) and lowest for RH ‘too low’ (0.59). A 

slight improvement of agreement between subjective assessments and instrumental 

measurements over the time period (all farm visits) was found for RH, AV and T and 

there was no decline of agreement for NH3 and LI.  

The results indicate that even though subjective assessment without training is not 

sufficiently valid to replace instrumental measurements, it allows identifying critical 

levels of NH3, RH, AV, LI or T. Further studies with more observers and observer 
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training are needed for determining the full potential of subjective assessment of 

climatic parameters.  

Keywords: subjective assessment, pig husbandry, agreement, sensitivity, specificity 
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Introduction 

The microclimatic conditions in pig houses play a major role in the welfare of the 

animals. In livestock production, an optimal environment contributes to animal 

welfare and animal health and thus to performance as well.  

The climate in the housing system influences animal health directly by impacting the 

respiratory system of pigs [1,2], as well as indirectly, since, for example, ammonia 

levels which exceed the recommended limits can increase the disease susceptibility 

of pigs [3] and may impacting the pigs’ comfort. The constantly flowing air in pig 

houses moves dust, infectious agents or humidity through the system [4-6]. 

The variability of outside parameters necessitates reliable ventilation systems of 

sufficient volume for the maintenance of good air quality and hygro-thermal 

parameters in the barn [7]. In addition to the ventilation system [8], animal stocking 

density, temperature [9] and especially manure storage and cleanliness of the pen 

floor [10] influence gas concentrations because of the constant emission of noxious 

gases (e.g. ammonia and hydrogen sulphide) during manure decomposition [11].  

Ammonia (NH3) concentrations above 35ppm can cause inflammation in the 

respiratory tract of pigs [2] which increases their susceptibility to other respiratory 

diseases [3]. While hydrogen sulphide (H2S) is toxic for swine [12], carbon dioxide 

(CO2) can impair the pigs’ lung function as well as their growth rate [13].  

In addition to its impact on the animals, poor air quality in the stable also affects the 

respiratory health of stock persons [14,15]. Especially H2S can make working in the 

barn hazardous due to its high toxicity [12,16]. Therefore, improving air quality in pig 

housing will not only improve the welfare of the animals, but also barn personnel 

health and comfort while working in the barn [17]. 

Unlike the chemical air quality parameters which are usually suboptimal above a 

certain level, physical climate parameters are usually suboptimal when either too low 

or too high in the barn. Low relative humidity (RH), for example, increases dust 
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pollution of the air through increased food dustiness [18]. This and might dry out the 

mucous membranes and presumably facilitates the development of pulmonary 

diseases due to irritation of the respiratory tract [13]. Dusty air combined with high 

levels of noxious gases can impair the feed intake and the growth rates of pigs [19] in 

addition to stressing the animals. High RH on the other hand affects heat dissipation 

in animals, especially at high air temperatures (T) [7], and is likely to promote 

pneumonia in pigs [7,18]. Likewise, air velocity (AV) impacts body temperature 

dissipation or maintenance [20], depending on the current air temperature. A high AV 

promotes gastrointestinal disorders even to levels of impaired performance [21], 

especially if the pigs are unable to avoid the draught, by a change of time of digesta 

passage if the animal is submitted to draught and presumably because of increased 

stress levels. The pigs’ tolerance of air velocity values is expected to correlate 

positively to the air temperature. A too low AV will allow noxious gases to 

accumulate. Thus, the temperature-only control systems found on the majority of pig 

farms [7] might not meet all needs in maintaining an optimal air quality. 

Pigs require a certain light intensity (LI) during daytime in order to maintain their 

circadian rhythm [22], but the exact LI the pigs require is not known. Pigs generally 

prefer light over darkness [23], but prefer dim light for resting and moderate light 

intensities for being active [24].  

The combined effects of suboptimal climate may cause discomfort and health 

problems in pigs and thus contribute to major welfare problems such as tail biting 

[25,26]. Successful reduction of tail biting risk on farms necessitates valid and 

feasible barn climate measurement. This usually involves expensive measurement 

instruments, yet most farm advisers or veterinarians only possess some specific 

instruments, if any. 

To our knowledge, there are no publications regarding the accuracy of subjective 

assessments of air quality in livestock housing. Therefore, the objective of this paper 

is to examine the agreement between subjective assessment and instrumental 

measurement of barn climate parameters in finisher pig housing.



 
Paper  II 

 
73 

 

 
 

 

Material and Methods 

Study characteristics 

A German tail biting intervention tool (SchwIP, abbreviated German wording for ‘tail 

biting intervention tool’) was applied on 71 conventional German finisher farms 

(mean 1,535 fattening places, range 400 to 11000) between June 7, 2012 and 

October 5, 2012, and it was re-applied on 68 of those farms between June 10, 2013 

and October 7, 2013. A total of 1000 pens (511 in 2012, 489 in 2013) were assessed. 

In 2012, 3 to 10 pens (median=8) in 1 to 6 rooms (median=4) were assessed per 

farm, and 3 to 10 pens (median=8) in 1 to 6 rooms (median=3) in 2013. Ninety 

percent of pens were equipped with fully slatted flooring, 8% with partly slatted 

flooring, and 2% with solid flooring. At the end of each visit, farmers received 

feedback and advice regarding risk factors for tail biting on their farms, including 

climate parameters [27, in preparation]. 

Instrumental measurements and subjective assessments 

One observer (hereafter referred to as ‘investigator’) carried out instrumental 

measurements of barn climate parameters, while a second observer (hereafter 

referred to as ‘assessor’) subjectively assessed the same climate parameters in the 

same pens. All pens contained pigs at the time of evaluation. Subjective assessment 

was not trained against instrumental measurements before the start of data 

collection. The investigator and assessor did not evaluate pens in the same room at 

the same time so that warning noises of the instruments could not influence 

subjective assessment (with the exception of one farm where all pigs were in one 

large room). In both years, some data are missing because of technical failure. 

The investigator carried out the instrumental measurements the following way: a 

continuous real-time infrared multigas detector (Honeywell Impact Pro, 

Honeywell Analytics AG, Munich, Germany) was used for the measurement of 

noxious gases. The sensor cartridge was calibrated in both years by the service 
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provider before the first farm visit. Prior to the first measurement on each farm, the 

sensor cartridge was adjusted to zero in fresh air. After 60s of sensor acclimatisation 

in each pen, NH3 (ppm), CO2 (Vol%) and H2S (ppm) were measured simultaneously 

during 60s. Gas concentrations were measured at three locations per pen: in the 

lying area, defecation area, and in one location closest to the air inlet (e.g. close to 

the feed alley if this was the supply channel). Measurements from all locations were 

summarised as mean pen values. RH, AV and T were measured in the lying area 

only, using a Testo 452 (Testo AG, Lenzkirch, Germany) with capacitive RH and T 

sensor (0 to 100% RH, -20° to +70°C, 21mm head) and a telescope hot wire 

anemometer with spherical head for low flow regions (0-10.00 m/s, 4mm head). The 

probe was left to settle for 30s before RH and T were measured during 30s. LI was 

measured in six directions (ceiling, floor and right, left, front and from behind the 

investigator) using a LMT precision calotte lux-meter (LMT Lichtmesstechnik GmbH, 

Berlin, Germany). It was ensured that no pigs were present between lux-meter and 

pen wall during measurement in order to avoid light reflection from pig skins. All 

measurements were carried out at the level of the pigs’ heads.  

The assessor carried out subjective assessments of the pen climate after an 8 min 

acclimatisation in the room. For the subjective assessments, the assessor squatted 

in the lying area of each pen for approximately 20s in order to be at the same height 

as the fattening pigs. For the assessment, inhalation of air as well as skin sensory 

perception on head, neck [according to 28] and arms was used. The assessor 

estimated if parameters were in or out of the range recommended for pig housing. 

CO2 itself is odourless. The presence of excessive CO2 content in air is perceived by 

humans only as ‘stuffy air’ [29] and thus very difficult to estimate. Since a distinction 

between ‘air stuffiness’ and other parameters was impossible during a test 

evaluation, results on CO2 assessment will not be presented here. The parameter 

thresholds are provided below. In order to estimate LI, the assessor evaluated the 

legibility of the largest letters or ciphers on clean ear tags of the commonly used type 

(Figure 1) at a distance of approximately 1m. The assessor had normal eye sight.
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Recommended levels 

Various recommendations exist for barn climate parameters. As data in this study 

were collected in the course of SchwIP assessment, the recommendations from this 

tool are used [27] together with other common recommendations for some 

parameters in order to make results more comparable. For NH3, a threshold of 

≤15ppm [30] was used. For CO2, a threshold of 0.3Vol% and for H2S a threshold of 

5ppm was set [31]. The RH reference range was ≥65% to ≤70% RH [32]. For AV, a 

threshold of ≤0.2m/s [20] was used. The LI threshold was ≥80lux [31]. T reference 

ranges were based [33] and thus were adjusted to the pigs’ weights: 

<40kg (≥20 to ≤24°C), 40 to 60 kg (≥18 to ≤22°C) and ≥60kg (≥16 to ≤20°C), but 

were modified by +2°C following expert consultation. 

Statistics 

Overall agreement between classifications based on measurements and 

classifications based on subjective assessment was calculated as number of 

identical classifications divided by number of total observations. Assessor 

differentiation between pens subjectively classified as in or out of recommended 

range was tested using Wilcoxon rank-sum test. For parameters with three levels 

(too high/ok/too low) a significant global Kruskall–Wallis test was followed by 

Wilcoxon rank-sum tests comparing ‘too high’ and ‘too low’ with the reference range 

(p-values corrected for two tests; PROC NPAR1WAY procedure). Furthermore, 

sensitivity and specificity of subjective assessment were calculated for each 

parameter (sensitivity [SE]=proportion of pens correctly identified as being out of 

recommended range [‘true positives’], specificity [SP]=proportion of pens correctly 

identified as being within recommended range [‘true negatives’], [34]). For 

parameters with three categories, agreement statistics were calculated separately for 

‘too high’ and ‘too low’, except for T where only 7 pens had been classified as 

‘too low’ based on measurements.  
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Possible changes of agreement between instrument and assessor over time were 

tested using mixed logistic regression with farm as random factor and visit number  

(1 to 139) as numerical independent factor (PROC GLIMMIX procedure): 

logit(pi)=µ + βXi + ufarm(i) 

where p=probability of agreement, µ=intercept, β=estimate for visit number,  
ufarm(i)=random farm effect. 

Odds ratios (OR) were calculated for visit 45 compared to visit 35. All analyses were 

carried out in SAS 9.3 [35] and significance level was set to p<0.05.
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Results 

Climate measurements 

While CO2 was within the recommended range in almost all pens assessed, most 

other parameters were measured to be out of recommended range in more than half 

of the pens except for AV (Table 1). T, RH and LI were out of recommended range in 

>80% of pens in both years. H2S could only be detected once (1.4ppm in one pen in 

2012) and is therefore not presented here. 

The number of pens with exceeding NH3 decreased in 2013. RH deviation from given 

reference ranges increased from 2012 to 2013. In 2012, more than 25% of pens 

were draughty (too high AV), but in 2013, AV was too high in only 13%. LI did not 

change considerably. In both years, LI was sufficient in 19%. In 2012, 18% of pens 

were within T reference ranges for the pigs of the respective weight classes, whereas 

in 2013 this was the case for only 6% of pens. 

Instrumental measurements and subjective assessments 

NH3 concentrations were significantly higher in pens subjectively assessed as 

‘too high’ compared to pens assessed as ‘ok’ (median 24.3 vs. 12.8ppm, p<0.001; 

Table 2). Subjective pen classification with the pre-defined NH3 threshold of 15ppm 

agreed in 72% of pens with classification based on measurements, with a sensitivity 

(SE) of 0.72 and specificity (SP) of 0.69 (Table 2). Sulphuric smell was not detected 

in any pen during both survey years and the instrumentally measured H2S value 

exceeded 0 in only one pen. 

RH values were significantly higher in pens subjectively assessed as ‘too high’ 

compared to pens assessed as ‘ok’ and significantly lower in pens subjectively 

assessed as ‘too low compared to pens assessed as ‘ok’ (median 65.8 vs.71.4 vs. 

78.3% RH, p<0.001). Subjective RH classification of all three classes were actually 
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assessed correctly in >50% of cases each, with a SE of 0.51/0.44 (‘loo low’/’too high’) 

and a SP of 0.59/0.78 (‘loo low’/’too high’) (Table 2). 

AV values were significantly higher in pens subjectively assessed as ‘too high’ 

compared to pens assessed as ‘ok’ (median 0.23 vs 0.16m/s, p<0.001). Subjective 

pen classification with the predefined AV threshold of 0.2 m/s agreed in 47% of pens 

with classification based on measurements, with a sensitivity (SE) of 0.47 and 

specificity (SP) of 0.94 (Table 2). 

LI values were significantly higher in pens subjectively assessed as ‘too low’ 

compared to pens assessed as ‘ok’ (median 5.54 vs 57.0 lux, p<0.001). Subjective 

pen classification with the predefined LI threshold of 80 lux agreed in 37% of pens 

with classification based on measurements, with a sensitivity (SE) of 0.66 and 

specificity (SP) of 0.92 (Table 2). 

T values were significantly higher in pens subjectively assessed as ‘too high’ 

compared to pens assessed as ‘ok’ (median 25.8 vs 23.0 °C, p<0.001). Subjective 

pen classification with the predefined LI threshold of 80lux agreed in 70% of pens 

with classification based on measurements, with a sensitivity (SE) of 0.63 and 

specificity (SP) of 0.74 for pens with too high temperature (Table 2). 

Changes of agreement over time 

Changes of agreement between instrumental measurement and the assessor’s 

subjective assessment over the total time period of all farm visits were tested. An 

‘agreement’ was present if the subjective assessment and the instrumental 

measurement coincided in classification (value either being in or out of the 

recommended range). 

In 2012 a mean of 70% agreement (SD=24) between subjective assessment and 

instrumental measurement was found for NH3. In 2013 a mean of 74% agreement 

(SD= 24) for NH3 was found. No significant change was found in agreement over the 

time period. Thus, there was no significant improvement (or worsening) of subjective 

assessments over the time period (Figure 2). 
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For RH, in 2012 a mean of 33% agreement (SD=28), in 2013 a mean of 53% 

agreement (SD=38) between subjective assessment and instrumental measurement 

was found. There was an increase (p<0.0001) in agreement over the time period 

(Figure 3). The OR for the agreement was 1.141(95%CI=1.093 to 1.191) over 10 

ranks. Thus, a significant improvement of subjective assessment 

(more ‘true positives’ and ‘true negatives’) of RH assessment took place over the 

time period. 

For AV, in 2012 a mean of 81% agreement (SD=17), in 2013 a mean of 87% 

agreement (SD=20) between subjective assessment and instrumental measurement 

was found. An increase (p=0.0061) in the degree of agreement over the time period 

was found; thus, there was a significant increase of agreement between instrument 

and subjective assessments over the time (Figure 4). The OR for agreement was 

1.078 over 10 ranks (95%CI=1.023 to 1.136). 

In 2012 a mean of 70% agreement (SD=26), in 2013 a mean of 72% agreement 

(SD=29) was found for LI. No significant change in agreement over the time period 

was found. Thus, there was no significant improvement (or worsening) of subjective 

assessments over the time period (Figure 5). 

For T, in 2012 a mean of 57% agreement (SD=34), in 2013 a mean of 74% 

agreement (SD=32) between instrument and assessor was found. There was an 

improvement (p<0.0001) in agreement over the time period was found. The OR for in 

agreement was 1.144 (95%CI=1.093 to 1.197).Thus, a significant improvement of 

subjective assessment (more ‘true positives’ and ‘true negatives’) of T assessment 

took place over the time period. T is not presented as graph since the classification of 

values as being in or out of the recommended range depends on the pig’s weight 

class. 
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Discussion 

To the best of our knowledge, this study is the first to examine the accuracy of 

subjective assessment of air quality parameters in pig husbandries. Five climate 

parameters were independently measured and estimated in 1000 pens of 71 farms. 

The assessor’s ability to recognize pens with values deviating from pre-defined 

recommended range was compared. The sensitivity to detect pens with too high NH3 

proved to be highest compared to the detection of other parameter deviations. 

Subjective assessment of AV proved to agree best between instrumental 

measurement and observer’s assessment. Over the time period of the farm visits, a 

slight increase of agreement between instrumental measurement and subjective 

assessment was found for relative humidity (RH), air velocity (AV) and temperature 

(T). There was no decrease of agreement between instrument and assessor for any 

parameter. 

Climate measurements 

Data collection was carried out mostly in the warm period of the year and all 

evaluated farms participated mainly for tail biting reasons. Each measurement and 

subjective assessment was taken during a very short recording in each pen and not 

over a longer time (no data logger was used). Thus, data presented here can only 

serve as snapshot.  

More than half of pens exceeded the NH3 threshold in both years. NH3 pollution 

improved from 2012 to 2013. Pigs find exposure to high NH3 aversive [1]. This may 

have led to chronic stress, increasing the tail biting risk on farms, which might in turn 

have led to the initial reason why the farms participated in the study. The immediate 

feedback and advice the farmers received after each visit might have raised the 

farmers’ awareness and encouraged risk-reducing changes [36], for example, in the 

case of NH3, slurry management or adjustment of ventilation. The low CO2 values of 

nearly all pens could be explained by high the low activity of pigs [37] in the hot 

temperatures. 
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Most pens were found to have deviating RH values. The very narrow reference range 

in context to tail biting prevention should be noted. If the RH is too high, pigs tend 

wallow more often [38], which in turn increases NH3. RH largely depends on RH of 

the inlet air and on the indoor temperature [7]. Most livestock ventilations are not RH 

controlled yet, but commonly provide only ventilation and heating [39]. Those may fail 

to maintain all climatic parameters on desired levels, e.g. many pens with high RH, T 

and NH3 require a higher ventilation rate, which is limited by too high AV. The large 

number of pens with too high AV reflects this problem: If the ventilation is adjusted in 

order to cool the T, draught often occurs. On the one hand, draughts cause 

increased restlessness in pigs [40] which might contribute to tail biting development. 

It is possible that the tail biting problem on all participating farms was promoted by 

the high AV. On the other hand, if no other cooling possibility exists, the pens might 

become too warm very fast, if draughts are avoided and if no air conditioning is 

provided. 

The finding that most pens were insufficiently illuminated compared to the 

recommended standards in both years raises the question as to whether or not the 

farmers intentionally set the level of illumination rather low. LI is the parameter that 

was expected to be easiest to modify (e.g. use of artificial lighting); therefore, 

constant number of pens with too low lux values was surprising. On the one hand, it 

might be that farmers knew of the pigs’ preference for dim light over illuminance [24] 

or decided to decrease the LI because of tail biting (increased resting behaviour of 

pigs). The LI in fattening houses is a matter of controversy [23]. On the other hand, it 

is possible that farmers considered energy costs. Nevertheless, pigs need a certain 

LI to carry out biological functions, even if the exact LI for these needs has not been 

examined yet [41].
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Instrumental measurements and subjective assessments 

Agreement between measurements and subjective assessments could be examined 

by overall agreement between technical instrument and subjective assessments and 

via calculation of sensitivity and specificity. Our approach in estimating the accuracy 

of subjective assessments of stable air is new.  

Basically, measurement values in pens subjectively classified as ‘too high’ or ‘too 

low’ were significantly higher or lower than in pens classified as ‘ok’, but the extent of 

the accuracy varied greatly between parameters. For pig husbandries, the proportion 

of ‘true positives’ identified by the assessor (sensitivity) is especially interesting, since 

it reflects the capacity of the human senses to identify poor air quality.  

This sensitivity was highest for NH3. NH3 is produced by heterotrophic bacteria [42] 

and occurs during decay of urine [43] and other substances. This particular smell 

might be familiar to most humans. Mild-to-moderate exposure leads to eye irritation, 

coughing and respiratory distress [44], which makes NH3 particularly easy to detect. 

Humans detect in concentrations of <5ppm and the complaint level is 20-25ppm [45], 

which explains the high sensitivity in our study. Pigs [1], humans and other species 

avoid being in NH3-polluted air. Broiler fowl avoids NH3 concentrations >10ppm [46], 

sheep >45ppm [47]. NH3 can form an aqueous aerosol [48]. Therefore, the many 

pens with too high RH on the participating farms might have enhanced the NH3 

concentration and thereby the ability of the assessor to detect high NH3 values. 

Presumably, the low sensitivity of RH detection might be explained by the very 

narrow reference range for RH in our study, with a pre-defined variation for the 

“RH value in reference range” of only 5%. Humans are used to a wider range of 

indoor building RH of 30 to 70% [29] than it is recommended for pigs according to the 

German Thuringian animal diseases fund (65 to 70% RH, [32]) which will have 

contributed to the very low sensitivity of the assessment in this study. 

The high AV Po was mainly based on the high specificity. The assessor’s subjective 

estimations were off beam for more than half of pens with too high air velocity. Thus, 
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it is apparent that Po alone cannot be used to demonstrate the quality of subjective 

assessments. Humans can perceive draughts of about 0.2m/s [28], which was 

supported the assessor’s results; instrumentally measurement values in pens 

subjectively assessed as ‘too high air velocity’ were significantly higher than in pens 

classified as ‘ok’. The low sensitivity may have been influenced by mostly high pen 

temperatures: Humans, same as pigs, might tolerate higher AV values if the T is 

high; humans are known to complain less about high AV at high air temperatures 

[28].  

The subjective assessment of LI was the only parameter for which an aid was used 

(legibility of ear tag). This method seemed to miss the intended reference range 

(≥80lux) by far (overlapping of Q3 ‘LI too low’ and Q1 ‘ok’ seemed to locate between 

22 and 28lux). Thus, the legibility of ear tags can serve as cautious orientation, but 

was not suitable for the pre-defined reference range. Another method for the 

assessment of LI should be considered. 

Recognition of pens of too high T was moderately sensitive. The assessor who 

carried out the subjective assessments was female. On the one hand, in females, the 

local sensations and skin temperatures of the extremities have a significant influence 

on whole-body thermal sensation [49]. On the other hand, the adult human feeling of 

temperature comfort is different from pigs. Hence, the estimation whether T was 

sufficient for the weight class of present pigs might have been influenced by the 

human T preference. Note that the recognition of pens with too low temperatures 

could not be analysed because of the fact that most farms were visited during the 

warm season. 

Changes of agreement over time 

Accuracy of can only be improved if persons reflect their own performance [50]. In 

this study, the subjective assessment was not compared to instrumental 

measurement values before the start of data collection, which means that the 

assessor received no training initially. The presentation of all values of instrumental 

measurements to the farmer after each barn evaluation might have contributed to 
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self-reflection of the assessor, but these presentations were staggered in time, 

therefore it could not serve as immediate assessment-instrument-alignment. 

In our study, a slight improvement of agreement between instrumental measurement 

and subjective assessment over the period of all farm visits was found for RH, AV 

and T. Nevertheless, all improvements were on a low level. These three parameters 

include a tactile component in detection. An influence between thermal sensation and 

the perception of skin wetness is presumed [51], which is why an increase of 

agreement in temperature could furthermore have improved an agreement in RH 

detection. 

For NH3, a high sensitivity and agreement between subjective and instrumental 

assessment in the first assessment period will be the main reason for no further 

improvement. Likewise, for LI, an improvement over the time to recognize pens 

>80lux was not feasible, which might be explained by the fact that the legibility of ear 

tags seemed to ‘begin’ at much lower LI values than >80lux und could thus not be 

improved further. Nevertheless, NH3 and LI assessment displayed no decline in 

agreement over the time period of the farm visits. This underlines that there seems to 

be no habituation effect for the subjective assessment of barn climate, even if the 

assessor visits many pens over a long time period. 

Standard deviation of all parameter was high, which indicates strong fluctuations in 

the degree of assessment-instrument-agreement. This implies that the ability to 

assess the climate correctly might also be influenced by daily personal variations. We 

assume that people might improve the degree of agreement between subjective 

assessment and instrumental measurement, but, to this end, instant self-reflection is 

required.
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Conclusion 

Our data present an initial overview on the accuracy of subjective assessment of 

climatic parameters in pig husbandries. The results may help farmers, farm advisers 

and veterinarians, who might not be in possession of full technical measuring 

equipment, to consider possible next steps if they subjectively assess barn climate 

parameters as being out of the range recommended for pig housing. 

Even though without training subjective assessment of some climatic parameters 

seemed inadequate, it should be possible in principle, but cannot completely replace 

instrumental measurement. If the pen climate is assessed as suboptimal, the 

assessor should strive to confirm his/her findings by an instrumental measurement. 

Further on-farm research, including more observers and observer training, should be 

carried out to determine the full potential of subjective assessment of climatic 

parameters. 
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Tables and figures 

Table 1: Distribution (Q1, median, Q3 of instrumentally measured values) and 

classification of barn climate parameters on 71 (year 2012) and 68 (year 2013) German 

finisher farms. For noxious gases, mean values of the 3 pen location measurements 

are presented. NH3=ammonia, CO2=carbon dioxide, RH=relative humidity, AV=air 

velocity, LI=light intensity, T=temperature. Out of 79.7% of pens out of recommended 

RH range in 2012, 30.5% showed too low RH, 49.2% showed too high RH. Out of 87% 

of pens out of recommended RH range in 2013, 27.6 showed too low RH, 59.7% too 

high RH. Out of 82.0% out of recommended T range in 2012, 0.8% were too cold, 81.2% 

too warm for pigs of present weight class. Out of 94.1% out of recommended T range 

in 2013, 0.6% were too cold, 93.5% too warm for pigs of present weight class. 

P
a

ra
m

e
te
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Recommended range Year 
N  

pens 
Q1 Median Q3 

%
 o

f 
p

e
n

s
  

n
o

t 
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re

c
o

m
m

e
n

d
e
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g
e

 

NH3 ≤15ppm 
2012 505 13.3 20.7 31.0 67.7 

2013 346 9.3 16.7 24.0 56.3 

CO2 ≤0.3Vol% 
2012 509 0.1 0.10 0.13 0.4 

2013 352 0.1 0.10 0.17 0.9 

RH ≥65% to ≤70%RH 
2012 410 63.1 70.0 75.8 79.7 

2013 489 63.5 73.4 81.7 87.3 

AV ≤0.2m/s 
2012 509 0.13 0.17 0.21 27.1 

2013 383 0.14 0.16 0.19 13.1 

LI ≥80lux 
2012 505 3.0 20.0 58 81.4 

2013 489 4.0 28.0 65 80.8 

T 

<40kg: ≥20 to ≤24°C 

40-60kg: ≥18 to ≤22°C 

≥60kg: ≥16 to ≤20°C 

2012 511 22.7 24.7 26.5 82.0 

2013 489 22.9 25.0 27.0 94.1 



 
Paper  II 

 
94 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

In
s

tr
u

m
e

n
ta

l 
m

e
a

s
u

re
m

e
n

t 

Q
3

 

19
 

33
  

71
.6

 
78

.6
 

86
.7

 
 

0.
19

 
0.

27
 

 
21

.8
6  

12
8.

8 
 - 

25
.2

 
27

.8
 

 

M
e

d
ia

n
 

12
.8

3 
24

.3
3 

 
65

.8
 

71
.4

 
78

.3
 

 
0.

16
 

0.
23

 
 

5.
54

 
57

  - 
23

.5
 

25
.8

 

 

Q
1

 

7 
17

.3
3 

 
55

.4
 

64
 

71
.6

 
 

0.
13

 
0.

19
 

 
1.

24
 

28
.5

 
 - 

21
.8

 
23

.9
 

 

S
P

 

0.
69

 

0.
59

 
 

0.
78

 
 

0.
94

 

0.
92

 

- 

0.
74

 

S
E

 

0.
72

 

0.
51

 
 

0.
44

 
 

0.
47

 

0.
66

 

- 

0.
63

 

P
O
 

0.
71

 

0.
54

 
 

0.
50

 
 

0.
85

 

0.
71

 

- 

0.
67

 

S
u

m
 

3
6

6
 

4
8

2
 

8
4

8
 

2
4

7
 

4
1

7
 

2
2

5
 

8
8

9
 

7
5

7
 

1
2

5
 

8
8

2
 

5
4

4
 

4
3

9
 

9
8

3
 

8
 

3
6

4
 

6
0

3
 

9
7

5
 

T
o

o
 

h
ig

h
  

14
8 

38
5 

5
3

3
 

80
 

23
1 

18
1 

4
9

2
 

98
 

87
 

1
8

5
 

- - - 2 29
2 

57
7 

87
1 

O
k

 

21
8 

97
 

3
1

5
 

51
 

73
 

21
 

1
4

5
 

65
9 

38
 

6
9

7
 

15
 

17
2 

1
8

7
 

5 68
 

24
 

97
 

T
o

o
  

lo
w

  

- - - 

11
6 

11
3 

23
 

2
5

2
 

- - - 
52

9 
26

7 
7

9
6

 

1 4 2 7 

 

S
u

b
je

c
ti

v
e

 
a

s
s

e
s

s
m

e
n

t 

O
k 

T
oo

 h
ig

h 
S

u
m

 

T
oo

 lo
w

 
O

k 
T

oo
 h

ig
h 

S
u

m
 

O
k 

T
oo

 h
ig

h 
S

u
m

 

T
oo

 lo
w

 
O

k 
S

u
m

 

T
oo

 lo
w

 
O

k 
T

oo
 h

ig
h 

S
u

m
 

 P
a

ra
m

e
te

r 

N
H

3
 

R
H

 

A
V

 

L
I T
 

T
a

b
le

 2
: 

A
g

re
e

m
e

n
t 

b
e

tw
e

e
n

 i
n

s
tr

u
m

e
n

ta
l 

m
e

a
s

u
re

m
e

n
ts

 a
n

d
 s

u
b

je
c

ti
v

e
 a

s
s

e
s

s
m

e
n

ts
. 

O
k

=
p

a
ra

m
e

te
r 

a
s

s
e

s
s

e
d

 
a

s
 b

e
in

g
 w

it
h

in
 r

e
c

o
m

m
e

n
d

e
d

 r
a

n
g

e
, 

P
o
=

o
v

e
ra

ll
 a

g
re

e
m

e
n

t 
b

e
tw

e
e

n
 s

u
b

je
c

ti
v

e
 a

s
s

e
s

s
m

e
n

t 
a

n
d

 i
n

s
tr

u
m

e
n

ta
l 

m
e

a
s

u
re

m
e

n
t,

 S
E

=
s

e
n

s
it

iv
it

y
, 

S
P

=
s

p
e

c
if

ic
it

y
, 

N
H

3
=

a
m

m
o

n
ia

, 
R

H
=

re
la

ti
v

e
 h

u
m

id
it

y
, 

A
V

=
a

ir
 v

e
lo

c
it

y
, 

L
I=

li
g

h
t 

in
te

n
s

it
y

, 
T

=
te

m
p

e
ra

tu
re

. 
T

h
e

 p
re

s
e

n
te

d
 L

I 
c

o
rr

e
s

p
o

n
d

s
 t

o
 t

h
e

 m
e

a
n

 o
f 

th
e

 m
e

a
s

u
re

m
e

n
t 

in
 s

ix
 d

ir
e

c
ti

o
n

s
. 

F
o

r 
p

a
ra

m
e

te
rs

 w
it

h
 t

h
re

e
-l

e
v

e
l 

c
la

s
s

if
ic

a
ti

o
n

, 
c

la
s

s
if

ic
a

ti
o

n
 a

s
 ‘

to
o

 h
ig

h
’ 

o
r 

‘t
o

o
 l

o
w

’ 
w

a
s

 c
o

m
p

a
re

d
 s

e
p

a
ra

te
ly

 f
o

r 
P

O
, 

s
e

n
s

it
iv

it
y

 a
n

d
 s

p
e

c
if

ic
it

y
 (

fr
a

m
e

s
) 

e
x

c
e

p
t 

fo
r 

T
 ‘

to
o

 l
o

w
’ 

b
e

c
a

u
s

e
 o

f 
lo

w
 N

. 
Q

1
, 

m
e

d
ia

n
, 

Q
3

: 
D

is
tr

ib
u

ti
o

n
 o

f 
in

s
tr

u
m

e
n

ta
l 

m
e

a
s

u
re

m
e

n
t 

v
a

lu
e

s
 i

n
 p

e
n

s
 s

u
b

je
c

ti
v

e
ly

 c
la

s
s

if
ie

d
. 
A

ll
 p

-v
a

lu
e

s
 f

o
r 

a
s

s
e

s
s

o
r 

d
if

fe
re

n
ti

a
ti

o
n

 
b

e
tw

e
e

n
 p

e
n

s
 s

u
b

je
c

ti
v

e
ly

 c
la

s
s

if
ie

d
 a

s
 i

n
 o

r 
o

u
t 

o
f 

re
c

o
m

m
e

n
d

e
d

 r
a

n
g

e
 w

e
re

 <
0

.0
0

1
 a

ft
e

r 
K

ru
s

k
a

ll
-–

W
a

ll
is

-t
e

s
t.

 



 
Paper  II 

 
95 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Two examples of pig ear tags commonly used in Germany 
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Figure 2: NH3 distribution of subjective assessments (X-axis: classification based on 

subjective assessment. Y-axis: NH3 values (mean) based on instrumental 

measurement [ppm]). Reference line=15ppm. 

2012                 2013 

‘ok’  ‘too high’  ‘ok’  ‘too high’ 
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Figure 3: RH distribution of subjective assessments (X-axis: classification based on 

subjective assessment. Y-axis: RH values based on instrumental  

measurement [%RH]). Upper reference line=70%RH, lower reference line=65%RH.

2012               2013 

‘too low’ ‘ok’ ‘too high’ ‘too low’ ‘ok’ ‘too high’ 
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Figure 4: AV subjective assessments (X-axis: classification based on subjective 

assessment. Y-axis: AV values based on instrumental measurement [m/s]).  

Reference line=0.2 m/s.

2012                  2013 

‘too high’ ‘ok’ ‘ok’ ‘too high’ 
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Figure 5: LI subjective assessments (X-axis: classification based on subjective 

assessment. Y-axis: LI values (mean of 6 directions) based on instrumental 

measurement [lux]). Reference line=80 lux. 18 pens with >500 lux not included to 

improve legibility of graph. 
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Abstract 

A cross-sectional study was carried out during 2012 to examine risk factors for tail 

biting on 213 farms with problematic tail biting. The farms were evaluated using a tail 

biting intervention tool (‘SchwIP’, abbreviation of German wording for ‘tail biting 

intervention programme’). A total of 56 risk factors were included in the tool. These 

were assigned to five categories, concerning different aspects of animal comfort, 

enrichment, feed and water, animal health and stress. Most commonly found risk 

factors were insufficient renewal of enrichment objects (e.g. chains with 

plastic objects), no enrichment material (e.g. straw), no cooling possibility, high air 

temperature, mixing of pigs during transportation, too low or too high water flow rates 

of drinkers, relative high stocking density, insufficient separation of functional areas in 

the pen as well as signs for respiratory diseases. 

Tail and ear lesions were directly assessed in the pens on each farm, as were other 

pen-related risks. The overall prevalence of pens containing at least one pig with tail 

lesions was 50.4% in 1013 pens. Ear lesions were present in 38.2% of pens. Data 

were subjected to logistic regression to examine relationships between the total on 

farm risk as well as the category risks as generated by the tool and the prevalence of 

tail and ear lesions.  

With increasing total on-farm risk score (as generated by the tool), the number of 

pens with tail and ear lesions increased significantly. Tail lesions were related with 

comfort and health risks. Ear lesions were related with comfort, enrichment and 

stress risk as well as to the pen group size.  

The relationship between the risk factors identified by the SchwIP and the prevailing 

tail and ear lesions indicate that application of SchwIP can contribute to reducing tail 

and ear biting by analysing the most important risk factors on farms. 

 

Keywords: Pig, Tail biting, Risk factors, Intervention tool 
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Introduction 

Tail biting is a behavioural disorder which is mainly observed in growing and fattening 

pigs. It results in major welfare impairment in affected animals and additionally in 

financial losses (Smulders et al., 2008). During tail biting, initially small teeth marks 

may develop into major tail wounds and wound secretion may stimulate hitherto 

uninvolved pigs to further biting behaviour (van Putten, 1969), which can lead to 

severe tail lesions, necrosis and even tail loss (Penny and Hill, 1974). Spinal canal 

injuries may provide an access route for ascending infection, leading to abscesses 

(Huey, 1996), septic arthritis and posterior paralysis or death by pyaemia. Tail biting 

is assumed to cause psychological stress in biters and victims (Zupan et al., 2012). 

Tail bitten pigs may show growth deficiencies (Sinisalo et al., 2012). Thus, tail biting 

impairs not only well-being, but also production performance of pigs. It leads to 

increased production costs due to necessary medical treatments of bitten pigs and 

performance impairment. 

There are many risk factors for tail biting. These risk factors range from internal 

factors such as gender, animal health and genetics to external factors such as 

management procedures (e.g. tail docking or stocking density, feed and water 

management), enrichment and comfort (e.g. climatic conditions) 

(Schrøder-Petersen and Simonsen, 2001). On each farm, different risk factors can be 

prevalent and may interact in different ways, resulting in farm-specific risk patterns 

(Moinard et al., 2003). 

Due to this multifactorial quality, on-farm reduction of tail biting risks requires 

farm-specific approaches (Taylor et al., 2012), which should address the whole range 

of risk factors. The farmer should be included in this procedure as he/she plays a key 

role in tail biting prevention (Bracke et al., 2013). Farm-specific advisory tools can 

provide an overview on the farm situation and support the farmer in deciding on 

risk-reducing measures, especially if applied regularly over a longer period of time 

(animal health and welfare planning, AHWP; e.g. Ivemeyer et al., 2012). AHWP has 

already been implemented for organic dairy cows in several European countries 
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(Ivemeyer et al., 2012) and for conventional fattening pigs in the UK (‘tail biting 

husbandry advisory tool’, ‘HAT’; Taylor et al., 2012) but not yet for conventional 

German fattening pigs.  

Unfortunately, the tail biting HAT could not directly be transferred to Germany, 

because housing systems differ between Germany and the UK. While many 

conventional pigs in the UK are kept on straw systems with natural ventilation 

(Hunter et al., 2001), the majority of pigs in Germany is kept on straw-free fully 

slatted floors and with forced ventilation (Hendriks et al., 1998). As there is little 

detailed data on risk factors for tail biting in fattening pigs kept in fully slatted and fully 

ventilated housing, we adapted the HAT to conventional German pig production 

conditions and applied it on 213 farms throughout Germany. 

The aim of this contribution is to describe common risk factors for tail biting on 213 

conventional German fattening pig farms. Risks were assessed using an automated 

assessment and feedback tool which is also described. Moreover, the tool’s reliability 

in representing prevalent tail and ear biting risks is examined. 
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Material and Methods 

The German tail biting tool ‘SchwIP’ 

The risk factors from the tail biting HAT (Taylor et al., 2012) were reviewed and 

weighted in an expert survey regarding their potential impact on tail biting on 

conventional German fattening pig farms (Madey et al., 2014b, in submission). The 

resulting weights were combined with the respective HAT weights by calculating 

means, and integrated in a Microsoft Excel® and an Apache OpenOfficeTM file with 

macros. The German tool was named ‘SchwIP’, (abbreviation for 

‘Schwanzbeiß-Interventions-Programm’, German wording for ‘tail biting intervention 

programme’). 

The SchwIP file database included 56 risk factors with absolute weightings between 

5 and 70 (high value=strong influence on tail biting, low value=weak influence). It 

furthermore included 93 not weighted questions in order to collect additional 

information. Risk factors were assigned to the five categories comfort (N=16), 

enrichment (N=13), feed and water (N=15), health (N=8) and stress (N=4). As for 

enrichment, distinction was made between enrichment material (e.g. straw or hay) 

and enrichment objects (solid items, e.g. wood on a chain). An additional weighted 

factor is the presence of ear lesions. This factor is not categorized because there is a 

high correlation with tail biting (Goossens et al., 2008; Brunberg et al., 2011). Thus, 

ear lesions can merely be regarded as an indicator for increased tail biting risk rather 

than being a single tail biting inducing condition. 

The user interface of the SchwIP file contained a short manual, an interview 

questionnaire, a barn assessment questionnaire and additional information on 

selected housing and management recommendations. Data recorded during an 

assessment were entered into the questionnaires and automatically summarised in a 

farm-specific report with basic farm information and a risk profile. Risks were 

classified as present (coloured red, weight >0) or absent (coloured green, weight <0) 

and presented as graphical overviews which showed the respective weights, as well 
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as in tables together with information on how the factor contributed to tail biting. For 

present risks suggestions for improvement were given in addition to the background 

information. Furthermore, results from the pens assessed in the barn were 

summarised (e.g. stocking density). The last report page contained a form for an 

intervention plan. 

SchwIP was applied in the course of AHWP: An external observer assessed a farm 

and discussed the report with the farmer on the same day. The farmer then selected 

aims and intervention measures for his/her farm, which were written in an 

intervention plan. Approximately 12 months later the assessment was repeated, the 

new report was discussed together with last years’ intervention plan and a new plan 

was drawn up by the farmer. 

Data collection 

Conventional pig farms with ≥400 fattening places were called for participation in a 

tail biting intervention study in farmer journals, at stakeholder events and on the 

internet. A total of 213 farms in 10 of the 16 German federal states were visited from 

June to November 2012 by a veterinary scientist (a member of the working group) 

and by 84 farm advisers and veterinarians. These advisers and veterinarians had 

been trained to apply SchwIP in one-day workshops before data collection 

(vom Brocke et al., 2014, in submission). 

Farm visits started with an interview with the farmer about pig management and 

history. Then, a farm plan indicating the layout of barns, rooms and pens and their 

respective flooring types and feeding systems was drawn. A ‘barn’ was defined as a 

building housing pigs under one roof and a ‘room’ as a compartment where all pigs 

shared one airspace. Pens for assessment were selected based on the plan, 

whereby pens (rooms, barns) with current or regular tail biting events were given 

preference over a random sample (thus, this is a problem-based selection). Barn 

assessment included qualitative and quantitative assessment of housing parameters 

at barn, room and pen level. In addition to behaviour observations at pen level (lying, 

oral behaviour), blood on the tails, inflammatory swelling or loss (partial or full) of the 
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tails, as well as blood or scabs on the ears were assessed in a maximum of 30 

randomly selected pigs per pen. Pigs were not individually identified during lesion 

assessment; therefore numbers of pigs having specific lesion combinations 

(e.g. blood and inflammatory swelling) cannot be calculated. 

Data processing 

The data were extracted from the SchwIP files and examined for logical errors. All 

calculations were performed in SAS (SAS 9.3; SAS Institute Inc., 2011) and 

p-values <0.05 were regarded to indicate significant differences. 

Risk scores and lesions 

Risk factor weights were used for calculating tail biting risk scores at a pen level. For 

the overall pen risk score (PRS), the weights of all questions answered per pen were 

added up as the maximum possible pen weight sum. Then, the weights of all risks 

present (i.e. all weights above 0, red in the report) were summed up and divided by 

the maximum possible pen weight sum to result in the PRS (%). For example, in a 

pen with PRS 33% the weights of all risks present were one third of the total weight 

sum if all possible risks were present. The same calculation was done for each pen 

per risk factor category, resulting in five category risk scores per pen (CRS, %). 

Lesions prevalences per pen were collapsed into binary variables (lesion present 

in ≥1 pig yes/no). Tail lesions were combined in a binary tail lesion variable 

(blood and/or inflammatory swelling and/or tail loss present in ≥1 pig yes/no). 

Relationship between risk scores and tail and ear lesions 

The relationship between the presence of tail lesions in a pen and the overall pen risk 

score (PRS) was tested in mixed logistic regression models, using PROC GLIMMIX 

in SAS (SAS 9.3; SAS Institute Inc., 2011) which included group size as confounding 

factor and farm as random factor: 

logit (pi)=µ + β1 PRSi + β2 group sizei + ufarm(i) 
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where p=presence of tail lesions in at least one pig in pen i, µ=intercept, β1=estimate 
for PRS of pen i, β2=estimate for group size in pen i, and ufarm(i)=random farm effect 
for pen i. 

Ear lesions were tested using the same model, yet while barn and room could not be 

estimated as random factors for tail lesions, the model for ear lesions included room, 

barn and farm as random factors. 

In order to test for differences in influence of risks from different categories, data 

underwent a second logistic regression including CRS. Data were backwards 

eliminated (p<0.05) (Hosmer-Lemeshow goodness-of-fit-tests, Hosmer and 

Lemeshow, 1989) from the following model: 

logit (pi)=µ + β1 comforti + β2 enrichment i + β3 feed-water i + β4 healthi + β5 stressi + 

β6 group sizei + ufarm(i) 

where p=presence of lesions in at least one pig in pen i, µ=intercept, β1 to 
β5=estimates for CRS comfort, CRS enrichment, CRS feed and water, CRS health, 
and CRS stress, respectively, for pen i, β6=estimate for group size in pen i 
(confounder), and ufarm(i)=random farm effect for pen i. 

All random factors had unstructured covariance matrices. Odds ratios (OR) were 

calculated for an increase of 10 risk score points. 
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Results 

Farm characteristics 

33% of the farms were farrow-to-finisher farms and 67% were finisher farms. 71 of 

these had been evaluated by the veterinary scientist of the SchwIP study team, 142 

farms had been assessed by 84 trained persons. Farms were visited between June 

and November in both years. One farm housed only pigs with un-docked tails. Ten 

farms housed different numbers of long-tailed pigs on trial basis.  

Almost all pens contained pigs with docked tails. Since the question as to whether or 

not the tails were docked was answered on a pen level, the exact number of pens 

with pigs with formerly intact tails is not of record. If all tails in a pen are bitten, the 

original condition of the tail is unknown.  

The SchwIP working group veterinarian used a full complement of measuring 

equipment for climatic parameters on 71 farms (Madey et al., 2014a, in preparation), 

whereas several training participants relied on subjective assessment of climate on 

142 farms. Two training participants visited two farms <400 fattening spaces because 

of current tail biting problems. Since farms of such small size are not 

unrepresentative, it was decided to include them in the analysis. 

A total of 1013 pens were assessed. 1 to 10 pens (median=4) in 1 to 6 rooms 

(median=2) in 1 to 3 (median=1) barns were assessed per farm. Farms had at least 

300 fattening places up to 28,000 (Q1=850, Q3=1,800, median=1,250). An 

implementation of the tool lasted ca. 4 hours per farm. 

Tail and ear lesions 

On 84.5% of the farms tail lesions were found in at least one of the assessed pens, in 

60.6% of cases in more than one pen. On 65.3% of the farms ear lesions were found 

in at least one of the assessed pen, in 47.0% of cases in more than one pen. 50.3% 

of all examined pens contained pigs with tail lesions (Table 1), whereby ‘tail lesions’ 
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included blood, inflammatory swelling, tail loss or a combination of these. 38.2% of 

pens contained pigs with ear lesions (ear bloody or with scab). 

Risks on farms 

There was a high variation in the degree to which risk factors were found on farms 

(Table 2). CRS varied between farms (Figure 1). The farm with the lowest cumulative 

CRS (ranked 1) showed no risk in the categories enrichment and stress. The 

distribution of the risk scores is presented in Table 3. The highest mean CRS was 

found for enrichment (36.3), the lowest mean in health (16.2). Thus, the highest 

category risk was exhibited for enrichment, the lowest in health. High variation was 

found for the category health (IQR=25) and low variation for the category comfort 

(IQR=13.8). 

It is worth noting that two farms showed CRS of 100 in the category enrichment, 

while simultaneously not demonstrating any risk in the category stress. For none of 

the other categories, a 100% risk was found. Nearly 20% of the farms (N=42) 

showed no stress-related risk, 13% (N=27) no health-related risk, 3% (N=6) no feed 

and water-related risk and 3% (N=6) no enrichment-related risk, respectively. Only 

one farm showed no comfort-related risk. 

Relationship between overall risk score and tail and ear lesions  

The estimation of a correlation between PRS and the presence of tail or ear lesions 

on farm (Table 4) was based on 1022 pens in 213 problem farms. If PRS increased 

by 10, tail biting lesions increased by 1.49 (p=0.002). Moreover, if PRS increased by 

10, the ear lesions increased by 1.74 (p<0.001).  

For tail lesions, only the factor ‘farm’ was estimable as random factor. For ear 

lesions, the random factors ‘farm’ and ‘barn’ were estimable. The group size had no 

effect on tail lesions, but it did on ear lesions; if group size increased by 10 pigs, ear 

lesions increased by 1.12. 
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Relationship between independent risk categories and tail and ear lesions 

A significant relationship between the presence of tail lesions in pen and CRS health 

and CRS comfort was found: If CRS health increased by 10, tail lesions increased by 

1.2 (p=0.0004). If CRS comfort increased by 10, tail lesions increased by 1.17 

(p=0.0495) (Table 5). Stress, enrichment and feed and water showed no significant 

relation with the presence of tail lesions (p>0.05).  

Ear lesions in pen and CRS comfort, CRS enrichment and CRS stress were 

significantly related: If CRS comfort increased by 10, ear lesions increased by 1.17 

(p=0.0491). If CRS enrichment increased by 10, ear lesions increased by 1.12 

(p=0.0342). If CRS stress increased by 10, ear lesions increased by 1.12 (p=0.02). 

Health and feed and water were not related significantly with the presence of ear 

lesions in pen (p>0.05) (Table 5). 
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Discussion 

In this study, an intervention tool for reducing tail biting risks on a large number of 

German conventional fattening farms was applied. By use of this tool, farm-specific 

risk factors for tail biting could be identified on 213 farms. Moreover, the total risk 

score generated by the tool was related with the prevalence of tail and ear lesions. 

Thus, the risk score had a predictive value for these major welfare problems. Among 

the independent risk categories, some seemed to be particularly important in tail and 

ear biting prevention, since a relationship between certain category risk scores and 

the presence of tail or ear lesions was found.  

Data collection 

Most of the participating farms had actual tail biting problems and none of the 

participating farms was without any tail biting history. Thus, they cannot be compared 

to ‘none-problematic’ (no history of tail biting) farms. The models in this study provide 

insight into possible risks for the prevalence of tail and ear lesions observed, but 

must be interpreted with care. All farms participated voluntarily. A certain bias 

towards farmers with a high flexibility and willingness to change situations may have 

been present. Thus, the sample prevalence of lesions might differ from the true 

population prevalence. 

Risks on farms 

All 56 weighted risks factors were found on problem farms, some very frequently and 

some only rarely. The ten most common risks originated from all five risk categories 

comfort, enrichment, feed and water, health and stress. 

Enrichment is considered to be the most important factor in tail biting prevention in 

tail docked pigs (review in EFSA, 2007). 89% of the farms provided no enrichment 

material but only objects and on 100% of the farms, these enrichment objects were 

renewed less than once per month. These two factors, either no enrichment material 
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at all or if such material was not sufficiently renewed, contributed to the highest mean 

CRS for enrichment. This category showed only little variation, indicating that farms 

were mostly quite uniformly equipped with enrichment. Straw is preferable over 

objects: long-stemmed straw given daily works best in tail biting reduction 

(Zonderland et al., 2008), compared to objects. The pig itself prefers material over 

objects (van de Weerd et al., 2006). It is likely that in barren pens, the attractiveness 

of pen mate tails might be enhanced, which reinforces biting behaviours. It can be 

assumed that there is considerable potential for improvement of enrichment on the 

tail biting problem farms. 

Comfort-related risk factors were frequent: 81% of the farms provided no cooling 

possibility in addition to the ventilation and too high temperature was found on 79% 

of the farms. Maintaining thermal neutrality is not always possible in confined 

housings (Done, 1991) and thus temperature might not always meet the pigs’ comfort 

(Huynh et al., 2005). High temperatures in the pens seem to impair immune 

response in pigs and may increase susceptibility to pulmonary infections 

(Kaczmarek et al., 1991). Tail biting and pen temperature are correlated 

(Geers et al., 1989). The majority of pig farms use temperature-only control systems 

and cooling is rarely used (Soldatos et al., 2005). It has to be noted that most farms 

were visited during the warm season and this raises the question as to whether or 

not the pigs might benefit from higher air velocity (as found on 21% of the farms). 

Nevertheless, because of draught prevention, ventilation rate has to be regulated 

carefully. The results indicate that temperature management in tail biting farms is 

necessary. 

Transporting and mixing are stressful for pigs. Mixing during transportation was found 

on 72% of the farms. Presumably this raises stress levels. In stress reduced housing, 

tail biting occurs less (Ekkel et al., 1995). Other stress-related factors were found to a 

lower degree and CRS stress variation was rather low. However, this might be 

explained mostly by small weightings.  

Too low or too high water flow rates were found on 69% and 55% of the farms. Pigs 

need water in order to maintain nutritive and welfare requirements and wish to obtain 
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sufficient amounts of additional water from the drinkers (Vermeer et al., 2009). 

Piglets prefer drinkers that are easy to locate and which provide water easily 

(Torrey and Widowski, 2006) and it can be assumed that this is still the case when 

pigs grow up. The drinker flow rate should not be too high (spraying) or too low 

(insufficient). It has been suggested that increasing the availability of water may 

lower the incidence of tail biting (Taylor et al., 2010). Apart from drinker flow rate, 

feed and water management risks seemed to be controlled quite well by many 

participating farms, since mean CRS feed and water was rather low. 

Stocking density is probably the most important criterion in terms of tail biting risks 

(EFSA, 2014). Space provision is related with tail biting prevention 

(Bracke et al., 2004). A relatively high stocking density (threshold: legal 

requirement+10% additional space) was found on 68% of the farms, an absolute 

overcrowding (stocking density<legal requirement) on 37% of the farms. This might 

have promoted the pigs’ tail biting activity (Moinard et al., 2003). Therefore, provision 

of additional space is recommended for problem farms.  

In our study, the pigs had to cross the lying area of the pens (insufficient separation 

of functional areas in pen) on 56% of the farms. This could have been compensated 

if more space would have been provided. This would additionally be beneficial in 

terms of enrichment use: a higher space allowance is thought to reduce competition 

for enrichment (Jensen et al., 2010) as well. 

Health correlates to animal welfare and influences the emotional state 

(Bracke et al., 1999). Tail biting is often reported from farms dealing with health 

impairment: During an on-farm case control study, Moinard et al. (2003) found an 

increase in tail biting if respiratory diseases were present. Tail wounds and the 

prevalence of lung abscesses or pleuritic lesions correlate 

(Kritas and Morrison, 2007) as well. In the latter study, the tail lesion was assumed to 

be the entry port for pathogenic germs spreading to respiratory tissue. This implies 

that tail biting and health impairment may intensify each other 

(Smulders et al., 2008). Respiratory health impairment was found on 56% of the 

farms and thus was the most commonly recorded health risk. These impairments 
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might have contributed to tail biting development, and vice versa. Health category 

showed a high IQR compared to CRS categories. This implies that some farms were 

already very good at avoiding health-related risks. 

However, it has to be taken into account that CRS comfort included five factors which 

were, in part, assessed subjectively (climate parameters). The sensitivity of 

subjective assessment of draughts or relative humidity is questionable 

(Madey et al., 2014a, in preparation), which might have led to inaccuracies in this 

independent category. 

Relationship between overall risk score and tail and ear lesions  

The prevalence of tail and ear lesions in this study does not reflect the total incidence 

on German finisher farms with respect to tail biting. Their presence might vary, 

depending on the date of the farm visit. PRS and tail and ear lesions were related. 

This indicates that the total on-farm risk score (generated by the SchwIP) could 

actually represent the current tail and ear biting risk situation and PRS is a predictive 

value for the odds of an occurrence of tail and ear lesions. 

Ear lesions (wound and/or crust on the ears) are often found in finishing pigs 

(Pringle et al., 2009). Tail and ear biting are supposed to have comparable risk 

factors (Smulders et al., 2008) and therefore are correlated (Beattie et al., 2005; 

Brunberg et al., 2011). Risk factors for both behavioural disorders might interact with 

each other (Taylor et al., 2010). Therefore the occurrence of tail lesions should be 

regarded as hint of hazardous conditions for ear lesions on farm, and vice versa. The 

link between both is reflected by comparable odds for the presence of both in 

association to an increase of PRS. Note that almost all farms in this study housed 

pigs with docked tails. Colyer (1970) suggested that pigs might shift their biting 

behaviours to the ears of their pen mates, if the tails are docked. This possibility is 

supported by findings that in abattoirs, pigs with docked tails had higher levels of ear 

lesions than pigs with intact tails (Hunter et al., 1999). 
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Relationship between independent risk categories and tail and ear lesions  

A key finding in this study was the marked difference in relationship between tail or 

ear lesions and independent risk categories. Tail lesions were related with 

CRS comfort and CRS health. Ear lesions were related with CRS comfort, 

CRS enrichment and CRS stress.  

Comfort category mainly included stocking densities and climatic parameters. Our 

findings are in contrast to findings by (Beattie et al., 1996), who found no reduction of 

harmful behaviour in pens with higher space allowance. On the other hand, 

Moinard et al. (2003) concluded that high stocking densities are likely to induce tail 

biting and refers to high stocking density as “stressful environmental condition”. 

Climate might influence both tail and ear biting: a high relative humidity promotes ear 

lesions (Park et al., 2013) and is, along with high ammonia content, suspected to 

increase a tail biting risk as well (van Putten, 1969). A relationship between air 

velocity and tail biting is suspected (Sällvik and Walberg, 1984), even if it could not 

be proven up to now. Draughts cause chills, this might reduce infection resistance 

(Done, 1991) and in addition increases the activity of pigs (Scheepens et al., 1991), 

which is stressful. Concerning air velocity, the stocking density has to be taken into 

account, as well as the pen design, since pigs in draughty areas might try to escape 

the draughts. Moreover, the pen temperature might have an influence. If it is too low, 

the pigs’ tolerance of high AV will be lower due to convection. 

The temperature and the occurrence of tail and ear biting at a later stage are 

suspected to correlate positively (Smulders et al., 2008). Our findings support an 

assumed relation between climatic parameters and biting behaviours. 

As outlined above, a relationship between animal health and tail biting is known. This 

was confirmed in our study, where a relationship between animal health related risks 

and tail biting was strong. Pigs with growth retardation due to poor health might 

develop into “obsessive” tail biters (Taylor et al., 2010). Such high performing tail 

biters also do bite more ears than other pigs (Brunberg et al., 2011). Therefore, a 

correlation between health impairment and ear biting was expected in this study. This 

would be in accordance with reports from other authors (Pringle et al., 2009; 
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Weissenbacher-Lang et al., 2012) who mentioned the relationship between ear 

lesions and infectious agents.  

In our tail biting intervention tool, CRS stress included factors related to interactions 

with other pigs (e.g. new pen mates due to transportations or restless pigs). 

Restlessness might also occur at high air temperatures, which results in increased 

tail and ear biting (Smulders et al., 2008). It is not explained why in our study, the 

stress-related risk was only related with ear but not with tail lesions. In other studies 

(Ekkel et al., 1995) it was reported that stressful events, such as transportation, may 

lead to abnormal behaviours such as tail biting. It has to be considered that the 

transportation itself, apart from mixing during transportation, might be stressful, which 

is why both factors were included in the SchwIP. 

Our findings indicate a relationship between ear lesions and enrichment. To the best 

of our knowledge, this relationship has not been examined yet, whereas a 

relationship between tail and ear biting is known (Park et al., 2013). In a tail chew 

test, the time the pigs spent with ear biting was correlated with the time they spent in 

chewing on test ropes (Beattie et al., 2005). The author suggests nutritional 

deficiencies as cause for increased foraging behaviour, which is expressed in tail and 

ear biting. An association between feed and water related risk and ear biting could 

not be confirmed in our study. Nevertheless, the findings described by Beattie et al. 

(2005) suggest that a provision of enrichment may be useful to stop this behaviour, 

even if, presumably, primarily caused by nutritional deficiencies. It is surprising that 

no relation between enrichment risk and tail lesions could be found, since this 

relationship has well been demonstrated by others (Taylor et al., 2010). Presumably, 

this can be explained by the low variation in enrichment provision on the examined 

farms. Most pigs were offered enrichment objects only and these were commonly not 

renewed. (EFSA, 2007) concluded that the provision of such objects cannot reduce 

the tail biting risk on farms, but consider the absence of ‘particulate rooting material’ 

as significant hazard for tail biting, especially in tail docked populations.  

Group size was highly related with ear lesions, but not with tail lesions. This is in 

contrast to reports from other authors (Colyer, 1970; Bracke et al., 2004) who 
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regarded small groups as relevant in tail biting prevention. To the best of our 

knowledge, the relation between group size and ear lesions has yet to be examined. 

(Schmolke et al., 2004) found no increase in fighting in large pen groups. Thus, the 

relationship cannot be explained by a higher level of ranking fights in large groups 

(resulting in ear injuries which might promote ear nibbling at a later stage), but an 

increased stress level due to ranking fights in large groups might influence biting  

behaviours indirectly. The described relationship between ear necroses and 

infectious agents (Pringle et al., 2009; Pejsak et al., 2011) leads to the question as to 

whether or not an infection might spread faster in large pen groups. The presence of 

necrosis-related crusts at the ear tips (Weissenbacher-Lang et al., 2012) might 

motivate pen mates to chew on these, which might explain why necroses and ear 

biting correlate (Park et al., 2013). Especially high-frequency tail biters, which also 

tend to bite more ears (Brunberg et al., 2011) then might redirect their biting 

behaviour to the ears, in particular as in a group of pigs, twice as many ears as tails 

are present. 

Conclusions 

A wide variety of tail biting influencing risk factors was found on the examined farms. 

Some farms were in part quite successful in managing tail biting risks, whereas 

others exhibited risks in virtually all categories.  

The risk score of the applied tail biting intervention tool demonstrated the actual tail 

and ear biting prevalence on the examined farms. Associations between independent 

risk categories and tail and ear lesions were found.  

Thus, the tail biting intervention tool reliably represented actual on-farm tail and ear 

biting risk and is expected to contribute to animal health and welfare planning. 

Further on-farm research is necessary to validate the findings of this study. 
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Tables and figures 

Table 1: Prevalences of tail and ear lesions in 1,013 pens. Pens were affected if  

≥1 pig in pen had an injury. N=total number of pens affected. %=proportion of affected 

pens in total. Farm prevalence %=median, Q1, Q3 of affected pens per farm. 

Lesion type N  %  
Farm prevalence % 

median [Q1, Q3] 

All tail lesions combined 510 50.3 50 [25.0, 87.5] 

Blood on tail 450 44.4 42.9 [16.7, 75.0] 

Inflammatory swelling of tail 306 30.2 25.0 [0, 50.0] 

Loss of tail (full or partial) 285 28.1 25.0 [0, 50.0] 

Ear lesion (blood or scab) 387 38.2 33.3 [0, 57.1] 
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Table 2: Risk factors for tail biting on 2013 German fatting pig farms ranked by 

frequency. N=number of the farms providing an answer. %=proportion of the farms on 

which the risk was present in ≥1 pen. Weight=factor weight indicating impact on tail 

biting (higher value=higher impact), Source I=interview, B=barn assessment. 

Variable N % Question Weight Category Source 

renewing 
objects 181 100 

are the enrichment objects 
(if present) replaced ≤1x 
per month 

5 enrichment I 

no 
enrichment 
material 

213 89 do the pigs have access to 
enrichment material? 

65 enrichment B 

cooling 
possibilitya 211 81 

is there some cooling 
possibility in the room? 30 comfort I 

temperature 
too highb 209 79 is the temperature in the 

lying area too warm? 50 comfort B 

mixing during 
transportation 

184 72 are the pigs mixed during 
transportation? 

30 stress I 

drinker flow 
rate too lowc 213 69 

is the flow rate of the 
weakest drinker too low for 
pigs of present weight? 

30 
feed and 

water B 

stocking 
density 
relatively 
highd  

213 68 
is the stocking density 
relatively high for given 
weight? 

28 comfort B 

separation of 
functional 
areas in pen 

204 56 

do the pigs have to cross 
the lying area when 
walking between feeders, 
drinkers or dunging area? 

35 comfort B 

signs for 
respiratory  
. 

diseases 
213 56 

are there indications of 
respiratory diseases 
(coughing, sneezing, 
dyspnoea)? 

60 health B 
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drinker flow 
rate too high 213 55 

is the flow rate of the 
strongest drinker too high 
for pigs of present weight? 

30 feed and 
water B 

direct sunlight 213 52 

are there preventive 
measures to protect pigs 
from direct sunlight (e.g. 
north window, roof 
overhang, diffuser)? 

40 comfort B 

tail length 
variation 210 50 

is there a variation in 
length of tails in the group 
(length varying by >1/3)? 

50 enrichment B 

pigs per 
drinker 213 48 is there <1 drinker per  

12 pigs? 25 feed and 
water B 

pigs per 
feeder 

213 47 
is the pig-feeding place-
ratio too high (according to 
sex or rationing)?  

35 feed and 
water 

B 

size variation 213 42 
do pigs vary in size within 
the group (≥1/5 of pigs 
differ clearly visible)? 

30 health B 

destructible 
objects 184 38 

are enrichment objects 
deformable/destructible  
(can pigs imprint teeth 
marks)? 

19 enrichment B 

wet lying area 43 37 
if there is partly slatted 
floor: is the lying area 
wet/damp? 

30 comfort B 

stocking 
density 
absolutely  
too highe 

213 37 
is the stocking density 
absolutely too high for 
given weight? 

55 comfort B 

ammoniaf  213 37 is ammonia and/or dust 
content in the air too high? 63 comfort B 

transportation 
between 
farms 

187 36 

are the pigs transported 
>1x after weaning  
(apart from transportation 
to slaughter) 

25 stress I 
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sodiumg 202 35 is feed sodium content too 
low? 50 feed and 

water I 

compensate 
feeder 
dysfunction 

210 33 

are you able to maintain 
the planned meals if your 
feeding system breaks 
down? 

35 feed and 
water 

I 

wallowing 213 32 
are the pigs wallowing in 
the dunging area? 40 comfort B 

dunging area 213 32 can you clearly identify the 
dunging area? 20 comfort B 

renewing 
material 

19 32 
if there is enrichment 
material: is it replenished 
every day? 

20 enrichment I 

relative 
humidityh  199 31 is the relative humidity ok? 25 comfort B 

soiled objects 184 29 are enrichment objects 
soiled with faeces? 14 enrichment B 

liver 
condemnation 
rate 

201 28 

liver condemnation rate of 
pigs (slaughtered during 
the last 12 months, 
slaughterhouse report) 

30 health I 

material 
access 32 28 

can ≥50% of the pigs 
manipulate the material 
simultaneously? 

15 enrichment B 

no 
enrichment 213 25 are there pens with neither 

material nor objects? 70 enrichment B 

pale pigs 213 25 are there pale pigs in pen? 20 health B 
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runts 213 23 are there runts in pen? 55 health B 

draughtsi  212 21 are there draughts in the 
pen?  

60 comfort B 

restless pigs 213 19 
are the pigs in the pen 
restless or nervous? 50 stress B 

pellets 207 18 is the feed pelleted/ 
crumbled/granulated? 20 feed and 

water I 

availability of 
material 

28 18 
if there is enrichment 
material: is it available day 
and night? 

15 enrichment I 

all-in-all-out 212 16 
do you apply all-in-all-out-
system (by barn or room)? 20 health I 

chopped 
straw 21 14 if straw is used: is it 

chopped instead of long? 11 enrichment B 

narrow pen 213 14 no. of pens with a long 
narrow shape 

30 comfort B 

access to 
feeding 
trough 

213 14 

are corners, obstacles or 
other animals partially or 
permanently obstructing 
access to the trough? 

30 
feed and 

water B 

soiled drinker 204 13 are drinkers contaminated 
with faeces? 25 feed and 

water B 

lysine: 
tryptophan 
ratioj 

173 9 is the lysine:tryptophan 
ratio <threshold? 

40 feed and 
water 

I 
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new pen 
mates 

 
212 

 
8 

are pigs mixed on-farm 
>1x after weaning and 
before leaving the finisher 
pens? 

 
30 

 
stress 

 
I 

diarrhoea 213 8 are there indications of 
diarrhoea? 

35 health B 

lysinek 209 8 
is the total lysine content              
<threshold? 43 

feed and 
water I 

material to 
object 

188 7 

did the pigs have access 
to enrichment material 
during rearing or grower 
stage but now have 
enrichment objects only? 

25 enrichment I 

deprivation of 
material 193 7 

did pigs have access to 
enrichment material during 
rearing or growing stage 
but now have no material 
at all? 

65 enrichment I 

panting 213 7 do the pigs pant? 50 comfort B 

crude fibrel  206 5 is crude fibre content              
<threshold? 60 feed and 

water I 

particle sizem 152 5 is the particle size of the 
feed <threshold   

25 feed and 
water 

B 

huddling 213 5 do the pigs huddle? 50 comfort B 

ectoparasites 213 5 
are there indications of 
ectoparasites? (severe 
itching, skin alterations) 

40 health B 

temperature 
too coldb 

209 4 
is the temperature in the 
lying area too cold for 
present weight category? 

50 comfort B 
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feed quality 186 3 is the feed of poor quality 
(e.g. putrid smell)? 40 feed and 

water 
 

B 

pre-starter 165 2 did the pigs receive pre-
starter feeding as piglets? 

10 feed and 
water 

I 

material 
quality  25 0 

is enrichment material of 
poor quality (e.g. dusty, 
mouldy)? 

25 enrichment B 

 

 

 

 

 

 

 

 

 

 

a counted if other than normal ventilation (e.g. spray cooling) 

b according to German standard DIN 18 910, cited in DLG (2002), modified +2°C,    
according to weight of pigs: <40kg (≥20 to ≤24°C), 40 to ≤60 kg (≥18 to ≤22°C)                  
and ≥60kg (≥16 to ≤20°C) 

c according to DLG (2008): <50kg (600 to 1000ml/min), 50 to ≤80kg (800 to 1200ml/min), 
>80kg (1500 to 1800ml/min) 

d according to German legislation: Anonymous (2001): space requirements + 10%,          
= [>30 to ≤50kg (≥0.5m2), >50 to ≤110kg (≥0.75m2), >110kg (≥1.0m2)] + additional 10% 

e according to German legislation: Anonymous (2001): space requirements                      
= [>30 to ≤50kg (≥0.5m2), >50 to ≤110kg (≥0.75m2), >110kg (≥1.0m2)]  

f assessed subjectively or instrumentally measured; threshold according to            
Philippe et al (2007): >15ppm. Inclusion of dust content since it might be difficult to 
differentiate ‘too high’ ammonia or ‘too high’ dust content subjectively 

g according to GFE (2006): <0.2% (=0.55% NaCl) 

h assessed subjectively or instrumentally measured (“not ok=dust stirs up/water 
condenses on the wall”), if measured: according to Anonymous (2014):             
reference range: ≥65% to ≤70% RH 

i assessed subjectively or instrumentally measured; threshold: according to          
Verhagen et al. (1988): ≤0.2 m/s 

j according to DLG (2010): lys:trp 1: ≥0.18 

k according to DLG (2010), according to weight class and daily weight gain of pigs 

l according to DLG (2010): ≤3% in feed ratio 

m sieved or assessed subjectively (“if not sieved: is it floury rather than coarse-grained?”) 
according to Kamphues et al. (2009):                                      

>15 to 20 % of 1mm particle size and <20% of 0.2mm particle size 
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Table 3: Distribution of category risk scores (CRS) in 1022 pens on 213 farms; N 

factors=number of risk factors per category; weight sum=risk sum achieved if all 

questions are answered and all risks are present. 

CRS N 
Weight 

sum 
Min Q1 Mean Median Q3 Max IQR 

comfort 16 656 0.0 18.2 25.2 25.4 32.0 57.4 13.8 

enrichment 13 399 0.0 22.4 36.3 31.9 44.4 100.0 22.0 

feed and water 15 498 0.0 11.5 20.6 20.1 28.7 54.2 17.1 

health 8 290 0.0 0.0 16.2 11.1 25.0 64.8 25.0 

stress 4 135 0.0 22.2 27.2 22.2 40.7 77.8 18.5 

 

 

Table 4: Results of mixed logistic regression models for the association between pen 

risk score (PRS, range 0 to 100) for tail biting and tail or ear lesions. The tail lesion 

model included farm as random factor, the ear lesion model included room, barn and 

farm as random factors. F=F-Value. Odds ratios (OR) with 95% confidence interval (CI) 

are presented for a PRS increase of 10 points and for an increase in group size of  

1 unit. N=213 farms. 

Outcome 
Independent 

variable 
F  p OR CI 

ear lesion 
PRS 18.90 <.001 1.74 1.35 2.23 

group size 5.87 0.016 1.12 1.02 1.23 

tail lesion 
PRS 9.84 0.002 1.49 1.16 1.90 

group size 0.84 0.361 1.04 0.96 1.13 
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Table 5: Results of logistic regression models for the association between category 

risk score (CRS, range 0 to 100) for tail biting and tail or ear lesions. F=F-Value.  

The tail lesion model included farm as random factor, the ear lesion model included 

barn and farm as random factors. Odds ratios (OR) with 95% confidence interval (CI) 

are presented for a CRS increase of 10 points and for an increase in group size of  

1 unit. 

Outcome 
Independent 

variable 
F p OR CI 

ear lesion group size 6.90 0.0088 1.012 1.003 1.022 

ear lesion CRS comfort 3.89 0.0491 1.167 1.001 1.361 

ear lesion CRS enrichment 4.50 0.0342 1.118 1.008 1.240 

ear lesion CRS stress 5.44 0.02 1.124 1.019 1.241 

tail lesion group size 0.67 0.4128 1.004 0.995 1.012 

tail lesion CRS comfort 3.87 0.0495 1.166 1.0 1.358 

tail lesion CRS health 12.50 0.0004 1.218 1.092 1.359 
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7 Discussion 

This thesis presents a comprehensive approach on the introduction of a German tail 

biting intervention tool (SchwIP) on conventional pig fattening farms, adapted to the 

German farm specifics. It is based on expertise on a large number of risk factors for 

tail biting and follows the principle of animal health and welfare planning. The 

expertise based on a knowledge data base in a tail biting advisory tool 

(‘HAT’; ‘husbandry advisory tool’) which was recently developed in the UK 

(TAYLOR et al. 2012). It was modified by an expert survey and by research on 

literature. The knowledge was integrated into the German tail biting tool and thus 

transferred to farmers, veterinarians and farm advisers. The relationship between 

independent risk categories included in the SchwIP and the prevailing tail and ear 

lesions were examined in an on-farm approach. The ability of the tool to represent 

the actual tail and ear biting risk on the farms was tested and confirmed in this study. 

7.1 Relationship between knowledge included in the tool and on-farm results 

The obtained on-farm data allow inferences about the importance of independent risk 

factor categories in tail biting prevention. 

The relationship between health-related risk factors and tail biting is well known and 

was reflected in all parts of this study. Respiratory diseases (coughing, sneezing or 

dyspnoea) represented the most common health impairment on farms dealing with 

tail biting problems, followed by variations in the pigs’ body sizes and the infection 

status with endoparasites (Ascaris suum) (see Paper III). The relationship to 

prevailing tail lesions was significant. The previously performed online expert survey 

resulted in a range of top factors which included draughts as well as high ammonia 

and dust concentrations in pen. These factors are known to influence the health of 

pigs negatively (SCHEEPENS et al. 1991; KÖFER et al. 1993; 

VON BORELL et al. 2007). Thus, the results of the on-farm application of SchwIP 

confirmed the value of health-related weights which were included in the programme 

of the tool and stipulated the importance of animal health in tail biting prevention.   
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It is noteworthy that, in the expert study, the expert clusters differed in 56% of clinical 

problem factors. The clusters differed in the number of experts which could be 

assigned to different professions related to pig farming. The cluster with many 

experts who worked on or advised farms on regular basis (‘practitioners’) weighted 

health-related risks significantly lower than experts of the other clusters (see Paper I). 

This indicates that persons with regular contact to pig farms, i.e. the ‘practitioners’, 

may have underestimated the strength of the impact such health risks might have. 

These persons may benefit from tools such as SchwIP which provide a neutral 

overview on the risk-situation on the farm as well as explanations why such risks are 

important. This could counteract the so-called ‘business myopia’. 

Since the microclimate in pig housings influences animal health 

(see Chapter 2.3.2.2), climate parameters were particularly considered in the 

SchwIP. Eleven of 16 factors within the category comfort were either climatic 

parameters (e.g. draughts) or climate-related (e.g. wallowing pigs). Comfort was 

related to tail and to ear biting (see Paper III). If the pigs’ environment is perceived as 

uncomfortable or as irritant by stakeholders, this subjective assessment should lead 

to further action. Veterinarians, farm advisers and farmers should regard the health 

impact of such climatic deteriorations and take suitable counter measures. Since the 

accuracy of subjective assessment of climatic parameters is different for each 

parameter (see Paper II), workshops for stakeholders on how to cope with 

deteriorating climate parameters are recommended. An even better solution would 

be to provide farms with sufficient measuring equipment. In the SchwIP, climatic data 

can be included as measured values or as subjective assessments. The possibility to 

assess subjectively may tempt the assessor to skip certain measurements to save 

some work time. The importance of subsequent instrumental measurement of 

climatic values which are subjectively found to be deviating from optimum is to be 

considered in the development of future intervention tools.  

The comfort category in SchwIP also included stocking density and pen 

design-related parameters. Lack of space (for lying recumbent) was the factor with 

the highest value of all weightings (70) defined by the experts, and a relatively high 
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stocking density (pigs have less space than [legal requirement + 10% extra space] in 

pen) was commonly found on the farms in our study. Sufficient space is, according to 

EFSA (2014), regarded as one of the most important factors in tail biting prevention. 

However, an absolute overcrowding which is non-compliant with the requirements of 

German legislation (ANONYMOUS 2001) was observed in at least one pen in 37% of 

the farms. Thus, this factor seems to be of particular importance in tail biting 

prevention. The factor ‘space’ was assessed very differently by the expert clusters. 

Again, the cluster containing most experts who worked on pig farms on regular basis 

weighted this particular risk significantly lower. The influence of overcrowding on tail 

biting is well understood (MOINARD et al. 2003). Perhaps, many stakeholders are 

still not aware of this correlation or deny accepting it due to financial considerations. 

However, pigs need sufficient space which allows them to behave naturally.  

Accordingly, § 11 (8) of the German Animal Welfare Act (ANONYMOUS 2006), 

demands that farmers perform internal on-farm controls to ensure that the 

requirements of § 2 (same legislation) are fulfilled. This § 2 demands that pigs are 

provided with sufficient space to perform “species appropriate movement”. 

Unfortunately, this legal requirement still seems not to be enforced in all farms. This 

is probably due to the fact that many stakeholders do not seem to know how to 

realise this requirement. It encompasses compliance with the minimum space 

requirements as demanded by ANONYMOUS (2001). Advisory tools like SchwIP 

could help stakeholders to evaluate this particular factor and should explain why 

sufficient space is so important.  

Enrichment-related risks were considered as very important by the experts. Both the 

absence of enrichment material (i.e. hay or straw) and withdrawal of such (the pigs 

had some material in earlier days but do not have any now) ranked among the top 

factors (median weight [MW] 50 for both factors) in the expert survey, but were not 

regarded as equally important as space, draughts and tail biting at an earlier point in 

time. Enrichment was a very controversial category and clusters differed in 81% of 

enrichment factors (see Paper I). A certain bias, likely based on profession, was 
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found: Again, experts with a ‘practical’ profession tended to weight these factors very 

low (10 of 13 factors weighted 0).  

In the general principles for the welfare of animals in livestock production systems, 

the World Organisation for Animal Health determines that in order to maintain 

welfare, farm animals must be allowed to “perform types of natural behaviour that 

animals are motivated to perform” (OIE 2014). There is no doubt that rooting and 

chewing are part of the nature of the pig (FEDDES and FRASER 1994; 

BEATTIE and O'CONNELL 2002). In order to prevent the redirection of such chewing 

behaviour to the tails of pen mates, enrichment material is highly recommended in 

tail biting prevention: the lack or the withdrawal of such is regarded as a main risk in 

tail biting development in the latest large-scale analysis (EFSA 2014) and is 

suspected to be highly detrimental on the pigs’ welfare. Interestingly, lack of 

enrichment material and insufficient renewal of enrichment objects (such as chains 

with plastic objects) were the most commonly found risk factors on participating 

farms. Thus, enrichment was actually the most commonly found risk category on the 

farms (see Paper III).  

It must be considered that in our study enrichment correlated only to lesions 

originating from ear biting. It can be assumed that the very low variance in the 

provision of enrichment between the pens explains the lack of relationship to tail 

lesions. The frequent appearance of enrichment-related risks along with the fact that 

these risks are considered of little importance by the experts of mainly ‘practical’ 

backgrounds suggests that much remains to be done in this field. This includes to 

raise awareness of the farmers, veterinarians and stakeholders and to convince them 

that enrichment is beneficial to animal welfare and also to productivity. Aside from 

this, the provision of a sufficient quantity of modifiable and movable enrichment 

material is required by law (ANONYMOUS 2001). As stated by the European 

Commission, it remains a need of the EU welfare policy to express the value of 

animal welfare in economic terms (ANONYMOUS 2012).  

A relationship between stress and ear lesions was found. This category included 

mixing on transportations, the number of transportations, restless pigs and mixing of 
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pigs on the farm; mixing on transportations and transportation itself were common on 

participating farms (see Paper III). All stress-related risk factors received somewhat 

moderate weightings in the expert survey and expert cluster groups seemed to agree 

in the weightings as well; hence, the participating experts seemed to be consistent in 

the finding that stress-increasing events presumably relate to the tail biting risk 

(EKKEL et al. 1995). A relationship between stress and tail lesions was not confirmed 

in our study (see Paper III). It has to be taken into account that ‘stress’ was the 

category with the lowest number of factors in it, which might have influenced this 

result. Nevertheless, concerning mixing and transportations, both lead to a situation 

where the pig has to cope with a new situation (new pen mates and a new group 

hierarchy) and/or to a confrontation with a new spectrum of microorganisms in the 

foreign surrounding, which might have promoted ear lesions, which are suspected to 

be linked infectious agents (PRINGLE et al. 2009). 

Deficiencies in water supply were commonly found on the visited farms. A too low 

water flow rate at the drinker with the lowest flow rate was found in at least one pen 

in 69% of the farms. This factor seems to be a bit under-evaluated, both in expert 

opinion and in the stakeholders’ interest as well as in the SchwIP tool. Both, water 

flow rate and number of drinkers as well as the cleanliness of drinkers were weighted 

lowly by the experts (see Paper I). However, too high or too low drinker flow rates 

were very common on farms. The water flow rate in the drinkers may influence the 

health and the production performance of pigs (GONYOU 1996) and water is 

essential for the pigs (KASHIHA et al. 2013). The World Organisation for Animal 

Health states in its general principles for the welfare of animals in livestock 

production systems that animals should have access to water that suits their age and 

needs in order to maintain health and to prevent thirst and dehydration (OIE 2014). 

The farmer is legally obliged to fulfil this need (ANONYMOUS 2008). Thus, the 

SchwIP could be improved by a higher weighting of the factor ‘water’. Not only 

stakeholders, but also tools which suggest improvement should strive to the fulfilment 

of basic needs in order to ensure most possible welfare. The SchwIP should be 

modified in this respect, e.g. by attaching higher weights to such factors of basic 

need and by giving more explicit improvement suggestions that emphasize the 
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importance of such needs. Neither feed nor water were related to tail or ear lesions. 

This finding is surprising since nutritional deficiencies have long been suspected to 

cause tail biting development (FRASER 1987; COLYER 1970). Mean risk and 

variation in the risk of this category were rather low (see Paper III), which might have 

influenced the study results.  

7.2 SchwIP as holistic concept of risk assessment and knowledge transfer 

SchwIP is based on a holistic approach which takes the multicausality of tail biting 

into account. Our on-farm results indicate that there was a great variation found in 

risks on different farms. Some farms displayed few risks, but nevertheless had tail 

biting problems (see Paper III). Even these farms benefit from risk analyses as 

carried out by the SchwIP. During SchwIP application, a neutral overview on the farm 

is provided, which helps to detect particular areas for potential improvement, even on 

well-managed farms. 

The multifactorial approach of the SchwIP was adequate. The total risk score 

reported by the tool after each farm visit was related to the actual tail and ear biting 

prevalence on the examined farms (see Paper III).  

The application of SchwIP on problem farms was effective: Only 7 farmers did not 

decide on improvement measures in 2012 and 78% of the chosen measures were 

fully or partly implemented by the farmers. Based on this, the total risk score for tail 

biting decreased from 2012 to 2013 (a decrease was found on 69.7% of the farms; 

the median total risk score decreased from 30.4% in 2012 to 25.8% in 2013) and in 

2013 significantly less tail and ear lesions (significant decrease in median lesion 

prevalence of all animals assessed on farm) were found (vom Brocke, A.L., 2014, 

personal communication1). The success of the risk reducing measures also became 

apparent when the pigs were slaughtered. The prevalence of tail lesions of the farms 

evaluated with SchwIP (‘SchwIP-farms’) decreased significantly at abattoir within one 

year (from winter 2012 to autumn 2013): in winter 2012, the median farm prevalence 

on SchwIP-farms was 32.2% and on control farms 23.8%. The median farm 
                                                            
1
VOM BROCKE et al. (2014): Reducing tail biting risk on German fattening pig farms with a management tool for 

risk planning. In preparation. 
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prevalence of tail lesions on SchwIP-farms was not significantly higher during the 

remainder of the year 2013 compared to control farms (vom Brocke, A.L., 2014, 

personal communication2); therefore, the application of the SchwIP seemed to help in 

decreasing tail lesion prevalences on SchwIP-farms to an average farm level. 

SchwIP may also be suitable to serve as a tool for the internal on-farm control, as 

required, most recently, by the German Animal Welfare Act (ANONYMOUS 2006) 

since it includes a large scale of animal-based welfare indicators. SchwIP is even 

interesting for farms that do not have tail biting problems, since the improvement of 

on-farm animal welfare will increasingly be a major concern for every stakeholder. In 

2012, the European Commission communicated aims in the improvement of animal 

welfare in its European Union Strategy for the Protection and Welfare of Animals 

2012-2015 (ANONYMOUS 2012). It questions a ‘one fits all’ approach for the 

achievement of better welfare outcomes on farms, since the diversity of the farming 

systems and land realities in different EU countries had to be regarded.  

Thus, a need was expressed for individual approaches that tackle common welfare 

problems in a holistic manner. The farm-individual approach of SchwIP does meet 

these criteria, but is limited to the area of fattening pigs. The European Commission 

stated that “many stakeholders lack sufficient knowledge about animal welfare” and 

identified this, amongst others, as “main common driver[s] affecting the welfare 

status of animals in the Union” (ANONYMOUS 2012). This communication 

suggested a strategy based on the development of “tools, including welfare-relevant 

implementing plans”. Advisory tools like SchwIP follow this strategy by combining 

background knowledge with farm-specific risk analysis, applied according to the 

principles of animal health and welfare planning, as, for example, described by 

IVEMEYER et al. (2012). All suggestions for improvement are science-based, which 

minimizes the risk of advice that is based only on personal opinion. It can be applied 

on farms without requiring broad experience of the applicants in all fields of farm 

advising. The knowledge transfer of SchwIP from the start of teaching the distributors 

(see Chapter 3) in the usage of the tool which led to a lower tail biting prevalence at 
                                                            
2
 VOM BROCKE et al. (2014): Tail lesions in German fattening pigs: relationship with post mortem meat 

inspection and influence of a tail biting management tool. In preparation. 
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the abattoir through to a resulting on-farm risk reduction (vom Brocke, A.L., 2014, 

personal communication2) underlines the success of such holistic approaches.  

The European Commission aimed at a simplification of the EU legislation that should 

include the use of science-based animal welfare indicators (ANONYMOUS 2012). 

The German Association for Technology and Structures in Agriculture e.V. 

(‘Kuratorium für Technik und Bauwesen in der Landwirtschaft e.V.’, KTBL) defined 

animal based indicators which are suitable for performing an internal on-farm control 

as requested by German legislation (ANONYMOUS 2006). The KTBL states that 

management tools should provide stakeholders with clear formulations and didactic 

aids and suggested to include the following parameters for fattening pigs (Schrader, 

L., 2014, personal communication): 

• Health-related indicators (i.e. coughing animals, indications of gastrointestinal 

disorders, lameness, vitality, body condition score, data on the use of 

medication, mortality) 
 

• Assessment of lesions (i.e. tail, ear, other body parts) 
 

• Production parameters (i.e. daily weight gain, abattoir data) 
 

• Feed and water supply (i.e. grinding intensity of feed) 
 

• Degree of soiling of the pigs’ bodies 
 

The SchwIP contains the vast majority of these parameters. However, not all of these 

indicators are weighted in SchwIP (see Paper III). Thus, there is an opportunity for 

some improvement in SchwIP, since only weighted factors were represented 

graphically in the risk assessment report, by means of green and red bars 

(compensated and fulfilled risks). If the SchwIP were further developed for a broader 

approach for improvement of animal welfare, the missing health-related parameters 

(i.e. additional abattoir data, body condition score) should be included in the tool. 

Infringements of legal provisions could be highlighted in the risk assessment report, 

but it has to be noted that this might lead to a concentration of the farmer’s 

improvement measures only in this area. Moreover, the term ‘animal-based welfare 
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indicator’ is not yet used in SchwIP. The tool includes an information sheet on the 

use and the aims of SchwIP, where this term could be integrated.  

Stakeholders would benefit if SchwIP were applicable not only in fattening farms, but 

also in rearing, since tail biting occurs in weaned piglets as well 

(ZONDERLAND et al. 2010). During the preparation of this thesis, several German 

states (i.e. North Rhine-Westphalia or Lower Saxony) prepared to legislate the 

withdrawal from the common practice of tail docking in Germany. If, however, this 

initiative is to succeed without major damage on the pigs’ welfare, farmers will need 

massive support in tail biting prevention, both in rearing as well as in fattening. 

Moreover, farmers should be prepared to change general practices in pig husbandry. 

The SchwIP can support farmers in this major task. 

In conclusion, the animal health and welfare planning approach of the tail biting 

intervention tool SchwIP considers the multicausality of tail biting adequately. It 

includes a large range of animal-based and resource-based welfare indicators which 

are regarded as important by superordinate institutions in science and politics. The 

risk assessment report as generated by the tool reflects the actual tail (and ear) biting 

situation on problem farms and encourages farmers to decide on risk-reducing 

measures. 

This thesis helps to support the understanding of the multifactorial risk of tail biting 

and provides practical advice on how to tackle this major welfare and economic 

problem.
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8 Summary 

Dana Patricia Madey 

Evaluation of a software–based intervention tool for the reduction of tail biting 

in German fattening pigs 

A tail biting intervention tool SchwIP (‘Schwanzbeiß-Interventions-Programm’, 

German wording for ‘tail biting intervention programme’) was developed and 

evaluated on German fattening farms with tail biting problems.  

Prior to the programming and to the on-farm application of the tool, an expert survey 

was conducted in order to gain a most comprehensive list of risk factors relating to 

tail biting in German pig husbandry. The experts attached weightings to the risk 

factors according to their impact on tail biting. Most risk factors originated from the 

tail biting husbandry advisory tool (‘HAT’) which recently has been developed in the 

UK (TAYLOR et al. 2012). The knowledge obtained in the expert survey served as 

basis for the SchwIP. The SchwIP was applied on 213 farms where tail biting was 

present. The application of the tool included an evaluation of climatic conditions, 

which could be assessed subjectively and/or measured instrumentally. 

The objectives of this dissertation were to obtain expert knowledge on tail biting 

causations, to analyse the reliability of subjective assessments of climatic parameters 

during the application of the tool and to examine whether the tool was able to reflect 

the actual tail biting (and ear biting) situation on the farms and whether certain risk 

categories have special importance in tail biting prevention.  

The expert survey was carried out using an online survey platform. Pig husbandry 

experts of various educational backgrounds returned 58 questionnaires for each of 

them 86 tail biting related risk factors were weighted. The survey made a systematic 

investigation of the tail biting impact of each factor possible and it was examined as 

to whether or not the educational background of an expert might have influenced 

his/her assessment of risks. The expert survey resulted in highest weightings of the 
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following factors: lack of space for lying recumbent, presence of ear biting, draughts 

in the lying area, tail biting at an earlier date in the group of pigs, tail docking 

(remaining tail <½ natural length), high ammonia and/or dust concentration in air, 

<3% fibre in feed, spoiled/foul components in the feed, absence of enrichment 

material (e.g. straw), withdrawal of enrichment material and observation of flank/belly 

nosing or sucking. Although the expert opinion was not related to their previous 

education, a certain bias in expert opinion indicated that current profession might 

have affected their opinion. The received weightings served as a basis for the further 

programming of the tail biting tool.  

SchwIP was applied twice with a time-interval of approximately 12 months between 

June 2012 and November 2013 on 213 volunteering farms with tail biting problems. 

With the help of SchwIP, 56 weighted risk factors (and other risk factors not attached 

with weightings) were evaluated on each farm. After each visit, the SchwIP 

generated a farm-specific risk assessment report. Based on this report, the farmers 

decided on risk-reducing changes (measures) on their farms. During the second visit 

in 2013, the degree of implementation of the tail biting reducing measures was 

examined. 71 of the participating farms were visited by a veterinary scientist of the 

SchwIP working group (the author of this thesis), 142 farms were visited by 84 

trained multiplicators (veterinarians and farm advisers) after having participated in 

workshops on the usage of the SchwIP. In particular, on the 71 above-mentioned 

farms, both subjective assessment and instrumental measurement of climatic 

parameters were performed in the same pens. Instrumental measurements and 

subjective assessments were carried out by two different persons. The accuracy of 

the subjective assessment of climatic parameters in pig housing systems was 

examined.  

Suboptimal climatic conditions were found in many pens on the farms. The effectivity 

to subjectively identify values outside of the pre-specified reference ranges proved to 

be highest for ammonia and lowest for relative humidity and draughts. An increase of 

agreement between instrument and observer over the time period of all visits was 

found for relative humidity, air velocity and air temperature. Received data serve as 
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an initial overview of the validity of such estimations, but have to be interpreted with 

care due to the fact that the subjective assessments were carried out by one single 

person. 

The evaluation of the farms with the help of the SchwIP showed that these farms had 

a high variation in risk factors and some farms were actually quite good in managing 

tail biting risks. The individual overall pen risk score as generated by the SchwIP for 

each farm was indeed related to the presence of tail lesions and ear lesions. In 

particular, tail lesions were related to health and comfort, whereas ear lesions related 

to enrichment-, comfort- and stress-related risks. The exclusive participation of farms 

with tail biting problems and the evaluation of problem-based pens (mainly pens with 

tail bitten pigs were evaluated) led to limitations in the interpretation of the on-farm 

results. These limitations are discussed with special emphasis on the 

representativeness of the obtained data. 

In conclusion, the software-based tail biting intervention tool SchwIP can help to 

understand the case of tail biting and supports the farmers in resolving this major 

welfare and economic problem. 
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9 Zusammenfassung 

Dana Patricia Madey 

Evaluation eines software–basierten Interventions–Tools zur Reduzierung von 

Schwanzbeißen bei deutschen Mastschweinen 

Im Rahmen der vorliegenden Arbeit wurde ein Schwanzbeiß-Interventions-Tool 

(‘Schwanzbeiß-Interventions-Programm’, kurz ‘SchwIP‘) entwickelt und auf 

deutschen Schweinemastbetrieben, die Probleme mit Schwanzbeißen aufwiesen, 

evaluiert. Das SchwIP basiert auf dem Prinzip des ‘animal health and welfare 

planning’ (zu Deutsch: ‘Tiergesundheits- und Tierwohlpläne’): Die Management-Hilfe 

wird von einer betriebsfremden Person (beispielsweise einer Tierärztin/einem 

Tierarzt oder einer Beraterin/einem Berater) angewendet. Unter anderem werden 

Daten zum Betriebsmanagement, zu baulichen Gegebenheiten, zu Klima und 

Fütterung sowie tier- und verhaltensbezogene Daten erfasst. Auf der Basis des vom 

SchwIP generierten Risikoberichts kann der/die Landwirt(in)/Betriebsleiter(in) einen 

Maßnahmenplan zur Senkung des Schwanzbeiß-Risikos auf seinem/ihrem Betrieb 

erstellen und hält diesen schriftlich fest. Die Anwendung des Tools kann beliebig oft 

wiederholt und der Erfolg der umgesetzten Maßnahmen kontrolliert werden. 

Vor der Programmierung der Management-Hilfe SchwIP und deren Anwendung auf 

den Betrieben wurde zunächst eine Expertenbefragung durchgeführt, um eine 

möglichst umfassende Datenbank von Risikofaktoren, die einen Einfluss auf 

Schwanzbeißen in deutschen Schweinehaltungsbetrieben haben können, zu 

erhalten. Die Experten vergaben Gewichtungen für jeden Risikofaktor unter 

Berücksichtigung der Einflussstärke jedes Faktors auf das Risiko für ein Vorkommen 

von Schwanzbeißen. Das so erlange Fachwissen diente als Basis für die 

Programmierung des Schwanzbeiß-Interventions-Tools. 

Die Expertenbefragung wurde unter Zuhilfenahme einer Internetseite für 

Online-Umfragen durchgeführt. Die meisten Risikofaktoren wurden aus dem kürzlich 
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in Großbritannien entwickelten ‘Husbandry Advisory Tool’ (kurz ‘HAT’, zu Deutsch: 

‘Tierhaltungs-Beratungs-Tool’) (TAYLOR et al. 2012), das als Grundlage für das 

SchwIP diente, entnommen. Die Liste der Risikofaktoren wurde nach eingehender 

Literaturrecherche und Konsultation von Beratern und Tierärzten erweitert, um sie an 

deutsche Verhältnisse anzupassen.  

Experten mit unterschiedlichem beruflichen Hintergrund (beispielsweise Tierärzte, 

Landwirte, Biologen, Agrarwissenschaftler und Ökonomen) wurden zunächst 

telefonisch kontaktiert und gebeten, an der Umfrage zu teilzunehmen. Wenn sie 

Bereitschaft zur Teilnahme signalisierten, wurde ihnen der Link zu der 

Umfrage-Website per Email zugesandt. Im Zeitraum vom 23. November 2011 bis 

18. Januar 2012 konnten die Teilnehmer die Internetseite aufrufen und an der Studie 

teilnehmen. Von 107 ursprünglich kontaktieren Experten wurden 58 Antwortbögen 

zurückübermittelt, wobei in drei Fällen die Experten in Gruppen geantwortet hatten. 

Jede dieser Antwortdateien enthielt die Gewichtungen, die die Experten für jeweils 

86 Risikofaktoren vergeben hatten. Die Expertenbefragung ermöglichte es, jeden 

Faktor mit Hinblick auf dessen Einfluss auf Schwanzbeißen zu untersuchen. Zudem 

wurde analysiert, ob die Berufsausbildung der Experten deren Bewertung der 

Risikofaktoren beeinflusst haben könnte. 

Die Expertenbefragung resultierte in höchsten Gewichtungen der folgenden 

Faktoren: Mangel an ausreichendem Platz für Ruheliegeverhalten, Vorhandensein 

von Ohrbeißen, Zugluft im Liegebereich, Schwanzbeißen, das bereits zu einem 

früheren Zeitpunkt in der Buchtengruppe aufgetreten war, Schwanzkupieren (sodass 

weniger als die Hälfte der ursprünglichen Schwanzlänge bestehen bleibt), hohe 

Gehalte an Ammoniak und/oder Staub in der Stall-Luft, <3% Rohfasergehalt in der 

Futterration, verdorbenes Futter, Abwesenheit von Beschäftigungsmaterial 

(beispielsweise Stroh), Entzug von Beschäftigungsmaterial (die Schweine hatten 

welches zu einem früheren Zeitpunkt und haben jetzt keines mehr) sowie das 

Beobachten von Flankenbeißen/‘belly nosing’ (Stoßen mit der Nase nach dem Bauch 

eines Buchtengenossen) oder das Besaugen dieser Körperregionen. Die derzeitige 

berufliche Tätigkeit der Experten (‘Praktiker’ im Vergleich zu ‘eher wissenschaftlich 
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ausgerichtet‘ ohne regelmäßiges Betätigungsfeld auf Betrieben) schien die 

Ausrichtung der Expertenmeinung stärker zu beeinflussen als die ursprüngliche 

Berufsausbildung. Die Expertengewichtungen wurden als Grundlage für die 

Programmierung des Tools verwendet. 

Nach der Programmierung des SchwIP und einer Versuchsphase, in der die 

Management-Hilfe auf Betrieben zunächst getestet und verbessert wurde, wurde das 

fertige SchwIP jeweils zweimal im Abstand von etwa 12 Monaten auf 213 

Schweinemastbetrieben, auf denen Schwanzbeißen vorkam (im Folgenden 

‘Problembetriebe’ genannt), angewendet. Der Zeitraum der Betriebsbesuche 

erstreckte sich von Juni bis November in beiden Jahren. 71 der teilnehmenden 

Betriebe wurden von einer Tierärztin der SchwIP-Arbeitsgruppe (der Autorin der 

vorliegenden Arbeit) besucht. 142 weitere Betriebe wurden von 84 Beratern und 

Tierärzten, die zuvor an Schulungen zur Anwendung des SchwIP teilgenommen 

hatten, besucht. Diese Schulungen wurden zu Beginn des Projekts von einer 

Agrarwissenschaftlerin der SchwIP-Arbeitsgruppe abgehalten. In Gruppen mit bis zu 

zehn Teilnehmern wurde die Funktionsweise des SchwIP sowie dessen 

wissenschaftlicher Hintergrund erklärt. Die Teilnehmer konnten hierbei die 

Anwendung des SchwIP auf einem Beispielbetrieb üben und wurden bei der 

Erstellung des Risikoberichts, den das SchwIP generiert, von der Schulungsleiterin 

unterstützt. Nach den Schulungen evaluierten die Teilnehmer (im Folgenden 

‘Multiplikatoren’ genannt) mittels des SchwIP von ihnen betreute Problembetriebe. 

Die Multiplikatoren übermittelten die gewonnenen Daten danach an die SchwIP-

Arbeitsgruppe. Teilnehmerbetriebe wurden entweder direkt durch die Multiplikatoren 

rekrutiert oder meldeten sich nach Aufrufen in Zeitschriften oder nach 

Projektvorstellungen auf Veranstaltungen freiwillig. 

Mithilfe des SchwIP wurden 56 gewichtete Risikofaktoren (und andere, nicht 

gewichtete Risikofaktoren) auf jedem Problembetrieb erhoben. Nach jedem Besuch 

generierte das SchwIP einen betriebsspezifischen Risikobericht. Auf Basis dieses 

Berichts beschlossen die Landwirte/Landwirtinnen Maßnahmen, um das 
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Schwanzbeiß-Risiko auf ihren Betrieben zu senken. Während des zweiten Besuchs 

in 2013 wurde der Grad der Umsetzung dieser Maßnahmen miterfasst.  

Die Anwendung des SchwIP bezog unter anderem eine Evaluation von Klimadaten 

(Ammoniak, relative Luftfeuchtigkeit, Luftbewegung, Beleuchtungsstärke und 

Lufttemperatur) mit ein. Auf den 71 Betrieben, die von der Autorin dieser Arbeit 

besucht wurden, wurde als Teilprojekt eine gesonderte Erfassung von Klimadaten 

durchgeführt. Während die Multiplikatoren die Klimadaten überwiegend subjektiv 

einschätzen, wurde auf den 71 oben genannten Betrieben neben der subjektiven 

Einschätzung in denselben Buchten eine technische Messung von Klimaparametern 

durchgeführt. Einschätzung und Messung wurden von zwei verschiedenen, räumlich 

getrennten Personen vollzogen. Die Sensitivität und Spezifität der subjektiven 

Beurteilung der Klimaparameter in den Schweineställen wurde später analysiert, 

außerdem der Grad der Übereinstimmung zwischen Schätz- und Messwerten.  

Vom Optimum abweichende klimatische Bedingungen wurden auf vielen Betrieben 

mit Problembuchten gefunden. Die Effektivität der subjektiven Identifikation von 

Buchten mit Klimaparametern, die vom Optimum abwichen, war am höchsten für 

Ammoniak (Sensitivität=0,72) und am niedrigsten für die Einschätzung der relativen 

Luftfeuchte als ‘zu niedrig‘ (verglichen mit ‘Luftfeuchte im Referenzbereich‘, 

Sensitivität=0,44) und der Luftbewegung (Sensitivität=0,47). Eine geringfügige 

Steigerung des Übereinstimmungsgrads zwischen subjektiver Einschätzung und 

technischer Messung über den Zeitraum der Betriebsbesuche wurde für relative 

Luftfeuchte, Luftbewegung und Lufttemperatur gefunden. Der Übereinstimmungsgrad 

zwischen subjektiver Einschätzung und technischer Messung zeigte für Ammoniak 

und Lichtintensität keine Veränderung, es gab hierfür daher zumindest keinen 

‘Gewöhnungseffekt‘ (=Verringerung des Übereinstimmungsgrades). Die Ergebnisse 

dieser Auswertung dienen als erster Überblick über die Validität solch subjektiver 

Einschätzungen und müssen mit Vorsicht interpretiert werden, da sie auf den 

subjektiven Einschätzungen einer Einzelperson beruhen.  

Des Weiteren sollte untersucht werden, inwiefern die Management-Hilfe SchwIP in 

der Lage war, das tatsächliche Schwanzbeiß-Risiko (und das Risiko für ein Auftreten 
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von Ohrbeißen) auf den Problembetrieben widerzuspiegeln. Außerdem wurde 

ermittelt, welchen einzelnen Risiko-Kategorien besondere Bedeutung bei der 

Vorbeugung von Schwanzbeißen zukommt. Dazu wurden die im SchwIP enthaltenen 

Risiken den 5 Kategorien ‘Stress’, ‘Tiergesundheit’, ‘Beschäftigung’, ‘Futter und 

Wasser’ und ‘Komfort’ zugeordnet. 

Die Evaluation aller 213 Problembetriebe mithilfe des SchwIP in 2012 zeigte, dass 

eine große Variation zwischen den Betrieben hinsichtlich des Gesamtrisikos für 

Schwanzbeißen bestand. Auf einigen Betrieben wurde das Risiko bereits sehr 

effektiv reduziert, auf anderen Betrieben wurden zum Teil hohe Risiken in allen 

Bereichen gefunden.  

Am häufigsten wurden folgende Risiken auf den Betrieben gefunden: unzureichende 

Erneuerung/Austausch von Beschäftigungsobjekten (beispielsweise Ketten mit 

Kunststoff-Objekten), Abwesenheit von Beschäftigungsmaterial (beispielsweise 

Stroh), fehlende Abkühlungsmöglichkeiten, zu hohe Lufttemperaturen, 

Neugruppierung der Schweine auf Transporten, zu niedrige oder zu hohe 

Durchflussraten an den Tränken, relativ hohe Besatzdichte (=weniger Platz als 

[gesetzliche Vorschrift über das Mindestplatzangebot+10% zusätzlich] pro Tier), 

unzureichende Aufteilung der Bucht in Funktionsbereiche und Anzeichen für 

Atemwegserkrankungen (Husten, Niesen oder Dyspnoe).  

Der individuelle Gesamt-Risiko-Score (‘overall pen risk score’), die das SchwIP im 

Rahmen einer Anwendung für jeden Betrieb generiert, war repräsentativ für das 

tatsächliche Schwanzbeiß-Risiko (und das Risiko für Ohrbeißen) pro Betrieb: Ein 

signifikanter Zusammenhang zwischen diesem Gesamt-Score und dem 

Vorhandensein von Schwanz- und Ohrläsionen wurde gefunden. Stieg der 

Gesamt-Score pro Bucht um 10% an, wurde ein gleichzeitiger Anstieg von 

Schwanzläsionen (Blut am Schwanz, entzündliche Schwellung des Schwanzes, 

Teil- oder Vollverlust des Schwanzes) um den Faktor 1,49 und ein Anstieg von 

Ohrläsionen (blutiges Ohr oder Kruste auf dem Ohr) um den Faktor 1,74 gefunden. 

Außerdem erwiesen sich bestimmte Risiko-Kategorien als scheinbar besonders 

bedeutsam für die Entwicklung von Schwanz- und Ohrbeißen: Schwanzläsionen 

standen mit den Risiko-Kategorien ‘Tiergesundheit’ und ‘Komfort’, Ohrläsionen mit 
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‘Beschäftigung’, ‘Komfort’ und ‘Stress’ im Zusammenhang.  

Die Anwendung des SchwIP auf den Problembetrieben erwies sich als effektiv: Nur 

sieben Landwirte/Landwirtinnen beschlossen nach der ersten Erhebungsrunde keine 

Verbesserungsmaßnahmen und 78% der Maßnahmen wurden vollständig oder 

teilweise implementiert. Der individuelle Gesamt-Score wurde von 30,4% (2012) auf 

25,8% (2013) gesenkt und 2013 wurden signifikant weniger Schwanz- und 

Ohrläsionen gefunden (vom Brocke, A.L., 2014, persönliche Kommunikation3). Am 

Schlachthof, wo 32 der Teilnehmerbetriebe mittels Foto-Monitoring nachverfolgt 

wurden, sank die Prävalenz von Schwanzverletzungen im Verlauf eines Jahres (vom 

Brocke, A.L., 2014, persönliche Kommunikation4). 

Die hauptsächliche Einbeziehung von Problembetrieben in die Studie und die 

Evaluation von Buchten, in denen größtenteils aktuell Schwanzbeißen vorkam, führt 

dazu, dass die Ergebnisse der Anwendung des SchwIP auf den Betrieben mit 

Vorsicht zu interpretieren sind. Wegen dieser problemorientierten Auswahl kann 

keine grundsätzliche Aussage über die Risiko-Situation auf deutschen 

Schweinehaltungsbetrieben getroffen werden. Diese Limitation der Repräsentativität 

der Daten wurde diskutiert. 

Zusammenfassend lässt sich sagen, dass das software-basierte Schwanzbeiß-

Interventions-Tool SchwIP helfen kann, die Hintergründe von Schwanzbeißen besser 

zu erfassen und zu verstehen. Schwanzbeißen kann das Wohlbefinden der Tiere 

stark beeinträchtigen und den Landwirt finanziell belasten; die Anwendung von 

SchwIP kann den Tierhalter bei der Bewältigung dieses bedeutenden 

Tierschutz- und ökonomischen Problems in der Schweinemast unterstützen.

                                                            
3
 VOM BROCKE et al. (2014): Reducing tail biting risk on German fattening pig farms with a management tool 

for risk planning. In Vorbereitung. 
4
 VOM BROCKE et al. (2014): Tail lesions in German fattening pigs: relationship with post mortem meat 

inspection and influence of a tail biting management tool. In Vorbereitung. 
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