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GENERAL INTRODUCTION 

Tail-biting is known to be caused by multifactorial genesis (Schrøder-Petersen and 

Simonsen, 2001) including diverse factors of influence (EFSA, 2007; Taylor et al., 

2010; Grümpel et al., 2018). These can be, for example, climate (Schrøder-Petersen 

and Simonsen, 2001), management parameters such as housing (McGlone et al., 

1990; Abriel and Jais, 2013), space allowance (Abriel and Jais, 2014; Vermeer et al., 

2014), group size (Randolph et al., 1981; Meyer-Hamme et al., 2016), stocking density 

(Fu et al., 2016; Larsen et al., 2018b), weaning process (D'Eath, 2005; Weary et al., 

2008; Veit et al., 2017), the provision of occupation material (Veit et al., 2016; Galli et 

al., 2018), feed composition and feeding management (Rasmussen et al., 2006; da 

Silva et al., 2012), and intrinsic parameters such as health status (Munsterhjelm et al., 

2017) or stress-coping strategies (Koolhaas et al., 1999). Benard et al. (2013) 

compared tail-biting behaviour to a bucket that spills over when different risk factors 

come together. This means that pigs are able to deal with some negative influencing 

factors if the overall circumstances under which they live are optimised. Nonetheless, 

ideally, all influencing parameters should be optimised to minimise the risk of tail-biting, 

which is difficult under practical conditions. Moreover, a factor that leads to tail-biting 

need not be the factor with the highest risk. Despite a huge number of studies on tail-

biting during the last decades, no general solution is yet known to keep undocked pigs 

without the occurrence of tail-biting under the conditions of conventional pig farming. 

Although, there is still a slight risk for tail-biting in alternative husbandry systems, the 

prevalence is considerably lower than under conventional conditions (Cox and Cooper, 

2001). The need for a better understanding of the genesis of tail-biting led to this thesis, 

which focused on two factors of influence: feed composition and feeding management.  

Especially the intestinal health of pigs can be influenced by optimising the ration. 

Crude fibre has several positive effects on the intestinal tract (Wenk, 2001; Holinger et 

al., 2018), namely a prolonged feeling of satiety due to longer retention time in the 

stomach and longer time for digestion (de Leeuw et al., 2008; da Silva et al., 2012) and 

the decrease in the production of stomach acid, which improves the stomach’s health 

by reducing the risk of gastric ulcers (Di Martino et al., 2013; Holinger et al., 2018). 
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Furthermore, crude fibre stimulates the intestinal wall mechanically, which leads to 

improved intestinal motility. Due to the inability of crude fibre to pass the intestinal wall, 

water is kept in the intestinal lumen (van Leeuwen and Jansman, 2007; da Silva et al., 

2012). These two effects lead to improved faeces quality and prevent obstipation 

(Wenk, 2001). Thus, crude fibre can potentially reduce the risk of tail-biting. The 'crude 

fibre study' in this thesis analysed the influence of crude fibre in weaning pigs’ ration 

on the occurrence of tail-biting during the rearing period. For this purpose, two trials 

were conducted. In the first trial, a higher crude fibre content, and in the second, 

different crude fibre components were compared with the hypothesis that a higher and 

optimised content of crude fibre in piglets’ ration improves the health status of the 

animals and thus leads to a reduction in tail-biting.  

As feeding management also influences the genesis of tail-biting (Keeling et al., 

2012), two feeding systems were compared in the 'animal-to-feeding-place ratio study': 

one with a conventional short trough and an animal-to-feeding-place ratio of 4:1 and 

one with a long trough and an animal-to-feeding-place ratio of 1:1, respectively. An 

animal-to-feeding-place ratio of 1:1 provides natural feeding behaviour where all pigs 

in a group can feed at the same time (Stolba and Wood-Gush, 1989; Young and 

Lawrence, 1994). Another known factor of influence on tail-biting is the animals’ stress 

level (Schrøder-Petersen and Simonsen, 2001; Moinard et al., 2003; EFSA, 2007; 

Munsterhjelm et al., 2013; Grümpel et al., 2018). In stressful situations, the production 

of cortisol increases (Janssens et al., 1995). Such stressful situations could be caused 

by an inadequate animal-to-feeding-place ratio. Furthermore, the general health status 

of an animal has an important influence within the genesis of tail-biting (EFSA, 2007) 

as well. At the beginning of life, piglets are protected by maternal immunoglobulins 

(Hunter, 1986; Rooke and Bland, 2002). After contact with antigens, the piglets start 

to produce their own immunoglobulins. This period when maternal immunoglobulins 

decrease and before the piglets’ immunoglobulins reach an effective level is called the 

immunological gap. During this time, it may be the case that there is no adequate 

immunological protection, hence, the risk of infection peaks. However, an infection or 

vaccination is needed to remove the immunological gap by developing a specific 

immune response.  
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Thus, the aim of the present thesis was to analyse the influence of feed composition 

and feeding management on tail-biting in undocked weaning pigs during rearing under 

conventional conditions. Emphasis was thereby on increased crude fibre percentages 

and different crude fibre components, respectively, and a higher animal-to-feeding-

place ratio.  

Different scoring keys evaluating tail-damage and tail-posture were compared in a 

Literature Review, which included not only studies investigating tail-biting, but also 

animal welfare or behavioural patterns. The scoring keys used were analysed 

concerning the different parameters and their expressions, the capability to detect tail-

biting and to differentiate between the three forms of tail-biting, the usability for 

scientific questions or to integrate into the farmers’ daily routine and the comparability 

between studies. Moreover, the advantages and disadvantages of the different scoring 

keys were discussed.  

The influence of a higher crude fibre content and different crude fibre components 

in piglets’ ration on tail-biting in weaning pigs during rearing is the subject of Chapter 

One. Thereby, the increased percentages of crude fibre and different crude fibre 

components were tested in two separate trials.  

Chapter Two introduces the study, which analysed the influence of a higher animal-

to-feeding-place ratio on tail-biting in weaning pigs during rearing. Therefore, pens with 

a conventional short trough (animal-to-feeding-place ratio of 4:1) were compared to 

pens with a long trough (animal-to-feeding-place ratio of 1:1). Furthermore, the stress 

level and the immunological status of the piglets in both treatment groups were 

compared by taking blood samples and analysing the plasma cortisol and 

immunoglobulins G and M. Moreover, connection between the blood parameters and 

tail-losses at the end of the rearing period was analysed. 

In the General Discussion, aspects which affect both studies are comprehensively 

discussed, such as the multifactorial genesis of tail-biting, the influence of the batch 

effect and the importance of an intensive animal observation to minimise the risk of 

tail-biting. Furthermore, possible further advancements in animal observation are 

presented.
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Abstract 

One of the main challenges in present pig production is tail-biting, thus this subject 

has been the focus of several studies. Diverse scoring keys that consider different 

parameters such as tail-lesions, blood-freshness, swelling, tail-losses and tail-posture 

are usually applied to evaluate tail-biting and many different scoring keys are found in 

literature due to the different scientific questions and the conditions under which 

studies are performed. However, this diversity results in a lack of comparability 

between studies. The present review focuses on scoring keys for tail-damage including 

tail-lesions, tail-losses and other parameters on the one hand and tail-posture and tail-

movement on the other. Thus, the aim of this review was to consider the scoring keys 

hitherto applied and to discuss their advantages and disadvantages, analyse the 

potential to identify tail-biting and evaluate their comparability. Many studies have 

evaluated tail-biting by using solely one scoring key while other studies have applied 

multi-dimensional scoring keys for both tail-damage and tail-posture. It is possible to 

use only one scoring key for tail-posture and tail-movement because the combinations 

that occur are not as variable as within the parameters for tail-damage, whereas it 

could be valuable to consider the different parameters in separate scoring keys to 

detect graduations within the tail-biting process in more detail, especially for tail-

damage. By reviewing the currently published studies, it is noticeable that some 

scoring keys are not applicable due to the complexity or evaluation conditions in one 

study; however, this degree of detail is necessary for another study. Furthermore, 

different scoring keys summarise the expressions of a parameter in various manners. 

This simplifies the data collection or optimises the degree of detail for the study’s 

question. However, different degrees of detail of the scoring key are required, based 

on the different questions of the evaluation. The farmers merely wish to detect early 

signs of tail-biting to be able to intervene in a timely manner. Furthermore, they have 

to integrate the evaluation methods into their daily animal observation. Thus, a low 

degree of detail is sufficient for and required by the farmers. The various number of 

scoring keys used complicates the comparability between studies. It is necessary to 

combine the results of all studies on tail-biting to understand the problem 

comprehensively not least because of the multifactorial genesis of tail-biting. This leads 
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to the assumption that it would be beneficial if all studies used one common scoring 

key with several levels of differentiation of the parameters which can be transferred to 

each other.  

1 Introduction 

One of the major concerns in various welfare studies in pigs is the process of tail-

biting. Next to health problems (Munsterhjelm et al., 2017) and therefore welfare issues 

(D'Eath et al., 2014), tail-biting is also an economic problem (D'Eath et al., 2014). Due 

to the very complex process of tail-biting (McGlone et al., 1990; Schrøder-Petersen 

and Simonsen, 2001; EFSA, 2007; D'Eath et al., 2014; Telkänranta et al., 2016; Chou 

et al., 2018) and the non-transferability of risk factors from one farm to another 

(Schrøder-Petersen and Simonsen, 2001), individual study results are not sufficient to 

provide a general solution to keep long-tailed pigs without tail-biting because of the 

often limited comparability. Nevertheless, it is necessary to consider the entirety of all 

results to achieve generalisable conclusions; this requires a good comparability within 

and between the various studies. For this, a common definition of tail-biting and 

comparable scoring keys to obtain comprehensive and consistent findings on the 

genesis of tail-biting is mandatory. However, it is common practice in studies to use 

different scoring keys. This reduces the comparability between these studies and leads 

to the question of why all of them do not use the same scoring key.  

Thus, the aim of this literature review was to consider the applied scoring keys for 

the evaluation of tail-lesions, tail-losses and tail-posture in different studies and to 

discuss their advantages and disadvantages, analyse the potential to identify tail-biting 

and evaluate their comparability.  

2 Definition of tail-biting 

Tail-biting is abnormal behaviour which could be classified into three different types 

of motivation, namely ‘two-stage’, ‘sudden-forceful’ and ‘obsessive’ (Taylor et al., 

2010). In the case of the ‘two-stage’ form, the biter shows a mostly gentle manipulation 

during the first, pre-injury stage (Fraser, 1987), such as tail-in-mouth behaviour 
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(Schrøder-Petersen et al., 2003), which is normally found when both the biter and the 

bitten pig are lying down (Taylor et al., 2010). The bitten pig shows no or only few 

reactions (Schrøder-Petersen et al., 2003) and only a few slight bite marks are evident 

if any (Fraser and Broom, 1990; Schrøder-Petersen and Simonsen, 2001). The second 

stage is formed out of this behaviour and includes dental manipulation resulting in 

bleeding wounds (Fraser and Broom, 1990). Thereby, the bitten pig shows an 

avoidance reaction and sounds of discomfort, but many of them also become apathetic 

(Sambraus, 1985). The cause of this type of tail-biting is often environmental 

shortcomings, such as the absence of substrate to satisfy rooting behaviour (Taylor et 

al., 2010). As its name suggests, ‘sudden-forceful’ tail-biting starts suddenly, mostly 

subsequently to inadequate access to resources (Moinard et al., 2003). The biter grabs 

and yanks at the tail (van Putten, 1969), whereas the bitten pig shows avoidance 

reactions and vocalisation. This grabbing and yanking results in mild to severe wounds 

including partial or full tail-loss. In ‘obsessive’ biting, there is predominantly only one 

biter in a pen which grabs and yanks repeatedly at the tails of all the other pigs 

generating avoidance reactions or vocalisation. This behaviour results in mild to severe 

wounds and partial or full tail-losses. The genesis of this type is unknown, whereby a 

genetic influence is possible (Edwards, 2006).  

3 Scoring keys for tail-lesions, tail-losses and further 

parameters 

Tail-biting within a group can be evaluated by assessing several parameters, for 

instance direct (Noonan et al., 1994; Munsterhjelm et al., 2013) or indirect behavioural 

observation or by assessing the tail-damage caused by tail-biting (Veit et al., 2017). 

Behavioural observations are elaborative because an ethogram has to be formulated 

first. Direct behavioural observation is moreover elaborative due to the time the 

observer has to be inside the compartment. This could be simplified somewhat by 

video-recording the animals. However, video analysis require considerable time. 

Therefore, many studies have used tail-damage, for instance tail-lesions, tail-losses or 

signs of infection, as a result of tail-biting to evaluate tail-biting. This could be done at 

defined time intervals instead of being assessed continuously. For the evaluation of 
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tail-damage, a scoring key is needed which has to be clearly defined, thus the 

evaluation is consistent during a study and, for instance, not dependent on the 

observers’ expectations and predispositions (Tuyttens et al., 2014).  

3.1 Evaluating pigs’ tails by means of solely one scoring key 

3.1.1 Evaluating tails by assessing tail-lesions 

Scoring keys for evaluating tail-lesions are listed in Table 1. Most studies dealing 

with tail-biting in pigs score tails of pigs to evaluate tail-biting. A relatively simple way 

to categorise tails is to focus only on the presence or absence of tail-lesions (Oxholm 

et al., 2014; Holinger et al., 2015; Díaz et al., 2018; Grümpel et al., 2018). (Camerlink 

et al., 2015) used a more detailed, four-staged scoring key which considered hair-loss 

additionally to tail-lesions. Another enhancement was considered by Zonderland et al. 

(2009), who added the parameter blood-freshness to a tail-lesions scoring key. 

3.1.2 Evaluating a combination of tail-lesions and tail-losses 

Other studies (Statham et al., 2011; van Nieuwamerongen et al., 2015; van 

Nieuwamerongen et al., 2017) have not only evaluated tail-lesions but also tail-losses 

to assess tail-biting (Table 2). Lahrmann et al. (2015), van der Meet et al. (2017) and 

Paoli et al. (2016) also evaluated tail-lesions and tail-losses and also added the 

parameter blood-freshness to their scoring key. Scollo et al. (2016) and Scollo et al. 

(2017) also assessed tail-lesions, tail-losses and the presence of blood. However, in 

contrast to Lahrmann et al. (2015), Paoli et al. (2016) and van der Meer et al. (2017), 

they merely evaluated all three parameters in one binary score. Tail-damage was 

scored by means of another additional parameter, namely hair-loss, in the study of 

Telkänranta et al. (2014a). In a subsequent study, Telkänranta et al. (2016) used for 

one farm the same scoring key as Telkänranta et al. (2014a). After analysing these 

data, they decided to use a more sensitive scoring key to evaluate tail-biting on the 

second and third farms (Table 2). 



 
 

Table 1: Scoring keys assessing tail-lesions 

Author 

Parameters used 

Score 
Adapted from / 
modified from 

Tail-
lesions 

Blood-
freshness 

Hair-
loss 

Díaz et al., 2018, 
Grümpel et al., 2018, 
Holinger et al., 2015, 
Oxholm et al., 2014 

X   

Presence or absence of any tail-lesions  

Camerlink et al., 2015 

X  X 

1: no visible tail-damage 
2: hair removed from the tail 
3: bite marks 
4: clearly visible wound 

Zonderland et 
al., 2008 

Zonderland et al., 
2009 

X X  

1: no tail-damage (no visible tail-damage) 
2: bite marks (visible small tail-damage/bite marks with 
the size of a pinhead) 
3: tail-wound (clearly visible tail-wound with (fresh or 
dried) blood 

Zonderland et 
al., 2008, 
Kleinbeck and 
McGlone, 1993 

 

 

Table 2: Scoring keys assessing tail-lesions and tail-losses 

Author 
Parameters used 

Score 
Adapted from 

/ modified 
from 

Tail-
lesions 

Tail-
losses 

Blood-
freshness 

Hair- 
loss 

Statham et al., 
2011 

X X   

1: scrapes from teeth 
2: bite marks 
3: chewing damage or severe damage where tail-
length is reduced 

 

 

1
0
 



 
 

Table 2: Scoring keys assessing tail-lesions and tail-losses (continued) 

Author 

Parameters used 

Score 
Adapted from 

/ modified 
from 

Tail-
lesions 

Tail-
losses 

Blood-
freshness 

Hair- 
loss 

van 
Nieuwamerongen 
et al., 2015, van 
Nieuwamerongen 
et al., 2017 

X X   

0: no damage 
1: small bite-mark(s), tail is intact 
2: small wound(s), tail is intact 
3: medium-sized wound(s), part of tail removed 

 

Lahrmann et al., 
2015 

X X X  

0: not injured 
1: small scratches on tip (a few minor scratches) 
2: many scratches or large wound (many scratches 
and/or some more severe (deep marks with fresh 
blood)) 
3: part missing 

 

van der Meer et 
al., 2017 

X X X  

1: no tail-damage 
2: bite marks; thin scratches; the individual bite marks 
have the size of a pinhead 
3: small wound; clearly visible lesion with fresh or 
dried blood on the (top of the) tail, but the tail retains 
its entire length 
4: medium wound; clearly visible lesion with fresh or 
dried blood on the tail and the tail is partly shortened 
5: severe wound; lesions with fresh or dried blood, the 
tail is completely removed 

Ursinus et al., 
2014b 

Paoli et al., 2016 

X X X  

0: normal tail; no lesion 
1: slightly red; clean and no visible tissue damage 
2: scratched; mild damage to the skin, possibly small 
amounts of blood or scabs present 
3: wound; lacerations, blood or scabs present 
4: tail partially missing, blood or scabs may be present 

 

1
1
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3.1.3 Evaluating a combination of several parameters 

Several studies have evaluated tail-biting by means of scoring keys which 

considered different combinations of the parameters tail-lesions, tail-losses, blood-

freshness, hair-loss, swelling, infection and necrosis (Table 3).  

Pandolfi et al. (2017) combined four parameters in their scoring key: tail-lesions, tail-

losses, swelling of the tail and blood-freshness. Despite these parameters, they added 

the category ‘dirty’ for pigs’ tails which are dirty enough to obscure potentially mild 

lesions (Pandolfi et al., 2017) and are therefore not evaluable.  

Then again, several studies (Otten, 2013; Temple et al., 2013; Meyer-Hamme et al., 

2016; Czycholl et al., 2017) have used the Welfare Quality® protocol (2009), which 

includes a scoring key for pigs’ tails as an animal-based measure of tail-biting following 

a binary classification. This protocol was used in a more detailed version by Nannoni 

et al. (2018), Nannoni et al. (2016), van Staaveren et al. (2018), Vermeer and Hopster 

(2018) and Vitali et al. (2018). All of these studies divided score ‘2’ into the two separate 

scores ‘moderate’ and ‘severe’. Moreover, Di Martino et al. (2015) defined the 

‘moderate’ expression of the detailed version of the Welfare Quality® protocol (2009) 

in even more greater detail (Table 3).  

Carroll et al. (2018), Diana et al. (2017), Kritas and Morrison (2004), Li et al. (2018), 

Munsterhjelm et al. (2013), Munsterhjelm et al. (2009), O’Driscoll et al. (2013), 

Telkänranta et al. (2014b) and van Staaveren et al. (2015) added the parameter 

infection with swelling, inflammation and redness to the parameters tail-lesions and 

tail-losses. Munsterhjelm et al. (2009) used the parameters tail-lesions, tail-losses and 

inflammation to record tail-damage. In a further study, Munsterhjelm et al. (2013) 

skipped the parameter inflammation and added the parameters infection and abscess 

instead. Kritas and Morrison (2004) in their scoring key divided the parameter 

inflammation in the two parameters swelling and infection. This score was used by 

several other authors in their studies in the original (Kritas and Morrison, 2007; 

Telkänranta et al., 2014b; Carroll et al., 2018) or in a modified version (Li et al., 2018). 

Thus, Li et al. (2018) scored the parameters blood-freshness and infection instead of 

swelling. Moreover, they scored partial losses without infection with a ‘3’, in contrast to 
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Kritas and Morrison’s (2004) scoring key. Van Staaveren et al. (2015) referred to the 

scoring key from Kritas and Morrison (2007) and Harley et al. (2012), whereby Harley 

et al. (2012) used the same scoring key as Kritas and Morrison (2007). The difference 

between van Staaveren’s et al. (2015) scoring key and Kritas and Morrison’s (2007) is 

that van Staaveren et al. (2015) differentiated between partial and total loss. Diana et 

al. (2017) appended Harley’s et al. (2012) scoring key to a 6-point scale, which resulted 

in the same scoring key as the one that van Staaveren et al. (2015) used. O’Driscoll et 

al. (2013) used the most detailed scoring key with a very detailed description of signs 

of inflammation.  

Chou et al. (2018) added the parameter necrosis to the preceding parameters, thus 

they scored tail-lesions using the system adapted by Hunter et al. (1999) containing 

the parameters tail-lesions, tail-losses, swelling, infection/redness and necrosis.



 

Table 3: Scoring keys combining several parameters 

Author 

Parameters used 

Score 

Adapted 
from / 

modified 
from 

Tail-
lesions 

Tail-
losses 

Blood-
freshness 

Swelling Infection Necrosis 
Hair-
loss 

Pandolfi et 
al., 2017 

X X X X    

no lesions: pigs without any of the 
following lesions 
mild: pigs with mild tail-lesions 
severe: pigs with severe tail-lesions; 
proportion of tail has been removed by 
biting or tail is swollen or held oddly, or 
scab covering whole tip or fresh blood 
visible 
dirty: pigs dirty enough to obscure 
potential mild lesions 

 

Czycholl et 
al., 2017, 
Meyer-
Hamme et 
al., 2016, 
Otten, 
2013, 
Temple et 
al., 2013 

X X X X X   

0: no evidence of tail-biting or indication 
of superficial biting along the length of 
the tail, but no evidence of fresh blood 
or of any swelling (red areas on the tail 
are not considered as wounds unless 
associated with fresh blood) 
2: fresh blood is visible on the tail, 
evidence of some swelling and 
infection, part of the tail tissue is 
missing, and crust has formed 

Welfare 
Quality®, 
2009 

 

  

1
4
 



 

Table 3: Scoring keys combining several parameters (continued)  

Author 

Parameters used 

Score 

Adapted 
from / 

modified 
from 

Tail-
lesions 

Tail-
losses 

Blood-
freshness 

Swelling Infection Necrosis 
Hair-
loss 

Nannoni et 
al., 2016, 
Nannoni et 
al., 2018, 
van 
Staaveren et 
al., 2018, 
Vermeer and 
Hopster, 
2018, Vitali 
et al., 2018 

X X X X X   

0: no evidence of tail-biting or 
indication of superficial biting along 
the length of the tail, but no 
evidence of fresh blood or of any 
swelling (red areas on the tail are 
not considered as wounds unless 
associated with fresh blood) 
1: moderate (superficial biting, with 
no evidence of fresh blood or 
swelling) 
2: severe (fresh blood, evidence of 
swelling or infection, or tissue 
missing with formation of a crust) 

Welfare 
Quality®, 
2009 

Di Martino et 
al., 2015 

X X X X X  X 

0: no evidence of tail-biting or 
indication of superficial biting along 
the length of the tail, but no 
evidence of fresh blood or of any 
swelling (red areas on the tail are 
not considered as wounds unless 
associated with fresh blood) 
1: moderate (mild lesions with hair-
loss, redness, irritation, scratches 
or small abrasions) 
2: severe (fresh blood, evidence of 
swelling or infection, or tissue 
missing with formation of a crust) 

Welfare 
Quality®, 
2009 

1
5
 



 

Table 3: Scoring keys combining several parameters (continued)  

Author 

Parameters used 

Score 

Adapted 
from / 

modified 
from 

Tail-
lesions 

Tail-
losses 

Blood-
freshness 

Swelling Infection Necrosis 
Hair-
loss 

Munsterhjelm 
et al., 2009 

X X   X   

0: no lesions 
1: wounds, but no inflammation 
(mild lesion) 
2: piece of tail missing and/or 
inflammation (severe lesions) 

 

Munsterhjelm 
et al., 2013 

X X   X   

0: no visible lesion 
1: scar tissue at the tail tip 
2: wounds not deeper than 
subcutis 
3: wounds deeper than subcutis or 
moderate infection 
4: part of the tail missing, severe 
infection or abscess 

 

Kritas and 
Morrison, 
2004, Kritas 
and Morrison, 
2007, Carroll 
et al., 2018, 
Telkänranta 
et al., 2014b 

X X  X X   

0: no evidence of tail-biting 
1: healed or mild lesions 
2: evidence of chewing or puncture 
wounds, no swelling 
3: evidence of chewing puncture 
wounds with swelling and signs of 
infection 
4: partial or total loss of the tail  

Kritas 
and 
Morrison
, 2004 

 

  

1
6
 



 

Table 3: Scoring keys combining several parameters (continued)  

Author 

Parameters used 

Score 

Adapted 
from / 

modified 
from 

Tail-
lesions 

Tail-
losses 

Blood-
freshness 

Swelling Infection Necrosis 
Hair-
loss 

Li et al., 
2018 

X X X  X   

0: no damage 
1: healed lesions (scars or small scabs) 
2: evidence of chewing or puncture 
wounds with visible blood but no signs of 
infection 
3: evidence of chewing or puncture 
wounds with visible blood and signs of 
infection, or partial loss of the tail without 
signs of infection 
4: partial or total loss of the tail with 
sings of infection 

Kritas and 
Morrison, 
2004 

van 
Staaveren 
et al., 
2015, 
Diana et 
al., 2017 

X X  X X   

0: no evidence of tail-biting 
1: healed or mild lesions 
2: evidence of chewing or puncture 
wounds, but no evidence of swelling 
3: evidence of chewing or puncture 
wounds with swelling and signs of 
possible infection 
4: partial loss of the tail as indicated by 
an open wound with severe signs of 
swelling and infection 
5: total loss of tail as indicated by an 
open wound at the base of the tail 

Kritas and 
Morrison, 
2007, 
Harley et 
al., 2012 

 

  

1
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Table 3: Scoring keys combining several parameters (continued)  

Author 

Parameters used 

Score 

Adapted 
from / 

modified 
from 

Tail-
lesions 

Tail-
losses 

Blood-
freshness 

Swelling Infection Necrosis 
Hair-
loss 

O'Driscoll 
et al., 
2013 

X X X X X   

0: none 
1: red/swelling or scratch 
2: old scab 
3: fresh scab or minor bite 
4: major bite or raw 
5: severe wound 
6: severe infection 
7: amputation 

 

Chou et 
al., 2018 

X X X X X X  

0: no evidence of lesions 
1: healed or mild scratches/punctures 
2: scratches and punctures that are 
wider than a pinhead with some visible 
redness 
3: swelling, fresh blood, apparent 
redness, possible pus and necrotic 
tissue and possible signs of amputation 

Hunter et 
al., 1999 

 

1
8
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3.2 Evaluating pigs’ tails by means of multiple scoring keys 

3.2.1 Two-dimensional scoring keys 

Another possibility to evaluate different parameters is to use multiple scoring keys 

(Table 4). 

Bulens et al. (2017), Bulens et al. (2016), Holling et al. (2017), Ursinus et al. (2014), 

Vermeer et al. (2014) and Zonderland et al. (2008) used two separate scoring keys in 

their studies to assess the pigs’ tails, one for tail-damage and one for blood-freshness. 

Therefore, they all referred to the scoring key described by Zonderland et al. (2008) 

and used this scoring key in its original version to evaluate blood-freshness. However, 

these studies differed in the assessment of tail-lesions. Hence, Bulens et al. (2017), 

Bulens et al. (2016), Vermeer et al. (2014) and Zonderland et al. (2008) used the tail-

lesions scoring key described by Zonderland et al. (2008), which comprises three 

expressions. Ursinus et al. (2014) added the parameter hair-loss to this scoring key. 

Holling et al. (2017) used a more detailed version of Zonderland’s et al. (2008) scoring 

key. 

Abriel and Jais (2013) described a scoring key which was developed in collaboration 

with other German research institutes (Abriel and Jais, 2013) and further used by Abriel 

and Jais (2014), Naya et al. (2018) Veit et al. (2017) and Veit et al. (2016). This scoring 

key consists of two scores, one for tail-lesions and one for tail-losses. Veit et al. (2017) 

and Veit et al. (2016) modified this tail-losses score to a simpler form and added the 

parameter necrosis.



 
 

Table 4: Two-dimensional scoring keys 

Author 

Parameters used Score Adapted 
from / 

modified 
from 

Tail-
lesions 

Tail-
losses 

Blood-
freshness 

Swelling Infection 
Hair- 
loss 

Necrosis Tail-lesions 
Blood-

freshness / 
Tail-losses 

Bulens et al., 
2017, 
Bulens et al., 
2016, 
Vermeer et 
al., 2014, 
Zonderland 
et al., 2008 

X  X     

1: no visible lesions 
2: small bite marks 
3: wounds 

Blood-
freshness: 
1: no blood 
visible 
2: old dried 
black blood, 
scab 
3: sticky dark 
red blood 
4: fresh blood 

Zonderland 
et al., 2008 

Ursinus et 
al., 2014a 

X  X   X  

1: no visible lesions 
2: hair removed 
3: small bite marks 
4: wounds 

Zonderland 
et al., 2008 

 

  

2
0
 



 
 

Table 4: Two-dimensional scoring keys (continued)  

Author 

Parameters used Score Adapted 
from / 

modified 
from 

Tail-
lesions 

Tail-
losses 

Blood-
freshness 

Swelling Infection 
Hair- 
loss 

Necrosis Tail-lesions 
Blood-

freshness / 
Tail-losses 

Holling et al., 
2017 

X  X X X   

0: no tail-lesions visible 
1: small lesions/bite 
marks are visible (size 
of pinhead) 
2: clearly visible wound 
≤ cross-section of tail 
3: clearly visible wound 
≥ cross-section of tail 
without signs of 
inflammation (redness, 
swelling, heat) 
4: clearly visible wound 
≥ cross-section of tail 
with mild signs of 
inflammation (redness, 
swelling, heat)  
5: clearly visible wound 
≥ cross-section of tail 
with severe signs of 
inflammation (redness, 
swelling, heat) 

Blood-
freshness: 
1: no blood 
visible 
2: old dried 
black blood, 
scab 
3: sticky dark 
red blood 
4: fresh blood 

Zonderland 
et al., 2008 

 

  

2
1
 



 
 

Table 4: Two-dimensional scoring keys (continued)  

Author 

Parameters used Score Adapted 
from / 

modified 
from 

Tail-
lesions 

Tail-
losses 

Blood-
freshness 

Swelling Infection 
Hair- 
loss 

Necrosis Tail-lesions 
Blood-

freshness / 
Tail-losses 

Abriel and 
Jais, 2014, 
Abriel and 
Jais, 2013 

X X      

0: no lesions visible 
1: scratches, slight bite 
marks 
2: small-area lesions 
3: large-area lesions 

Tail-losses:  
0: no partial 
loss 
1: up to 1/3 
partial loss 
2: up to 2/3 
partial loss 
3: more than 
2/3 partial 
loss 

Abriel 
and Jais, 
2013 

Veit et al., 
2017, Veit et 
al., 2016, 
Naya et al., 
2018 

X X     X 

Tail-losses:  
0: original 
length of tail 
1: loss of tail 
tip 
2: partial loss 
3: total loss 
(or necrosis) 

Abriel 
and Jais, 
2013 

 

 

 

2
2
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3.2.2 Three-dimensional scoring keys 

Scollo et al. (2013), Vermeer et al. (2017) and Wallgren et al. (2019) used three 

separate scoring keys in their studies: one for tail-lesions, one for tail-losses and one 

for blood-freshness (Table 5). 

Vermeer et al. (2017) scored pigs’ tails according to the protocol of Zonderland et 

al. (2003a), where tail-length related to starting length was scored in five expressions, 

tail-lesions in three expressions and blood-freshness in four expressions. Wallgren et 

al. (2019) scored pigs’ tails with a score adapted from Zonderland et al. (2003a). They 

used three categories for tail-losses, five for tail-lesions and five for blood-freshness. 

Scollo et al. (2013) scored tails in accordance with Sutherland et al. (2008) and 

Widowski et al. (2003). The tails were checked for length, the severity of injuries and 

the presence of blood.



 

Table 5: Three-dimensional scoring keys 

Author 

Parameters used Score Adapted 
from / 

modified 
from 

Tail-
lesions 

Tail-
losses 

Blood-
freshness 

Infection 
Hair- 
loss 

Tail-lesions Tail-losses 
Blood-

freshness 

Vermeer 
et al., 
2017 

X X X   

1: no injury 
2: bite marks 
3: one or more 
wounds 

1: complete tail 
2: three quarters left 
3: half left 
4: one quarter left 
5: less than a quarter 
of the tail left 

1: no blood 
2: dark 
brown/black, i.e., 
dry crust 
3: dark 
red/brown, i.e., 
older blood 
4: red, i.e., fresh 
blood and wet 
tail tips 

Zonderland 
et al., 2003 

Wallgren 
et al., 
2019 

X X X X  

0: no visible 
damage 
1: swollen 
2: bite marks 
3: wound 
4: inflamed wound 

0: not shortened 
1: shortened, > 2cm 
2: short, < 2cm 

0: no blood 
1: crust 
2: red crust 
3: dark blood 
4: fresh blood 

Zonderland 
et al., 2003 

Scollo et 
al., 2013 

X X X X X 

0: no lesions 
1: mild lesions with 
hair-loss, redness, 
irritation, scratches 
or small abrasions 
2: severe lesions 
with loss of tissue 

0: intact tail 
1: presence of more 
than half the tail 
2: presence of less 
than half the tail 

0: no blood 
1: fresh and red 
blood 
2: old and dark 
blood visible as a 
scab 

Sutherland 
et al., 2008, 
Widowski et 
al., 2003 

 

2
4
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3.2.3 Four-dimensional scoring keys 

D’Eath (2018), Lahrmann et al. (2018a), Lahrmann et al. (2018b) and Lahrmann et 

al. (2017) used four different scoring keys to assess all tail-injuries caused by tail-biting 

separately, namely tail-lesions, tail-losses, blood-freshness and swelling (Table 6). 

To assess the tail-lesions, Lahrmann et al. (2017) used a scoring key with three 

expressions which was extended by a more severe expression in subsequent studies 

(Lahrmann et al., 2018b; Lahrmann et al., 2018a). Then again, D’Eath et al. (2018) 

used a scoring key with five different expressions.  

Lahrmann et al. (2017) used a binary scoring key to assess tail-losses. While, 

D’Eath et al. (2018), Lahrmann et al. (2018a) and Lahrmann et al. (2018b) used a 

similar scoring key with four expressions. 

The parameter blood-freshness was assessed by Lahrmann et al. (2017) in a binary 

score as well. For further studies, Lahrmann et al. (2018a) and Lahrmann et al. (2018b) 

used a more detailed scoring key with four expressions, which was even further 

detailed by D’Eath et al. (2018) comprising six expressions. 

To score swelling of the tail, they all merely assessed the presence or absence of 

swelling (Lahrmann et al., 2017; D'Eath et al., 2018; Lahrmann et al., 2018a; Lahrmann 

et al., 2018b).



 

Table 6: Four-dimensional scoring keys 

Author 

Parameters used Score Adapted 
from / 

modified 
from 

Tail-
lesions 

Tail-
losses 

Blood-
freshness 

Swelling Necrosis Tail-lesions 
Tail-

losses 
Blood-

freshness 
Swelling 

Lahrmann 
et al., 
2017 

X X X X  

no lesions: tails 
with no visible 
tail-lesions or 
healed lesions  
red, clean and/or 
minor scratches: 
tails appeared red 
and/or had minor 
scratched  
tail-wound: tails 
with visible 
wounds with 
tissue damage 

‘intact’ 
‘part 
missing’ 

‘fresh/bleeding’ 
(tail where 
fresh blood 
was visible) 
‘dried/scab’ 
(tail-wounds 
which were 
covered with a 
scab) 

‘presence 
of 
swelling’ 
‘absence 
of 
swelling’ 

Kritas and 
Morrison, 
2004, 
O'Driscoll 
et al., 2013 

 

  

2
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Table 6: Four-dimensional scoring keys (continued)  

Author 

Parameters used Score Adapted 
from / 

modified 
from 

Tail-
lesions 

Tail-
losses 

Blood-
freshness 

Swelling Necrosis Tail-lesions 
Tail-

losses 
Blood-freshness Swelling 

Lahrman
n et al., 
2018a, 
Lahrman
n et al., 
2018b 

X X X X X 

‘no lesions’: 
tails with no 
visible tail-
lesions or 
healed lesions  
‘red, clean 
and/or minor 
scratches’: tails 
appeared red 
and/or had 
minor 
scratched  
‘tail-wound’: 
tails with 
visible wounds 
with tissue 
damage 
‘wound – tail 
end will fall off’: 
tails, of which 
the outer part 
has almost 
been bitten off 
and the tail tip 
will fall off 
during healing 

0: 
intact 
(for 
tails 
with 
full 
length) 
1: 
outer 
part of 
tail is 
missin
g 2: 
more 
than 
half 
missin
g 
3: tail 
stump, 
less 
than 
1 cm 
remain
s 

‘intact scab’ (for 
wounds which 
were covered with 
a hard dry scab) 
‘not intact scab’ 
(for wounds 
covered with a 
scab, but cracks in 
the scab and dried 
blood/fresh tissue 
were visible) 
‘fresh wound – not 
bleeding 
(weeping)’ (for 
tails with broken 
skin which is 
merely weeping 
without the 
presence of blood 
or a scab) 
‘fresh wound – 
bleeding’ (for fresh 
lesions where 
fresh blood was 
visible) 

presence 
of 
swelling’ 
‘absence 
of 
swelling’ 

 

2
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Table 6: Four-dimensional scoring keys (continued)  

Author 

Parameters used Score Adapted 
from / 

modified 
from 

Tail-
lesions 

Tail-
losses 

Blood-
freshness 

Swelling Necrosis Tail-lesions 
Tail-

losses 
Blood-freshness Swelling 

D'Eath 
et al., 
2018 

X X X X  

0: no tail-damage 
1: flattened (for 
tails not round, 
appeared 
flattened as 
though sucked or 
chewed) 
2: red (for tails 
which appeared 
red, or had red 
marks but no 
broken skin) 
3: puncture marks 
or scratches (for 
tails on which 
distinct scratches 
or puncture 
marks were 
visible and the 
skin was broken) 
4: wound (tails 
where raw flesh 
was visible, and 
tail had sustained 
tissue damage) 

0: intact 
(tails of 
full 
length) 
1: 
shorten
ed tail 
over 
half 
remains  
2: 
shorten
ed tail 
less 
than 
half 
remains 
3: tail 
stump, 
less 
than 
1 cm 
remains 

0: no wound 
1: fresh bite or 
scratch (for tails 
without bleeding 
or weeping) 
2: intact scab 
3: broken scab 
(with older blood 
and red tissue) 
4: fresh wound – 
not bleeding (for 
weeping or 
bloodied wounds 
and where blood 
stuck to tail hair) 
‘5: fresh wound – 
bleeding’ (for tails 
where blood was 
dripping from tail-
wound or 
splattering the 
pigs’ rump, pen 
walls or other 
pigs) 

presence 
of 
swelling’ 
‘absence 
of 
swelling’ 

Zonderlan
d et al., 
2008, 
Kritas and 
Morrison, 
2004, 
Lahrmann 
et al., 
2017, 
Lahrmann 
et al., 
2018a 

 

2
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4. Scoring keys for tail-posture and tail-movement 

Several studies, not only on the precursors of tail-biting, but also studies on the 

analysis of behaviour (Noonan et al., 1994; Groffen, 2012), communication among pigs 

(McGlone et al., 1990), stress level (Kleinbeck and McGlone, 1993) and emotional 

status of pigs (Rius et al., 2018), have used tail-posture and tail-movement as 

indicators for evaluation. Different studies work with different scientific questions and 

therefore use different parameters with several expressions (Table 7).  

4.1 Tail-movement 

Evaluating tail-movement, studies have also used the parameter ‘wagging’, which 

is defined as a lateral movement of the tail (Kiley-Worthington, 1976). Rius et al. (2018) 

assessed tail-movement by means of a binary score: ‘wagging’ and ‘not wagging’ 

(modified from Kiley-Worthington (1976) and Reimert et al. (2013)).  

4.2 Tail-posture 

Literature shows a multitude of opinions on the expressions used to evaluate tail-

posture.  

Some studies have used a specific tail-posture as the key indicator and have 

surveyed only the presence or absence of this posture. Larsen et al. (2016) stated for 

example that tail-biting and tail-damage are related to the tail-posture of pigs and thus 

tail-posture might function as a predictive indicator of tail-biting. Therefore, the tail-

posture ‘curled’ was observed as a key position, whereby ‘curled’ means that the tail 

forms a loop above the back of the pig (Statham et al., 2009). 

Other studies (McGlone et al., 1990; Statham et al., 2009; Ursinus et al., 2014; Chou 

et al., 2018; Lahrmann et al., 2018b) have differentiated between several tail-postures, 

for example ‘curled’, ‘high’, ‘low’, ‘intermediate‘ or ‘tucked’, whereby tucked means that 

the pig holds its tail tight against the body, covering the vulva and/or anus (Di Giminiani 

et al., 2016). Chou et al. (2018) used almost the same scoring key as McGlone et al. 

(1990) to evaluate tail-posture. The only difference was that curled tails were not 
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evaluated because the pigs used in this study were tail-docked. Ursinus et al. (2014) 

used a similar tail-posture scoring key, too. The mere tail-posture they added was 

‘straight’, which was categorised together with ‘hanging down’. 

A modified scoring key was used in another study conducted by Lahrmann et al. 

(2018a). The tail-postures ‘tucked’ and ‘hanging’ were summarised into one 

expression. In return, a new third tail-posture was created, namely ‘other tail-posture’, 

which included all postures expect ‘curled-up’ and ‘tucked/hanging’, including 

‘intermediate position’ (McGlone et al., 1990; Chou et al., 2018).  

D’Eath et al. (2018) conducted a study on an automatic early warning system of tail-

biting in pigs using 3D cameras to detect lowered tail-postures before tail-biting, and 

2D cameras to validate the automatic detected data from the 3D cameras. The 3D 

cameras measured the angle of the tail relative to the body of a pig on a scale of 0 to 

90 degrees, where ‘0’ was a tail which hung down or was tucked against the body and 

‘90’ was a tail standing up at 90 degrees. These tail-angle data were converted into a 

tail-posture score between 0 and 3, where 0° = ‘0 (low tails)’, > 0° to 30° = ‘1 (part 

raised tails)’, > 30° to 60° = ‘2 (raised tails)’ and > 60° to 90° = ‘3 (high tails)’. The 

human observers classified the tail-postures from 2D cameras into four expressions: 

‘curled’, ‘high loose’, ‘low loose’ and ‘tucked down against the body’.  

4.3 Combined evaluation for tail-posture and tail-movement 

Furthermore, there are studies in which both tail-posture and tail-movement have 

been investigated. Hereby, either both parameters could be observed together in one 

key, or two keys were used for each tail-posture and tail-movement.  

Zonderland et al. (2009) and Paoli et al. (Paoli et al.) surveyed tail-posture and tail-

movement in two separate scoring keys.  

Other studies (Kleinbeck and McGlone, 1993; Noonan et al., 1994; Groffen, 2012; 

Reimert et al., 2013, 2015) have combined tail-posture and tail-movement in one 

scoring key so that only one value resulted. Reimert et al. (2015) and Reimert et al. 

(2013) used a simplified version of Kleinbeck and McGlones’s (1993) scoring key in 

both studies. They merely differentiated between ‘tail in curl’, ‘tail low’ and ‘tail 
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wagging’. Groffen (2012) used a four-stage scoring key, which was also similar to the 

key Kleinbeck and McGlone (1993) used. They expelled the posture ‘sticking straight 

out from the body’ and replaced it with the posture ‘clamped between legs’.  

Noonan et al. (1994) used the tail-posture ‘jamming’ and the tail-movement 

‘wagging’ as key indicators, as Larsen et al. (2016) did, to analyse behaviour directly 

after tail-docking.



 

Table 7: Scoring keys to evaluate tail-posture and tail-movement 

Author 

Parameters used Score Adapted from 
/ modified 

from 
Tail-
posture 

Tail-
movement 

Tail-posture Tail-movement 

Rius et al., 2018 

 X 

 ‘wagging’ 
‘not wagging’ 

Kiley-
Worthington, 
1976, 
Reimert et 
al., 2013 

Larsen et al., 2016 X  ‘curled’ as key indicator   

McGlone et al., 1990 
  

‘fully up (and curled)’ 
‘fully down (tucked under its legs)’ 
‘intermediate position’ 

  

Chou et al., 2018 

X  

‘upward’ 
‘between up and down including sticking straight 
out’ 
‘down pointing towards body’ 

 McGlone et 
al., 1990 

Lahrmann et al., 
2018b, Statham et 
al., 2009 

X  
‘curled up’ 
‘hanging down’ 
‘tucked under’ 

 McGlone et 
al., 1990 

Ursinus et al., 2014a 

X  

1: curly 
2: hanging and straight 
3: tucked between legs 

 Kleinbeck 
and 
McGlone, 
1993, 
Zonderland 
et al., 2009 

Lahrmann et al., 
2018a X  

‘curly tail’ 
‘tucked tail/hanging tail’ 
‘other tail-posture’ 

 Zonderland 
et al., 2011 

  

3
2
 



 

Table 7: Scoring keys to evaluate tail-posture and tail-movement (continued)  

Author 

Parameters used Score Adapted from 
/ modified 

from 
Tail-
posture 

Tail-
movement 

Tail-posture Tail-movement 

Larsen et al., 2018 

X  

‘hanging’ (the tail is either in a straight line from 
the tail-root or below the horizontal line from the 
tail-root) 
‘tucked between the legs’ 

  

Di Giminiani et al., 
2016 

X  

‘high, including curled’ 
‘middle’ 
‘low, including relaxed’  
‘tucked’ 

  

D'Eath et al., 2018 

X  

‘curled (with a visible loop in tail, regardless of 
angle)’ 
‘high loose (non-curled tail that hung at least 45 
degrees from the vertical plane of the body)’ 
‘low loose (non-curled tail that was held inwards 
towards the body)’ 
‘tucked down against the body’ 

  

Zonderland et al., 
2009 

X X 

‘curled’ 
‘hanging’ 
‘between legs’ 

‘intense 
wagging’ 
‘wagging’ 
‘motionless’ 

 

Paoli et al., 2016 
X X 

curled up’ 
‘neutral/hanging’ 
‘tucked’ 

‘moving’ 
‘not moving’ 

Zonderland 
et al., 2009 

Groffen, 2012  
X X 

curled tail 
hanging tail 
tail between legs 

‘tail wagging’  

  

3
3
 



 

Table 7: Scoring keys to evaluate tail-posture and tail-movement (continued)  

Author 

Parameters used Score Adapted from 
/ modified 

from 
Tail-
posture 

Tail-
movement 

Tail-posture and Tail-movement 

Kleinbeck and 
McGlone, 1993 

X X 

‘curled up on pig’s back’ 
‘sticking straight out from the body’ 
‘hanging down in a relaxed state’ 
‘wagging motion’ 

Kleinbeck 
and 
McGlone, 
1993 

Reimert et al., 2015, 
Reimert et al., 2013 

X X 

‘tail in curl’ 
‘tail low’ 
‘tail wagging’ 

Kleinbeck 
and 
McGlone, 
1993 

Noonan et al., 1994 
X X 

‘jamming’ as key indicator 
‘wagging’ as key indicator 

 

 

 

3
4
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5 General aspects of different scoring keys 

The review of current literature indicates a vast variety of different approaches to 

evaluate tail-biting scientifically. As tail-biting itself is often hardly observable, scoring 

usually relies on assisting features. Most studies use the evaluation of tail-lesions 

and/or tail-losses (van Nieuwamerongen et al., 2017; Holinger et al., 2018) whereby in 

other studies tail-posture is surveyed (Kleinbeck and McGlone, 1993; Larsen et al., 

2016). Then again, some studies observe the behaviour of the animals, such as for 

instance activity or drinking behaviour, but also behaviour at the trough. Naturally, 

these circumstances leads to the use of different scoring keys. 

One selection criterion to choose a scoring key is the scientific question the 

evaluation refers to, because this determines the degree of detail and especially the 

parameters to focus on. Some studies have revealed correlations within complex 

systems or between different parameters (Statham et al., 2011; O'Driscoll et al., 2013) 

and therefore have needed more detailed scoring keys, while other studies have only 

investigated using an easy scoring key to determine whether tail-biting took place or 

not (Díaz et al., 2018). Besides the degree of detail, different parameters can be 

evaluated, resulting in slightly different conclusions. For instance, tail-lesions, tail-

losses or signs of infection can be applied to evaluate the tail-damage caused by tail-

biting, whereas tail-posture or tail-movement can be used to evaluate the stress level 

within a group just before tail-biting. These parameters can furthermore be evaluated 

in detail or in a summarised score and in different combinations due to the question of 

the study, e.g. whether a temporal aspect is considered or not. Depending on the topic, 

some studies have used scoring keys with only one parameter, either tail-posture 

(McGlone et al., 1990; Statham et al., 2009; Di Giminiani et al., 2016; Larsen et al., 

2016; Chou et al., 2018; D'Eath et al., 2018; Lahrmann et al., 2018b; Lahrmann et al., 

2018a; Larsen et al., 2018a) or tail-movement (Rius et al., 2018), while other studies 

have combined both parameters in one common scoring key (Kleinbeck and McGlone, 

1993; Noonan et al., 1994; Groffen, 2012; Reimert et al., 2013, 2015) or two separate 

ones (Zonderland et al., 2009; Paoli et al., 2016). Scoring keys with only one parameter 

(McGlone et al., 1990; Statham et al., 2009; Di Giminiani et al., 2016; Larsen et al., 
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2016; Chou et al., 2018; D'Eath et al., 2018; Lahrmann et al., 2018b; Lahrmann et al., 

2018a; Larsen et al., 2018a; Rius et al., 2018) are often easier to apply, because they 

are less multifarious. Thus, the degree of detail and the parameters used should be as 

detailed as necessary to obtain all the important information to answer the scientific 

question of the study but as simple as possible to facilitate training and therefore 

reduce the error rate. 

Furthermore, the scoring key applied has to be adapted to the method of evaluation. 

Some studies have used a direct observation, for example Zonderland et al. (2008) to 

evaluate tail-posture, while others have evaluated tail-posture indirectly from video 

observation (D'Eath et al., 2018). 2D cameras, for example, which are mounted on the 

ceiling are not able to measure the angle between the tail and the body of a pig. In 

contrast, 3D cameras usually create depth information, which then could be treated 

differently. Moreover, it is not possible to measure expressions such as ‘curled’, 

‘hanging’, or ‘tucked’ from 3D cameras as an automated analysis of tail-posture. These 

cameras measure the angle between the tail and the body of a pig. In contrast, if the 

tail-posture is assessed by direct observation, it is not possible to assess the angle 

between the tail and the body of a pig. Direct observers need scoring keys with clearly 

defined expressions; however, there are differences in the execution of direct 

observation. More precisely, it is possible to evaluate the pig’s tails from the central 

corridor, i.e. from a distance (Scollo et al., 2016; Scollo et al., 2017) or from inside the 

pen (Statham et al., 2011; van Nieuwamerongen et al., 2017). From a distance, 

however, it is not possible to evaluate the tails in as much detail as while standing 

inside the pen and looking at each tail individually from a close distance. Scollo et al. 

(2017) and Scollo et al. (2016) scored the tails of the pigs from outside the pen. They 

only entered the pen if tail-lesions were not assessable from outside the pen. For this 

evaluation from distance, a simple scoring key was needed and thus they used a binary 

score. In contrast, van Nieuwamerongen et al. (2017) scored the tails from inside the 

pens and Statham et al. (2011) scored the tails individually after cleaning the tails. 

Therefore, they were able to use a more detailed scoring key. However, the more 

detailed and therefore complex a scoring key is the more trained the observers need 

to be to conduct the assessment. This leads to the next selection criterion for choosing 
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a scoring key: the observer. In research-based studies, data collection is carried out 

by trained observers (Scollo et al., 2013), while other studies have relied on data 

collected by the farmer. In these cases, the farmer often carries out the evaluation 

during his daily animal observation. Therefore, a more practicable, probably simplified 

scoring key is needed, which needs to be simple and fast to assess. Thus, the degree 

of detail and the parameters used should be adjusted to the available time, the training 

status of the observer and the evaluation method. 

Another aspect to keep in mind is that simplifying scoring keys facilitates evaluation 

but is always accompanied by a loss of information which can be provided by a more 

detailed scoring key. To recognise tail-biting, a simplified scoring key is sufficient, for 

instance, evaluating only the presence or absence of slight tail-lesions or a specific 

tail-posture as an early sign of tail-biting. Such binary scoring keys (Noonan et al., 

1994; Larsen et al., 2016; Rius et al., 2018) are easy to apply because they are 

unambiguous and do not leave room for variations in interpretation. Therefore, a 

detailed scoring key could be summarised to ascertain the required information. Such 

a simplified scoring key could help farmers during their daily animal observation to 

detect pens with a higher risk of a forthcoming tail-biting outbreak. However, for 

research-based studies, it could be valuable to use a more detailed scoring key, which 

gives more detailed information. Thus, the degree of detail of the applied scoring key 

should be as detailed as necessary to obtain all the important information to answer 

the scientific question of the study, but as simple as possible to obtain appropriate 

practicability. Therefore, it is important to weigh how acceptable a loss of information, 

and therefore a simplification of the scoring key is due to the question of the evaluation.  

6 Comparison of the different scoring keys evaluating tail-

lesions and tail-losses 

One of the main differences between the applied scoring keys is the extent of 

differentiation. Some studies have used two separate scoring keys for tail-lesions and 

tail-losses (Abriel and Jais, 2013, 2014; Veit et al., 2016; Veit et al., 2017; Naya et al., 

2018), while other studies have used one common scoring key for both parameters 
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(Statham et al., 2011; van Nieuwamerongen et al., 2015; van Nieuwamerongen et al., 

2017). Due to the acute tail-loss being an injury over the whole diameter of the tail, it 

is reasonable to evaluate a tail with a loss in the same category as the most severe 

lesion if using only one common scoring key for tail-lesions and tail-losses. However, 

when tail-biting can be stopped by intervention measures, the wounds have time to 

heal. Nonetheless, the tail is not able to regrow, thus the tail-loss remains. Such a 

healed tail-loss could not be detected with only one common scoring key. Thus, to 

evaluate a healing process, and therefore whether tail-biting has stopped, it is 

necessary to use two separate scoring keys for tail-lesions and tail-losses.  

There are many different scoring keys with several parameters in use to evaluate 

tail-biting. To obtain a high comparability between different studies, all studies should 

use the same scoring key. Hereby, it should be possible to summarise scores if the 

differentiation is not needed for the question of a study. However, this should not lead 

to new scores which do not fit to the general scoring key used in other studies. One 

scoring key which fulfils these requirements is the ‘German Pig Scoring Key’ (German 

designation: Deutscher Schweine Boniturschlüssel) (Anonymus, 2017). 

Another frequently used parameter is blood-freshness, often used in conjunction 

with tail-lesions and/or tail-losses. However, due to many other studies not evaluating 

blood-freshness, the meaningfulness of this parameter can be questioned. Ursinus et 

al. (2014) found a positive correlation between tail-damage and blood-freshness. The 

more tail-damage, the higher the likelihood of observing blood was (Ursinus et al., 

2014). This correlation seems to reduce the necessity of the parameter blood-

freshness to analyse tail-biting and, therefore, it is sufficient to assess tail-lesions. 

Furthermore, it is easier to focus on only one parameter, in this case tail-damage. In 

contrast, the parameter blood-freshness can be used to determine the age of a wound 

(Keeling et al., 2012) and, therefore, how long ago tail-biting took place. Blood on a 

wound is fresh and red at the beginning and changes to sticky and subsequently to 

dried and dark. Therefore, due to the healing of the wounds (Ursinus et al., 2014), it 

can be a useful parameter to assess whether tail-biting is still in progress or has 

stopped (Holling et al., 2017). However, farmers can use the parameter blood-

freshness as an unambiguous signal for tail-biting. This is necessary for an early 
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application of measures against tail-biting when needed. Moreover, it is a good 

indicator for farmers to see whether their intervention measures have been effective 

against tail-biting (Zonderland et al., 2008). Additionally, the first stage of the ‘two-

stage’ form of tail-biting can be differentiated by the absence of blood from the second 

stage where bleeding tail-wounds occur (Fraser, 1987; Zonderland et al., 2008; Taylor 

et al., 2010). Thus, for studies evaluating the form of tail-biting, detailed scoring keys 

including the parameter blood-freshness are necessary. The ‘two-stage’ and 

‘obsessive’ form of tail-biting starts with mild lesions and develops over time into severe 

lesions and tail-losses, while the ‘sudden-forceful’ form shows no mild lesions as a 

precursor for tail-biting (Fraser, 1987; Taylor et al., 2010). To differentiate between the 

three forms of tail-biting, a more detailed scoring key including the parameter blood-

freshness is necessary which can identify the beginning of the ‘two-stage’ and 

‘obsessive’ form accompanying mild lesions and the availability of blood.  

7 Comparison of different scoring keys evaluating tail-posture 

and tail-movement 

Equal to the scoring keys for tail-lesions and tail-losses, some studies have 

considered both parameters tail-posture and tail-movement in one combined scoring 

key (Kleinbeck and McGlone, 1993; Noonan et al., 1994; Groffen, 2012; Reimert et al., 

2013, 2015) and other studies in two separate scoring keys (Zonderland et al., 2009; 

Paoli et al., 2016). If two separate scoring keys are applied, two different scoring values 

result, which could give more detailed information but could also complicate the 

interpretation. Moreover, two separated scoring keys accompany with a lower 

practicability due to greater effort in the evaluation. Notwithstanding these 

disadvantages, two separated scoring keys give the chance to assess a combination 

of parameters, for example differentiating between ‘high wagging’ and ‘low wagging’. 

Zonderland et al. (2009) evaluated three tail-postures ‘curled’, ‘hanging’ and ‘between 

legs’ and three tail-movements ‘intense wagging’, ‘wagging’ and ‘motionless’ and their 

combinations. They showed that tail-movement arises only in combination with the tail-

posture ‘hanging’. ‘Curled’ and ‘between legs’ is always motionless. Therefore, a 

reduced number of possible combinations (only five, instead of nine) results in ‘curled 
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and motionless’, ‘hanging and intense wagging’, ‘hanging and wagging’, ‘hanging and 

motionless’, ‘between legs and motionless’, which can be scored in one common 

scoring key. This leads to the same assertion with the advantage of merely one scoring 

value at the end.  

Another difference between the heretofore presented scoring keys is the tail-posture 

‘out’, which has not been often considered in many studies. Kleinbeck and McGlone 

(1993) used this tail-posture for tails which stuck straight out from the body. However, 

this tail-posture could not be delineated in the scoring key Groffen (2012) used. As 

Kleinbeck and McGlone (1993) found out, the tail-posture ‘out’ occurred in about 10 % 

of the tail-postures and is therefore an important posture which should not be passed 

over. It is the same for the tail-postures ‘hanging down’ and ‘between legs’. Some 

studies (McGlone et al., 1990; Chou et al., 2018) have combined these two postures 

in one score. However, ‘hanging down’ is often interpreted as a neutral, relaxing 

posture (Kleinbeck and McGlone, 1993) while ‘between legs’ refers to a risky posture 

(Groffen, 2012) and therefore can be an early warning signal. Due to these different 

interpretations of the tail-postures ‘hanging’ and ‘tucked’, both should be differentiated. 

8 Conclusion  

This literature review has demonstrated the vast variability of the different scoring 

keys used to evaluate tail-biting and has revealed that the selection of a specific soring 

key thereby depends on the questions of the study and the evaluation conditions. 

Furthermore, it has analysed studies and seen that the observer has to be trained to 

apply the scoring key correctly or rather the scoring key has to be adapted to the 

observation method. The more detailed a scoring key is the more intensively the 

observer has to be trained and the better reality can be captured. The main aspect of 

this literature review is that the downside of all these possible approaches is a general 

lack of comparability in terms of result interpretation. Therefore, more effort seems 

necessary to harmonise the different approaches to only a few, or preferably only one, 

common scoring key with different detail levels which can be transferred to each other. 
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MATERIAL AND METHODS 

General aspects 

Both studies were conducted on the Futterkamp agricultural research farm of the 

Chamber of Agriculture of Schleswig-Holstein. The data collection for the ‘crude fibre 

study’ took place from September 2016 until January 2017. The data collection for the 

‘animal-to-feeding-place ratio study’ started in June 2016 and was completed in April 

2017. The animals on this research farm were housed according to the guidelines of 

the EU Directive 2008/120/EG, the EU Directive 2010/63/EU and the ‘German Order 

for the Protection of Production Animals used for Farming Purposes and other Animals 

kept for the Production of Animal Products’ (TierSchNutztV, 2017). The taking of the 

blood samples during this study was licensed by the Ministry of Energy, Agriculture, 

the Environment, Nature and Digitalization in Schleswig-Holstein (MELUR, Licence 

No. V242-44930/2016 (87-7/16)). 

Housing and animals 

Both trials of the 'crude fibre study' were carried out in five identical compartments 

inside the rearing area of the research farm, whereby the trials were conducted 

consecutively. In each compartment were eight pens with a size of 1.70 x 2.80 m² 

housing twelve weaning pigs each (Figures 1a and 1b). A heated area which was 

covered for the first three weeks of the rearing period was provided for the piglets at 

the back of the pens. No bedding material was provided on the fully slatted plastic floor 

of the pens.  

The pens were equipped with one nipple drinker and a 50 cm diameter round trough 

with an animal-to-feeding-place ratio of 2:1. The piglets were fed ad libitum with mash 

feed, whereby the amount of feed provided could be measured for each pen exactly. 

A sensor measured the filling of the trough every 25 minutes and refilled it when 

needed between 6.00 a.m. and 10.00 p.m. The temperature was automatically 

regulated and set at 26.0°C at the beginning of the rearing period and afterwards 
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decreased stepwise to 23.0°C. The lighting followed no particular scheme during 

daytime, whilst emergency illumination was available during the night time (between 

7.00 p.m. and 6.00 a.m.). To satisfy the piglets need for occupation material, all pens 

were each enriched with one cotton rope and one metal chain with a plastic element, 

which hung from the wall of each pen. Additionally, about 50 g straw per pen in the 

morning and in the afternoon were placed on the bare pen floor. Twelve undocked, 

non-castrated male and female crossbreed piglets (Pietrain x [Large White x  

Landrace]) were gender-mixed grouped together in one pen (space allowance: 0.40 m² 

per piglet), resulting in 96 piglets in each compartment. The piglets were weaned after 

an average suckling period of 28 days and tripled their weight during the 40-days 

rearing period from 7.9 kg (± 1.1 kg) to 26.5 kg (± 4.3 kg). 

 

 

  

 

 

Figure 1a: Compartment structure with 8 pens in 

the 'crude fibre study' 

Figure 1b: Pen structure in the 

'crude fibre study' 

F: Feeding provided from round troughs 
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The 'animal-to-feeding-place ratio study' was carried out in only one compartment 

inside the rearing area on the research farm. This compartment involved four pens with 

a size of 2.75 x 3.40 m², fully slatted plastic floor and at the back of the pen a heated 

area which was covered for the first three weeks of the rearing period (Figures 2a and 

2b). Again, no further bedding material was provided. Both nipple drinkers and bowl 

drinkers were mounted in the pens. All piglets were fed dry feed ad libitum, whilst the 

feeding system differed depending on the treatment group. Two pens were equipped 

with a conventional short trough (animal-to-feeding-place ratio of 4:1) and the other 

two pens were equipped with a long trough (animal-to-feeding-place ratio of 1:1). As 

during the 'crude fibre study', the temperature was regulated automatically, set at 

29.0 °C at the beginning of the rearing period and afterwards decreased stepwise to 

22.0 °C. The lighting followed no particular scheme; just emergency lighting was 

available at night.  

 

 

 

Figure 2a: Compartment structure 

with 4 pens in the 

'animal-to-feeding-place 

ratio study' 

Figure 2b: Pen structure in the 'animal-to-

feeding-place ratio study' 

ST: short trough, LT: long trough 
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As occupation material, one cotton rope and one metal chain with a plastic element 

hung freely inside each pen with space to the pen wall, so the animals were able to 

manipulate it from all sides. Additionally, the piglets received about 100 g chopped 

straw per day and pen in piglet bowls, which corresponds to a handful of material in 

the morning and the afternoon. This chopped straw was to satisfy the rooting behaviour 

of the piglets. In the pens with a short trough, twenty-four undocked piglets were 

penned together. Due to the higher space-consumption of the long trough, we decided 

to keep only twenty-two undocked piglets in these pens. Thus, an identical animal-to-

feeding-place ratio in all pens was guaranteed. Non-castrated male and female 

crossbreed piglets (Pietrain x [Large White x Landrace]) were grouped gender-sorted 

in different pens. The piglets were weaned after an average suckling period of 28 days 

with a weight of 7.5 kg (± 1.5 kg) on average. At the end of the 40-day rearing period, 

the piglets had increased their weight to 25.1 kg (± 4.2 kg) on average. 

Experimental design 

The 'crude fibre study' lasted throughout the complete rearing period and consisted 

of two trials, which were planned identically and executed consecutively. In the first 

trial, soya shells were added to the piglets’ ration to achieve different amounts of crude 

fibre, whereby the second trial referred to different crude fibre components. Both trials 

consisted of five batches, lasting 40 days each. These batches were performed 

simultaneously but with a shift of one week due to the farrowing rhythm. All batches 

belonged to one compartment and therefore included eight pens with twelve animals 

per pen. The compartments were subdivided into four treatment groups considering 

two pens per treatment group in each batch. Thereby, the locations of the treatment 

groups within the compartment were randomised. Overall, 960 piglets were used in the 

present study with 480 piglets per trial and 96 piglets per batch. Each treatment group 

accounted for 120 piglets. Until weaning all piglets were fed the same pre-starter. 

During the rearing period, all piglets received the same three-phased basic diet (Table 

1). The feed of phase I was fed from day 1 to day 13, phase II lasted from day 17 to 

day 28 and phase III from day 32 to 40. A three-day intersection was performed at 

each change of feed, whereby 80% of the previous feed and 20% of the new feed were 
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fed on the first day, 50% of each feed on the second day and 20% of the previous feed 

and 80% of the new feed on the third day. This basic diet contained a crude fibre 

content of 3.4% in phase I and 4.0% in phases II and III. Additionally, the basic diet 

was enriched with different feed supplements depending on the treatment group. 

These were mixed into the ration so the piglets were not able to select them. In the first 

trial, the fibre content was increased by adding soya shells (Table 1) to the basic diet, 

or rather by providing ad libitum in separate piglet bowls in one treatment group. The 

piglets of the control group (CG1) were given only the basic diet. Three treatment 

groups were used in the first trial: G5, G6 and AL. The piglets of treatment group G5 

were given 4.9% soya shells in feeding phase I, and 3.3% admixed to their ration in 

feeding phases II and III to achieve a total crude fibre content of 5.0%. The piglets of 

treatment group G6 received 8.1% soya shells in feeding phase I, and 6.6% admixed 

to their ration in feeding phases II and III, which resulted in a total crude fibre content 

of 6.0%. The piglets of treatment group AL received soya shells pressed to pellets ad 

libitum in separate piglet bowls as additional crude fibre provision. These piglet bowls 

were filled up twice a day to guarantee uninterrupted access to soya shell pellets. The 

second trial referred to three different crude fibre components so three treatment 

groups were formed in addition to the control group (CG2), which received the same 

ration as CG1. The different treatment groups received either soya shells (SS), dried 

pulp (DP) or oat fibre (OF) admixed to their ration. A crude fibre content of 6.0 % was 

achieved in all three groups (Table 1). 

The 'animal-to-feeding-place ratio study' was conducted throughout the complete 

rearing period and consisted of four batches, lasting 40 days each. The batches were 

executed consecutively in the same compartment, which was subdivided into four 

pens, two equipped with a conventional short trough (animal-to-feeding-place ratio of 

4:1) and the other two with a long trough (animal-to-feeding-place ratio of 1:1). Hence, 

two treatment groups were available for comparison in each batch and two pens 

belonged to each treatment group. The piglets were gender-sorted, thus one pen per 

treatment group was used for males and one for females. Overall, 368 piglets were 

used in the 'animal-to-feeding-place ratio study', whereby 192 piglets belonged to the 
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control group with the short trough (ST) and 176 piglets to the treatment group with the 

long trough (LT). 

 

Table 1: Analysed composition of the basis diet during the three feeding phases (I, II, 

III) and the admixed feeding supplements 

 Phase  

I 

Phase 

II 

Phase 

III 

Soya 

shells 

Dried 

pulp 

Oat 

fibre 

Metabolic 

energy (ME) 

MJ 14.10 13.20 13.00 0.95 7.65 3.94 

Raw protein % 17.90 17.00 16.90 9.09 8.34 3.91 

Total crude fat % 7.29 4.08 3.14 1.58 1.22 1.68 

Crude fibre % 3.47 3.94 3.97 34.50 15.20 26.30 

Nitrogen-free 

extract (NfE) 

% 55.00 57.20 58.40 38.50 58.10 54.20 

Acid detergent 

fibre (ADF) 

% 4.14 5.21 5.06 45.20 21.70 36.00 

Organic acid 

detergent fibre 

(ADF org.) 

% 40.06 5.09 4.91 44.80 19.90 33.20 

Amylase-

treated neutral 

detergent fibre 

(aNDF) 

% 11.10 12.90 13.70 59.50 34.80 65.90 

Organic 

amylase-

treated neutral 

detergent fibre 

(aNDF org.) 

% 11.10 12.90 13.50 58.00 32.50 64.40 

Lysine % 1.43 1) 1.30 1) 1.20 1)    

1) Lysine was not analysed, thus the given values were taken from declaration. 
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Intervention measures in case of tail-biting  

In case of tail-biting, additional manipulable material such as jute bags hung from 

the pen wall was provided in the affected pens. Furthermore, the biter was separated 

from the group if identifiable during the daily animal observation routine. In case of 

severe tail-lesions, the bitten piglet was medically treated and, if necessary, separated 

as well. Animals that were separated from the group were excluded from the study. 

Different numbers of piglets were removed due to animal losses or to maintain 

animal protection after tail-biting. In the first trial of the 'crude fibre study', one piglet 

died in treatment group CG1 and one piglet was removed from the group as an 

identified biter in treatment group G6. In the second trial of the 'crude fibre study', the 

animal losses spaced out mostly evenly across all treatment groups. Thereby, six 

piglets were removed as victims in treatment group CG2; one piglet was identified as 

a biter, and one piglet died during the study. Four victims and one biter were separated 

in treatment group SS, two victims and three biters in treatment group DP and six 

victims and two biters in treatment group OF. Therefore, 2.9% of all study animals were 

removed for all indications in the ‘crude fibre study’.  

During the 'animal-to-feeding-place ratio study', a total number of 31 piglets were 

removed from the study, either due to animal losses or due to maintaining the animal 

protection after tail-biting. In the 1st and the 3rd batches, no piglets were removed from 

the study. In the 2nd batch, seven piglets of the control group ST and thirteen piglets of 

the treatment group LT were removed and therefore excluded from the study. In the 

4th batch, ten piglets were removed from the control group ST and one piglet from the 

treatment group LT. Therefore, in the 'animal-to-feeding-place ratio study', 8.4 % of all 

study animals were removed. 
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Data collection 

Tail-scoring 

The tails of the piglets during the 'crude fibre study' were evaluated by two 

observers, who were trained to evaluate tail-biting damage equally. Each trial was 

observed completely by solely one of the two observers once a week for each piglet 

identified by its individual ear tag. The tail-scoring in the 'animal-to-feeding-place ratio 

study' was executed twice a week and by only one observer and, likewise, the tails 

were scored for each piglet identified by its individual ear tag. The evaluated 

parameters were tail-posture, tail-lesions, and tail-losses. Each evaluation started with 

the assessment of the tail-posture from the compartments’ central corridor, thus from 

outside the pen, and after standing in that position for a while, thus ensuring that the 

piglets and their tail-postures were not influenced by the observer. A modified score 

based on Kleinbeck and McGlone (1993) was used to evaluate the tail-posture (Figure 

3). The tail-lesions and tail-losses were scored according to the ‘German Pig Scoring 

Key’ (German designation: Deutscher Schweine Boniturschlüssel) (Anonymus, 2016) 

(Figure 4). 

 

     

Lifted and curled Lifted, but not 

curled 

Wagging Hanging Jammed 

between the 

hind legs 

Figure 3: A modified score for tail-posture based on Kleinbeck and McGlone (1993). 
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Tail-lesions  

    

No lesions Superficial lesions Small lesions Large lesions 

Tail-losses 

     

Original length Partial loss, 

< 1/3 

Partial loss, 

< 2/3 

Partial loss, 

> 2/3 

Complete loss 

Figure 4: ‘German Pig Scoring Key’ (German designation: Deutscher Schweine 

Boniturschlüssel) (Anonymus, 2016) 

Blood samples 

To examine the stress level and the immune status of the piglets in the 'animal-to-

feeding-place ratio study', blood samples were taken during the batches 2 to 4 from 14 

piglets per pen, which were randomly selected one week before weaning and 

subsequently used for taking blood samples. Hence, the development of the blood 

parameters of one piglet, identified by its individual ear tag, could be documented. 

These blood samples were taken at four dates within the first 10 weeks of life (Figure 

5). The analysed blood parameters were cortisol for establishing the stress level of the 

animals and immunoglobulin G and immunoglobulin M for establishing the immune 

status of the piglets.  

 



52 

 

Figure 5: Timing of the blood samples 

 

The blood parameters were determined by means of enzyme-linked immunosorbent 

assay (ELISA). Therefore, an evaluation kit by IBL International GmbH was used for 

cortisol and the Pig IgG and IgM ELISA Quantitation Set by Bethyl Laboratories Inc. 

for the immunoglobulins. Subsequently, the optical density was measured with a 

photometer at 450 nm. 

Statistical analysis  

The statistical analysis of the tail-lesions and tail-losses was done in the same way 

in both studies by using the statistical software R (R Core Team, 2018). The blood 

sample data in the 'animal-to-feeding-place ratio study' were statistically analysed by 

means of the Statistical Analysis Software SAS® 9.4 (SAS Institute Inc., 2008). To 

determine the statistical model for tail-lesions, tail-losses and blood sample data, fixed 

effects were added stepwise to the model and evaluated by the AICC ‘Akaike's 

information criterion corrected’ (Hurvich and Tsai, 1989) and the BIC ‘Bayesian 

information criterion’ (Schwarz, 1978) values. The model with the smallest AICC and 

BIC was chosen for further analyses. 
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Summarising scores 

The data of the tail-losses was surveyed as multinomial scores. However, due to 

the low frequencies of scores in both studies, only two classes for tail-losses (‘no tail-

loss’: score 0 and ‘tail-loss’ containing all degrees of tail-losses, score 1-4). 

Furthermore, small and large lesions were summarised to one score in the ‘crude fibre 

study’. 

Tail-lesions and tail-losses  

The data of the tail-lesions and tail-losses were evaluated with multinomial marginal 

binomial models (Pipper et al., 2012). The final models for tail-lesions contained the 

fixed effects batch, treatment group, rearing week ('crude fibre study') and scoring day 

('animal-to-feeding-place ratio study'), respectively and the interaction between batch 

and treatment group. Only the tail-losses at the end of the rearing period were 

considered. Thus, the final models for tail-losses contained the fixed effects batch, 

treatment group and the interaction between batch and treatment group. Hence, the 

temporal development was not considered. The glm function of the R package stats 

together with the functions glht and mmm of the R package multcomp (Hothorn et al., 

2008) were used to apply post-hoc-comparisons (p < 0.05) between factor levels. 

Blood samples 

The data of the blood parameters in the 'animal-to-feeding-place ratio study' were 

not normally distributed and therefore logarithmised. Three models were analysed, 

always one for cortisol, IgG, and IgM. The models of all three blood parameters 

contained the fixed effects batch (2 – 4), treatment group (short trough, long trough), 

scoring day (0, 1, 3, 9) and the interaction between scoring day and treatment group 

and the random effect piglet. The models were analysed using the mixed procedure 

(SAS Institute Inc., 2008). The significance of differences between the least square 

means (LS Means) were adjusted by the Bonferroni-correction. 

Moreover, to investigate the influence of tail-losses on the blood parameters, pigs 

were divided into two groups: pigs with tail-loss and pigs without tail-loss at the end of 
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the rearing period. Mixed models were analysed for all three blood parameters for both 

groups. These models contained the fixed effects batch (2 – 4), treatment group (short 

trough, long trough) and scoring day (0, 1, 3, 9) and the random effect piglet.  
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Abstract 

The aim of the study was to analyse the influence on tail-biting in undocked pigs 

during rearing period of crude fibre in piglets’ rations. The study comprised two trials 

with five batches each and overall 960 pigs kept in conventional pens. All pigs were 

fed the same pre-starter until weaning. Four experimental groups per trial were 

investigated during the rearing period. The first trial contained: a control group (CG1) 

with conventional feed (up to 4.0% crude fibre), two groups with an increased crude 

fibre content of up to 5.0% (G5) and 6.0% (G6), respectively, and one group with 

conventional feed and crude fibre provision ad libitum (AL). The second trial consisted 

of a control group (CG2) which received the same conventional feed as CG1 and three 

treatment groups with either soya shells (SS), dried pulp (DP) or oat fibre (OF) 

admixed to their ration, to achieve a crude fibre content of 6.0 % in all three groups. 

Tail-lesions and tail-losses were scored weekly. The rearing week, the batch, the 

treatment group (only in trial one) and the interaction between batch and treatment 

group had a significant influence on tail-lesions (p < 0.05). Tail-biting, with an 

occurrence of small and large lesions, started in the first trial of the study in the fifth 

week after weaning and in the second trial in rearing week three. Tail-losses appeared 

in both trials in the fourth or fifth weeks after weaning except for treatment group G5, 

which showed no tail-losses during the rearing period. The highest number of tail-

losses at the end of the rearing period occurred in the last batch of the first trial in 

treatment group G6 (45.5%) and in the second batch of the second trial in treatment 

group SS (40.0%). Due to the low frequency of tail-biting during the present study, 

crude fibre seems to have no major influence on tail-biting during the rearing period. 

Contrary to expectations, this result may be caused by the optimised conditions in 

which the piglets were kept and the intensive animal observation carried out by the 

employees. However, the batch effect was most influential. 
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1 Introduction 

Despite ongoing research during the last few years, tail-biting is still an important 

challenge in both conventional and alternative husbandry systems (Walker and Bilkei, 

2006; EFSA, 2007; Sonoda et al., 2013), although its prevalence is higher under 

conventional husbandry conditions (McGlone et al., 1990; Cox and Cooper, 2001; 

Walker and Bilkei, 2006). In the past, most farmers have docked the tails of their piglets 

within the first days of life to prevent tail-biting, which was only a cure for the symptom 

but did not solve the cause (Valros et al., 2016). However, routinely executed tail-

docking is prohibited by the EU directive (2008/120/EG) and the ‘German Order for the 

Protection of Production Animals used for Farming Purposes and other Animals kept 

for the Production of Animal Products’ (German designation: Tierschutz-

Nutztierhaltungsverordnung) (TierSchNutztV, 2017). However, tail-docking of single 

animals is allowed with an exemption to prevent this animal or other animals from 

damage. 

All forms of tail-biting show a multifactorial genesis as described in literature 

(Moinard et al., 2003; Sonoda et al., 2013; D'Eath et al., 2014; Valros et al., 2016), and 

until today no adequate measure against tail-biting has been found. However, the 

occurrence of stressful situations is an important factor which has been clearly 

identified to cause tail-biting (Munsterhjelm et al., 2013). Stress in weaning pigs is 

caused by several influences, for instance management factors such as separation 

from the sow (Scheffler et al., 2014), a change of diet caused by the lack of suckling 

milk (Hötzel et al., 2011), movement to another pen (Hötzel et al., 2011) and contact 

with new pen mates (Weary et al., 2008). Furthermore, environmental parameters such 

as climate (Taylor et al., 2010) or intrinsic factors such as health status (Schrøder-

Petersen and Simonsen, 2001) play major roles in the genesis of tail-biting. One 

measure to reduce the risk of tail-biting prescribed in the EU directive 2008/120/EG is 

free access to a sufficient amount of manipulable material, which often consists of a 

high amount of crude fibre and satisfies the rooting behaviour of the pigs. Conventional 

piglet rations often contain a comparatively low amount of crude fibre. This is because 

raising the crude fibre quota reduces the energy density of the feed wherefore farmers 
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worry about a decrease in daily growth performance (Edwards, 2003; Presto Åkerfeldt 

et al., 2018). However, crude fibre has positive effects on the intestinal tract (Wenk, 

2001; Holinger et al., 2018), reduce pen mate manipulation (Holinger et al., 2018) and 

therefore could reduce the risk of tail-biting. The feeling of satiety is prolonged due to 

longer retention time in the stomach and the longer time for digestion (de Leeuw et al., 

2008; da Silva et al., 2012). Furthermore, crude fibre decreases the production of 

stomach acid, which improves the stomach’s health by reducing the risk of gastric 

ulcers (Di Martino et al., 2013; Holinger et al., 2018). In the gut, crude fibre stimulates 

the intestinal wall mechanically; hence, intestinal motility is improved. Moreover, crude 

fibre is not able to pass the intestinal wall, which keeps water in the intestinal lumen 

and therefore shows the water-binding capacity of crude fibre (van Leeuwen and 

Jansman, 2007; da Silva et al., 2012). These two effects lead to improved faeces 

quality and prevent obstipation (Wenk, 2001). Additionally, crude fibre serves as an 

energy source for positive gut bacteria such as for instance lactobacilli or coliform 

bacteria (Wenk, 2001). Especially the neutral detergent fibre fraction, which can be 

varied by selecting various crude fibre components, is needed for the microflora of the 

hint gut (Noblet and Le Goff, 2001). The pathogenic bacteria are inhibited competitively 

by supporting the positive gut bacteria (Wenk, 2001). This leads to a lower production 

of toxins that damage the organism. Therefore, a higher crude fibre content and 

optimised composition of crude fibre in the feed ration offers better conditions for gut 

microflora, prevents the genesis of gastric ulcers and reduces the production of toxins. 

Thus, it can lead to improved animal health. In this way, stress levels of the animals 

are lowered, which potentially reduces the risk of tail-biting (Newberry and Wood-

Gush, 1988). 

The aim of this study was to analyse the influence of crude fibre in the weaning pigs’ 

ration on the occurrence of tail-biting during the rearing period. Therefore, two trials 

were conducted. In the first trial, a higher crude fibre content, and in the second, 

different crude fibre components were administered. We hypothesised that a higher 

and optimised content of crude fibre in piglets’ ration reduces the stress level for the 

animals and thus leads to a reduction in tail-biting.  
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2 Material and methods 

2.1 General aspects 

The data collection was carried out on the Futterkamp agricultural research farm of 

the Chamber of Agriculture of Schleswig-Holstein from September 2016 until January 

2017, whereby both trials were conducted consecutively. The animals were kept in 

accordance with the EU Directive (2008/120/EG), EU Directive (2010/63/EU) and the 

‘German Order for the Protection of Production Animals used for Farming Purposes 

and other Animals kept for the Production of Animal Products’ (TierSchNutztV, 2017).  

2.2 Housing and animals 

Five identical compartments inside the rearing area in the research farm were used 

for this study. Each compartment comprised eight pens (size: 1.70 x 2.80 m2) for 

twelve weaning pigs each. The pens were equipped with fully slatted plastic floor on 

which no further bedding material was provided. To satisfy the piglets’ need of water 

one nipple drinker was mounted in each pen, allowing free access to water all time. 

The feeding system was mash feed ad libitum out of round troughs (diameter 50 cm) 

with an animal to feeding place ratio of 2:1, whereby a sensor measured the filling of 

the trough each 25 minutes and refilled it when needed between 6.00 a.m. and 

10.00 p.m.. Thus, the amount of feed provided could be exactly measured for each 

pen. The temperature was automatically regulated in each compartment. It was set at 

26.0°C at the beginning of the rearing period and afterwards decreased stepwise to 

23.0°C. The lighting pursued no particular scheme; at night (between 7.00 p.m. and 

6.00 a.m.), emergency illumination was available. The pens were each enriched with 

one cotton rope and one metal chain with a plastic element, as occupation material, 

which hung from the wall of each pen. Additionally, the piglets were given about 100 g 

straw per pen and day, which corresponded to a handful of material in the morning and 

the afternoon, placed on the bare pen floor.  

Twelve undocked, non-castrated male and female crossbreed piglets 

(Pietrain x [Large White x Landrace]) were grouped together in one pen (space 

allowance: 0.40 m² per piglet), resulting in 96 piglets in each compartment. The piglets 
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were weaned after an average suckling period of 28 days with a weight of 

7.9 kg (± 1.1 kg) on average. The piglets had increased their weight to 

26.5 kg (± 4.3 kg) on average by the end of the 40-days rearing period. 

2.3 Experimental design 

The study was conducted during the rearing period and consisted of two trials: soya 

shells were added to the piglets’ ration to achieve different amounts of crude fibre for 

the first trial of the study. The second trial referred to different crude fibre components. 

The trials were planned identically and executed consecutively. Each trial consisted of 

five batches, which were performed simultaneously but with a shift of one week due to 

the farrowing rhythm. Thereby, each batch lasted 40 days. The batches included eight 

pens with twelve animals per pen (Figure 1). The compartments were subdivided into 

four treatment groups considering two pens per treatment group in each batch. The 

piglets were randomly selected after weaning. Overall, 960 piglets were used in the 

present study with 480 piglets per trial and 96 piglets per batch. Each treatment group 

accounted for 120 piglets.  

Until weaning all piglets were fed the same pre-starter. During the rearing period, all 

piglets received the same three-phased basic diet (Table 1). The feed of phase I was 

fed from day 1 to day 13, phase II lasted from day 17 to day 28 and phase III from day 

32 to 40. A three-day intersection was performed at each change of feed, whereby 

80% of the previous feed and 20% of the new feed were fed on the first day, 50% of 

each feed on the second day and 20% of the previous feed and 80% of the new feed 

on the third day. This basic diet contained a crude fibre content of 3.4% in phase I and 

4.0% in phases II and III. Additionally, the basic diet was enriched with different feed 

supplements, depending on the treatment group. These were mixed into the ration, so 

the piglets were not able to select them. 
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Figure 1: Schematic view of the experimental design. 120 piglets in total were used 

per treatment group. 
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2.3.1 Trial one – different amounts of crude fibre 

In the first trial, the fibre content was increased by adding soya shells (Table 1) to 

the basic diet, or rather by providing ad libitum in separate piglet bowls in one treatment 

group. The piglets of the control group (CG1) were given only the basic diet. Three 

treatment groups were used: G5, G6 and AL. The piglets of treatment group G5 were 

given 4.9% soya shells in feeding phase I, and 3.3% admixed to their ration in feeding 

phases II and III to achieve a total crude fibre content of 5.0%. The piglets of treatment 

group G6 received 8.1% soya shells in feeding phase I, and 6.6% admixed to their 

ration in feeding phases II and III, which resulted in a total crude fibre content of 6.0%. 

The piglets of treatment group AL received soya shells pressed to pellets ad libitum in 

separate piglet bowls as additional crude fibre provision. These piglet bowls were filled 

up twice a day to guarantee uninterrupted access to soya shell pellets.  

2.3.2 Trial two – different components of crude fibre 

The second trial referred to three different crude fibre components, so three 

treatment groups were formed in addition to the control group (CG2), which received 

the same ration as CG1. The different treatment groups received either soya 

shells (SS), dried pulp (DP) or oat fibre (OF) admixed to their ration. A crude fibre 

content of 6.0 % was achieved in all three groups (Table 1). 
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Table 1: Analysed composition of the basis diet during the three feeding phases (I, II, 

III) and the admixed feeding supplements 

 Phase  

I 

Phase 

II 

Phase 

III 

Soya 

shells 

Dried 

pulp 

Oat 

fibre 

Metabolic 

energy (ME) 

MJ 14.10 13.20 13.00 0.95 7.65 3.94 

Raw protein % 17.90 17.00 16.90 9.09 8.34 3.91 

Total crude fat % 7.29 4.08 3.14 1.58 1.22 1.68 

Crude fibre % 3.47 3.94 3.97 34.50 15.20 26.30 

Nitrogen-free 

extract (NfE) 

% 55.00 57.20 58.40 38.50 58.10 54.20 

Acid detergent 

fibre (ADF) 

% 4.14 5.21 5.06 45.20 21.70 36.00 

Organic acid 

detergent fibre 

(ADF org.) 

% 40.06 5.09 4.91 44.80 19.90 33.20 

Amylase-

treated neutral 

detergent fibre 

(aNDF) 

% 11.10 12.90 13.70 59.50 34.80 65.90 

Organic 

amylase-

treated neutral 

detergent fibre 

(aNDF org.) 

% 11.10 12.90 13.50 58.00 32.50 64.40 

Lysine % 1.43 1) 1.30 1) 1.20 1)    

1) Lysine was not analysed, thus the given values were taken from declaration. 
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2.4 Intervention measures in case of tail-biting 

Additional manipulable material, such as jute bags, which hung from the pen wall, 

was provided in case of tail-biting. Additionally, the biter was separated from the group 

if identified during the daily animal observation routine. In case of severe tail-lesions, 

the bitten piglet was medically treated and, if necessary, separated as well. Animals 

that were separated from the group were excluded from the study. 

In the present study, different numbers of piglets were removed due to animal losses 

or to maintain animal protection after tail-biting. One piglet died in the first trial in 

treatment group CG1 and one piglet was identified as a biter in treatment group G6 

and therefore removed from the group. In the second trial, the animal losses spaced 

out mostly evenly across all treatment groups, whereby five to eight piglets were 

removed from the study per treatment group. Six piglets were removed as victims in 

treatment group CG2; one piglet was identified as a biter and one piglet died during 

the study. Four victims and one biter were separated in treatment group SS, two victims 

and three biters in treatment group DP and six victims and two biters in treatment group 

OF. Therefore, 2.9% of all study animals were removed for all indications. 

2.5 Data collection 

Two observers were trained to evaluate tail-biting lesions reliably and agreeably by 

examining the tails of the piglets. Each trial was observed completely by solely one of 

the observers. The tails of all piglets were scored once a week by means of two 

parameters: tail-lesions and tail-losses, according to the ‘German Pig Scoring Key’ 

(German designation: Deutscher Schweine Boniturschlüssel) (Anonymus, 2016) that 

includes four categories for tail-lesions (0: no lesions; 1: superficial lesions; 2: small 

lesions; 3: large lesions) and five categories for tail-losses (0: original length; 1: partial 

loss, up to one third of the original length; 2: partial loss, up to two thirds of the original 

length; 3: partial loss, more than two thirds of the original length; 4: complete loss). 

Tail-lesions and tail-losses were scored for each piglet identified by its individual ear 

tag. 
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2.6 Statistical analysis 

The statistical analysis of both trials of this study was performed in the same way, 

using the statistical software R (R Core Team, 2017) version 3.3.3. To determine the 

statistical model, fixed effects were added stepwise to the model and evaluated by the 

AICC ‘Akaike's information criterion corrected’ (Hurvich and Tsai, 1989) and the BIC 

‘Bayesian information criterion’ (Schwarz, 1978) values. The model with the smallest 

AICC and BIC was chosen for further analyses of the tail-lesions and tail-losses. 

2.6.1 Tail-lesions 

The data of the tail-lesions were surveyed as multinomial scores. Due to low 

frequencies of scores, small and large lesions corresponding to scores 2 and 3 were 

summarised to a score of 2. The multinomial data of tail-lesions (score 0 – 2) were 

evaluated with multinomial marginal binomial models (Pipper et al., 2012). The 

analysis of the AICC and BIC values led to a final model containing the fixed effects 

batch (1 – 5), treatment group (trial one: CG1, G5, G6, AL; trial two: CG2, SS, DP, OF 

respectively), rearing week (1 – 6) and the interaction between batch and treatment 

group. The glm function of the R package stats (R Core Team, 2017) together with the 

functions glht and mmm of the R package multcomp (Hothorn et al., 2008) were used 

to apply post-hoc-comparisons (p < 0.05) between factor levels. 

2.6.2 Tail-losses 

The data of the tail-losses were surveyed as multinomial scores as well. However, 

only two classes for tail-losses (0: no tail-losses; 1: all degrees of tail-losses) were used 

due to the low frequencies of scores. The model of tail-losses, now binomial distributed, 

contained the fixed effects batch (1 – 5), treatment group (CG1, G5, G6, AL and CG2, 

SS, DP, OF respectively) and the interaction between batch and treatment group. 

Thus, temporal development was not considered. The model was analysed using the 

glm function of the R package stats (R Core Team, 2017) together with the functions 

glht and mmm of the R package multcomp (Hothorn et al., 2008) to apply post-hoc-

comparisons (p < 0.05) between factor levels.  
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3 Results 

3.1 Trial one – different amounts of crude fibre 

3.1.1 Tail-lesions 

Figure 2 delineates the influence of the rearing week on the occurrence of tail-

lesions during the first trial of the study. The highest number of uninjured tails occurred 

in the middle of the rearing period with 90.5% in the third and 89.2% in the fourth 

rearing week, while a minimum of uninjured tails could be observed with a percentage 

of 69.1% in the last rearing week. Most lesions were superficial (27.6%) at the 

beginning of the rearing period, whereby the number of superficial lesions decreased 

to 8.4% in the following two weeks and then increased continuously to 15.0% in the 

last rearing week. From the fifth week on, the number of small and large lesions rose 

to 15.0% at the end of the rearing period.  

Figure 3 delineates the tail-lesions in accordance with the interaction between batch 

and treatment group. Only a few significant differences could be found in the treatment 

groups. The highest number of uninjured tails (91.7%) occurred in the 2nd batch, in 

treatment group G5. Focusing on the differences between the batches within one 

treatment group, it is noticeable that more differences occurred significantly between 

the batches than the treatment groups. Merely treatment group G5 had no significant 

differences concerning the uninjured tails and the superficial lesions. Focusing on 

small and large lesions, significant differences occurred merely in treatment group G6, 

whereby the 5th batch showed significantly more small and large lesions than the 1st 

and the 3rd batches.  
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Figure 2: Tail-lesions during the first trial of the study in accordance to the rearing 

week. Different letters mark significant differences (p < 0.05) between the 

rearing weeks. 
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Figure 3: Tail-lesions during the first trial of the study in accordance to the interaction 

between batch and treatment group. Lowercase letters mark differences 

between the treatment groups within one batch (p < 0.05) and capital 

letters mark differences between the batches within one treatment group 

(p < 0.05).  
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69 

3.1.2 Tail-losses 

The model investigating the influence of the interaction between batch and 

treatment group on the occurrence of tail-losses at the end of the rearing period 

showed that 8.3% of the piglets had tail-losses in the 3rd batch in the control group 

CG1 and the 5th batch in treatment group AL, 20.8% in the 4th batch in treatment group 

AL and 45.5% in the 5th batch in treatment group G6. No tail-losses occurred in all 

treatment groups in the 1st and the 2nd batches. Treatment group G5 was the only 

group without tail-losses. Hence, no significant differences between the treatment 

groups and the batches were found.  

3.2 Trial two – different components of crude fibre 

3.2.1 Tail-lesions 

Figure 4 delineates the influence of the rearing week on the occurrence of tail-

lesions during the rearing period of the second trial of the study. The highest number 

of uninjured tails occurred in the 2nd week after weaning (87.9%). Afterwards, the rate 

of uninjured tails decreased to a minimum of 56.5% in the last rearing week. Figure 4 

delineates that only a few small and large lesions occurred at the beginning of the 

rearing period. The highest number of small and large lesions occurred again at the 

end of the rearing period (37.5%). 

Figure 5 delineates the number of tail-lesions in accordance to the interaction 

between batch and treatment group. Only a few significant differences could be 

detected in the treatment groups. The highest number of uninjured tails (95.1%) 

occurred in the 1st batch in treatment group DP. However, no significant differences in 

superficial lesions existed. Significant differences in small and large lesions could be 

found merely in batches 1 to 3, whereby treatment group SS had the highest number 

of small and large lesions in the 1st batch (19.0%), treatment group DP in the 2nd batch 

(28.4%) and treatment group OF in the 3rd batch (23.8%). More significant differences 

occurred between the batches than between the treatment groups as in the first trial of 

the study. In the control group CG2, the 1st batch showed significantly more uninjured 

tails (84.7%) than batch 2 (61.4%), as within treatment group DP where the 1st batch 
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had significantly more uninjured tails (95.1%) than all following batches. In treatment 

group SS, the highest number of uninjured tails occurred in the 3rd batch (82.6%) and 

the lowest number in the 2nd batch (63.5%). Significant differences in small and large 

lesions occurred in all treatment groups.  

 

Figure 4: Tail-lesions during the second trial of the study in accordance to the 

rearing week. Different letters mark significant differences (p < 0.05) 

between the rearing weeks. 
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Figure 5: Tail-lesions during the second trial of the study in accordance to the 

interaction between batch and treatment group. Lowercase letters mark 

differences between the treatment groups within one batch (p < 0.05) and 

capital letters mark differences between the batches within one treatment 

group (p < 0.05). 
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3.2.2 Tail-losses 

The model investigating the influence of the interaction between batch and 

treatment group on the occurrence of tail-losses at the end of the rearing period 

showed that 27.8% (2nd batch), 31.8% (3rd batch), 4.2% (4th batch) and 0.0% (1st and 

5th batch) of the piglets had tail-losses in the control group CG2, 40.0% (2nd batch), 

8.3% (4th batch), 4.2% (5th batch) and 0.0% (1st and 3rd batch) in treatment group SS, 

31.3% (2nd batch), 21.7% (3rd batch) and 0.0% (1st, 4th and 5th batch) in treatment group 

DP and 22.2% (3rd batch), 8.3% (1st batch), 5.0% (2nd batch), 4.2% (5th batch) and 

0.0% (4th batch) in treatment group OF. Despite the occurrence of more tail-losses at 

the end of the rearing period in the first trial compared to the second trail, no significant 

differences between the treatment groups and the batches were found.  

4 Discussion 

In this study, superficial lesions occurred from the beginning of the rearing period 

onwards (Figure 2 and Figure 4). These tail-lesions could originate from the suckling 

period and therefore be evaluated in the first rearing week. However, most studies 

have not been able observe tail-damage during the suckling period (van 

Nieuwamerongen et al., 2015), but two to three weeks after weaning (Abriel and Jais, 

2013, 2014; Veit et al., 2016; Veit et al., 2017; Naya et al., 2018). Another possible 

explanation is that these superficial tail-lesions are caused by rank fight during the first 

days of rearing. As literature shows, tail-biting often starts in the second to third week 

after weaning (Abriel and Jais, 2013, 2014; Veit et al., 2016; Veit et al., 2017; Naya et 

al., 2018). The piglets were moved to new compartments during weaning, so they had 

to deal with a completely new environment. Furthermore, the feed changed (Lallès et 

al., 2007) and the piglets were mixed into new groups, which could have led to a higher 

stress level (Hötzel et al., 2011; Proudfoot and Habing, 2015) and promoted fights 

during the first days (Parratt et al., 2006) as all these changes did. After a couple of 

days, the rank order had been established and the superficial lesions had time to heal. 

Then, the second cause of superficial lesions arose at the middle of the rearing period 

during this study when tail-biting started (Figure 2 and Figure 4). In compliance with 
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our observations, in this period, the superficial lesions appeared as predecessors of 

real bite marks, scored as small and large lesions.  

In the second trial of the study, more tail-losses at the end of the rearing period 

occurred compared to the first trial of the study. This is because tail-biting started in 

the second trial about two weeks earlier than in the first trial. However, due to the 

overall low occurrence of tail-biting, especially in the first trial of the study, only a few 

tail-losses at the end of the rearing period occurred in both trials. Thereby, one 

prominent appearance is that no tail-losses occurred in the first trial of the study in the 

first two batches. A possible explanation could be that the animals of these two batches 

were marked twice a week for video analyses and were therefore handled more than 

the other animals. This increased handling led to a higher human-animal interaction 

(Büttner et al., 2018) and additional variety during the everyday life of the piglets, which 

reduced the risk of tail-biting. 

A huge batch effect occurred during this study, which superimposed the treatment 

group effect, as is shown in Figure 3 and Figure 5. This is a challenge which former 

studies also have had to deal with (Veit et al., 2016; Veit et al., 2017; Naya et al., 2018). 

Possibly, a greater difference in the feed composition between the treatment groups 

could increase the treatment group effect. Moreover, conducting studies under 

different housing conditions could reduce the extrinsic influences and clarify the 

influence of the treatment group. The variable occurrence of tail-lesions during this 

study suggests that tail-biting is influenced by many extrinsic and intrinsic factors as 

summarised by (EFSA, 2007). For example, the health status of piglets and climate 

changes during the course of a study could explain the batch effect and possibly 

overlay the effect of the treatment group. However, the animals were not medically 

treated for diseases during this study and the batches were conducted with a temporal 

offset of only one week and therefore took place during one season. Thus, tail-biting is 

likely to be unpredictable (McGlone et al., 1990; D'Eath et al., 2018). During this study, 

it seems that the animals were kept under conditions which the piglets can deal with. 

Therefore, tail-biting can be compared to a bucket which spills over when different 

factors come together (Benard et al., 2013). If any additional stressors occur, the 

tolerable stress level could fast be reached and exceeded, which results in tail-biting.  
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The first trial of the study was conducted with the hypothesis that tail-biting 

decreased in treatment groups with a higher amount of crude fibre in the ration. 

However, the hypothesis could not be confirmed during the observation period. One 

possible reason is that the difference in crude fibre intake between the treatment 

groups was too slight to receive significant differences. The treatment group AL, which 

had constantly free access to soya shell pellets, had a crude fibre intake of between 

5.0 and 6.0% during the whole study, thus always between treatment groups G5 and 

G6. However, the used soya shells were not analysed for the presence of mycotoxins, 

which could have a negative influence on tail-biting and therefore overlap the positive 

effects of soya shells.  

The second trial of the study was conducted to analyse whether different 

components of crude fibre influenced tail-biting. Therefore, all piglets received a high 

amount of crude fibre in their ration, but from different components. As during the first 

trial, no appreciable differences between the treatment groups occurred. This leads to 

the deduction that a high amount of crude fibre in piglets’ ration affects tail-biting during 

rearing period more than the component used.  

Overall, only a few tail-lesions and tail-losses occurred during the whole study, 

which led to an absence of significant differences and furthermore to an impossibility 

of generalising these results. This low level of tail-biting had various justifications due 

to the multifactorial genesis of tail-biting. Tail-biting is always a result of many factors 

of influence that are not optimised. If there are only a few not well-adjusted factors, the 

piglets are able to compensate these suboptimal factors (Benard et al., 2013). 

However, if the number of these not well-adjusted factors increases, the tolerance 

against them decreases which can result in tail-biting. In the research farm the piglets 

were kept under well-adjusted conditions. Consequently, the risk of tail-biting was 

lower than on other conventional farms, which also masks the treatment group effect. 

Another important factor of influence is the group size. In this study, the piglets were 

kept in small groups with only twelve piglets per pen. Smaller groups often have a 

lower risk of tail-biting (Jericho and Church, 1972; Arey, 1991; Vermeer et al., 2014), 

because of a more stable rank order and therefore a lower level of social stress. 

Furthermore, the piglets received a small amount of straw twice a day that served as 
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additional occupation material and therefore reduced the risk of tail-biting (Zonderland 

et al., 2008; Galli et al., 2018; Lahrmann et al., 2018b). This additional straw provision 

was placed on the bare pen floor and therefore accessible to all piglets in the pen. 

Moreover, in contrast to the all time available occupation material, this straw satisfied 

the rooting behaviour of the piglets and served as a new impulse and variety (Trickett 

et al., 2009) since it was exhausted after a few minutes and the piglets had to wait for 

the next straw offer.  

The stable employee of the research farm executed a very intensive animal 

observation, which made it possible to recognise initial signs of unrest or stress within 

a group and react in a timely manner. Therefore, identified biters were separated from 

the group and jute bags (Ursinus et al., 2014) were placed in the affected pens as 

additional occupation material. This conduct is very important to maintain animal 

welfare but reduces tail-biting and therefore disguises the effect of the treatment 

groups. While comparing the present study with former studies which were conducted 

in the research farm (Veit et al., 2016; Veit et al., 2017; Naya et al., 2018), it became 

evident that tail-lesions and especially tail-losses occurred less frequently in the 

present study. This showed that the employees gained experience throughout the 

various studies. Thus, this observation gives an indication of the importance of good 

management and practice in an emerging tail-biting process (Valros et al., 2016).  

5 Conclusion 

Due to the low frequency of tail-biting during the present study, it is not easy to 

generalise the results achieved. However, crude fibre seems to have no major 

influence on tail-biting though it must be kept in mind that the batch effect overlapped 

the treatment group effect. It would be useful to observe more batches, contingently 

under different housing conditions, to minimise the batch effect.  

The key information of this study is that intensive animal observation performed by 

well trained staff is most influential for minimising the risk of tail-biting. The present 

study did not focus on warning signals, therefore further studies are needed, in which 

such signals such as indicators of tail-biting should be examined.  
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Abstract 

The aim of the study was to analyse the influence of the animal-to-feeding-place 

ratio on the occurrence of tail-biting during the rearing period. Moreover, the correlation 

was analysed between tail-biting and the stress level of the animals (measured by 

means of plasma cortisol) and their immunological status (measured by means of 

plasma immunoglobulin G and M). Therefore, pens with a long trough (animal-to-

feeding-place ratio of 1:1) were compared with pens with a conventional short trough 

(animal-to-feeding-place ratio of 4:1). The study comprises four batches with overall 

368 piglets. All tails of the piglets were scored twice a week to evaluate tail-biting. 

Furthermore, blood samples were taken to establish the development of cortisol and 

immunoglobulin level to detect potential differences between the treatment groups and 

in accordance with tail-biting. The scoring day, the batch, the treatment group and the 

interaction between batch and treatment group had a significant influence on tail-

lesions (p < 0.05). Tail-biting started in the second week after weaning. The lowest 

number of tail-losses occurred in both treatment groups in the 1st batch. However, the 

batch had a greater impact on tail-lesions and tail-losses than the treatment group. 

Regarding the blood parameters, the batch and the scoring day were associated with 

each examined blood parameter and furthermore the interaction between the scoring 

day and the treatment group was associated with IgM. The blood parameters did not 

differ between the treatment groups. The level of cortisol increased directly after 

weaning, which can be attributed to the stress during the weaning process caused by 

the separation from the sow, moving to another pen and mixing. The level of 

immunoglobulin G decreased during the rearing period, while the level of 

immunoglobulin M increased, which indicates the early immunological reaction 

towards infections with pathogens. Furthermore, during this study, tail-biting was 

related with a higher cortisol level in bitten piglets, which led to a suppressed 

immunological status.  

 As a conclusion it can be said that feeding management as the only measure does 

not prevent tail-biting. Moreover, during this study, tail-biting did not correlate with any 

blood parameter. Nevertheless, it could be helpful to feed piglets from a long trough 
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during the rearing period to minimise stressful situations and therefore reduce the risk 

of tail-biting. Moreover, it is important to keep in mind that the batch effect in this study 

is more prominent than the treatment group effect. 

1 Introduction 

In nature, pigs are social animals, so their behaviour within a group is synchronised 

and manners such as exploration, foraging for food and taking in feed are carried out 

simultaneously (Stolba and Wood-Gush, 1989; Young and Lawrence, 1994). 

Therefore, the organisation of feeding is an important aspect in pig husbandry and 

furthermore a factor of influence within the multifactorial genesis of tail-biting (Keeling 

et al., 2012). Short troughs are usually installed in conventional pens where only a few 

pigs can feed at the same time. In Germany, an animal-to-feeding-place ratio for 

growing pigs of 4 to 1 is required by law for ad libitum feeding (TierSchNutztV, 2017). 

Another factor of influence on tail-biting is the animals’ stress level (Schrøder-Petersen 

and Simonsen, 2001; Moinard et al., 2003; EFSA, 2007; Munsterhjelm et al., 2013; 

Grümpel et al., 2018). In stressful situations, the production of cortisol increases 

(Janssens et al., 1995). Such stressful situations could be caused by an inadequate 

animal-to-feeding-place ratio. If the hypothesis can be confirmed that in pens with a 

higher animal-to-feeding-place ratio a higher stress level of the animals and more tail-

biting can be observed, then it is possible to find a correlation between the blood 

parameters and feeding management and tail-biting, respectively. Therefore, in this 

study, plasma cortisol was used as an indicator of stress that might confirm the 

correlation between stress and tail-biting. The health status of an animal can have an 

important influence within the genesis of tail-biting (EFSA, 2007) as well. Each 

individual has several immunoglobulins to prevent itself from contracting a disease, 

whereby the risk of becoming affected by an infectious disease is higher the lower the 

level of specific immunoglobulins is. At the beginning of life, maternal immunoglobulins 

are ingested with colostrum and milk, respectively (Rooke and Bland, 2002). These 

immunoglobulins protect the piglets during their first days of life (Hunter, 1986; Rooke 

and Bland, 2002). After contact with antigens, the piglets start to produce their own 

immunoglobulins. This period when maternal immunoglobulins decrease and before 
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the piglets’ immunoglobulins reach an effective level is called the immunological gap. 

During this time, it may be the case that there is no adequate immunological protection, 

hence, the risk of becoming diseased peaks, which could have an influence on tail-

biting (Schrøder-Petersen and Simonsen, 2001). However, an infection or vaccination 

is needed to remove the immunological gap by developing a specific immune 

response.  

Thus, the aim of this study was to analyse the influence of the animal-to-feeding-

place ratio on the occurrence of tail-biting during the rearing period, evaluated by 

means of tail-lesions and tail-losses. Therefore, pens with a long trough were 

compared with pens with a conventional short trough focusing on the occurrence of 

tail-biting. Furthermore, blood samples were taken to analyse the correlation between 

tail-biting and the blood parameters cortisol, immunoglobulin G (IgG) and 

immunoglobulin M (IgM).  

2 Materials and Methods 

2.1 General aspects 

This study was conducted on the Futterkamp agricultural research farm of the 

Chamber of Agriculture of Schleswig-Holstein in Germany from June 2016 until April 

2017. The animals were housed complying with the EU Directive (2008/120/EG), EU 

Directive (2010/63/EU) and the ‘German Order for the Protection of Production 

Animals used for Farming Purposes and other Animals kept for the Production of 

Animal Products’ (TierSchNutztV, 2017). The taking of the blood samples during this 

study was licensed by the Ministry of Energy, Agriculture, the Environment, Nature and 

Digitalization in Schleswig-Holstein (MELUR, Licence No. V242-44930/2016 (87-

7/16)). 

2.2 Housing and animals 

The study was conducted in one compartment of the rearing area on the research 

farm. This compartment comprised four pens with a size of 2.75 x 3.40 m². Pens were 

equipped with fully slatted plastic floor without any bedding material. A heated area for 
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the piglets which was covered for the first three weeks of the rearing period was 

provided at the back of the pen. Water was provided by nipple drinkers and bowl 

drinkers. The feeding system offered dry feed ad libitum. The temperature was 

regulated automatically, set at 29.0 °C at the beginning of the rearing period and 

afterwards decreased stepwise to 22.0 °C. Lighting pursued no particular scheme; at 

night, just an emergency lighting was available. For the provision of occupation 

material, the pens were enriched with both one cotton rope and one metal chain with 

a plastic element, which hung freely inside each pen with space to the pen wall, so the 

animals were able to manipulate it from all sides. Additionally, the piglets received 

about 100 g chopped straw per pen in piglet bowls to satisfy the rooting behaviour, this 

corresponds to a handful of material in the morning and the afternoon. 

Twenty-four piglets were penned together in pens with a short trough. Due to the 

greater space consumption of the long trough, a reduced number of twenty-two piglets 

were penned together in pens with a long trough. Hence, the animal-to-place ratio was 

identical. All piglets were undocked. Non-castrated male and female crossbreed piglets 

(Pietrain x [Large White x Landrace]) were grouped by gender in different pens. The 

piglets were weaned after an average suckling period of 28 days with a weight of 

7.5 kg (± 1.5 kg) on average. At the end of the 40-days rearing period, the piglets had 

increased their weight to 25.1 kg (± 4.2 kg) on average. 

2.3 Experimental design 

The study consisted of four batches, which were executed consecutively in the same 

compartment. The monitoring period of each batch was 40 days, thus throughout the 

complete rearing period. The used compartment was subdivided into four pens, two 

equipped with a conventional short trough (animal-to-feeding-place ratio of 4:1) and 

the other two with a long trough (animal-to-feeding-place ratio of 1:1) (Figure 1). Hence, 

two treatment groups were available for comparison in each batch and two pens belong 

to each treatment group. The piglets were penned together by gender, thus one pen 

per treatment group was used for males and one for females. Overall, 368 piglets were 

used in the present study, whereby 192 piglets belonged to the control group with the 

short trough (ST) and 176 piglets to the treatment group with the long trough (LT).  
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Figure 1: Pen structure 

2.4 Intervention measures in case of tail-biting 

In case of tail-biting, jute bags were provided as additional manipulable material in 

the affected pens. Furthermore, if the biter was identifiable, it was separated from the 

group. Bitten piglets having severe tail-lesions were medically treated and, if 

necessary, separated as well. Animals, which had been separated from the group, 

were therefore excluded from the study. 

In the present study, 31 piglets were removed in total, either due to animal losses 

or due to maintaining animal protection after tail-biting. In the 1st and the 3rd batches 

no piglets were removed from the study. In the 2nd batch, seven piglets of the control 

group ST and thirteen piglets of the treatment group LT were removed and therefore 

excluded from the study. In the 4th batch, ten piglets were removed from the control 

group ST and one piglet from the treatment group LT. Therefore, 8.4 % of all study 

animals were removed. 

2.5 Data collection 

2.5.1 Tail-scoring 

The tails of all piglets were scored twice a week for each piglet identified by its 

individual ear tag, whereby each scoring was executed by the same observer. 
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Thereby, tail-lesions and tail-losses were evaluated according to the ‘German Pig 

Scoring Key’ (German designation: Deutscher Schweine Boniturschlüssel) 

(Anonymus, 2016) that includes four categories for tail-lesions (0: no lesions; 

1: superficial lesions; 2: small lesions; 3: large lesions), whereby small means that the 

lesion is smaller than the diameter of the tail at the injured area and large that the 

lesion is larger than the diameter of the tail at the injured area; and five categories for 

tail-losses (0: original length; 1: partial loss, up to one third of the original length; 

2: partial loss, up to two thirds of the original length; 3: partial loss, more than two thirds 

of the original length; 4: complete loss), whereby complete loss means that the 

remaining stump is shorter than 0.5 cm.  

2.5.2 Blood samples 

Blood samples were taken during the batches 2 to 4. The blood samples were taken 

from 14 piglets per pen. These 14 piglets were randomly selected one week before 

weaning and subsequently used for taking blood samples; hence, the development of 

the blood parameters of these piglets could be documented. The blood samples were 

taken four times within the first ten weeks of life (Figure 2): one week before weaning 

(zeroth scoring day), directly after weaning (first scoring day), one week after weaning 

(third scoring day) and one week before ending the rearing period (ninth scoring day). 

The analysed blood parameters were cortisol for establishing the stress level of the 

animals and immunoglobulin G (IgG) and immunoglobulin M (IgM) for establishing the 

immunological status of the piglets.  

The blood parameters were determined by means of enzyme-linked immunosorbent 

assay (ELISA). Therefore, an evaluation kit by IBL International GmbH was used for 

cortisol and the Pig IgG and IgM ELISA Quantitation Set by Bethyl Laboratories Inc. 

for the immunoglobulins. Subsequently, the optical density was measured with a 

photometer at 450 nm.  
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Figure 2: Time of blood sampling 

2.6 Statistical analysis 

For the statistical analysis of the tail-lesions and tail-losses the statistical software 

R (R Core Team, 2018) version 3.5.1 was used and the blood sample data were 

analysed with SAS® 9.4 (SAS Institute Inc., 2008). To determine the statistical model, 

fixed effects were added to the model in a stepwise manner and evaluated by AICC 

‘Akaike's information criterion corrected’ (Hurvich and Tsai, 1989) and the BIC 

‘Bayesian information criterion’ (Schwarz, 1978) values. The model with the smallest 

AICC and BIC was chosen for further analyses.  

2.6.1 Tail-lesions and tail-losses  

The data of the tail-losses were surveyed as multinomial scores. However, due to 

the low frequencies of scores, only two classes were used (‘no tail-loss’: score 0 and 

‘tail-loss’ containing all degrees of tail-losses, score 1-4). 

The data of tail-lesions and tail-losses were evaluated by means of multinomial 

marginal binomial models (Pipper et al., 2012). The final model for tail-lesions 

contained the fixed effects batch (1 – 4), treatment group (short trough, long trough), 

scoring day (1 – 11) and the interaction between batch and treatment group. Due to 

the inability of tails to regrow, merely the tail-losses on the last scoring day were 

considered. The model of tail-losses contained the fixed effects batch (1 – 4), 

treatment group (short trough, long trough) and the interaction between batch and 
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treatment group. The scoring day and thus, the temporal development was not 

considered. To apply post-hoc-comparisons (p < 0.05) between factor levels, the glm 

function of the R package stats (R Core Team, 2018) together with the functions glht 

and mmm of the R package multcomp (Hothorn et al., 2008) were used. 

2.6.2 Blood samples 

The data of the three blood parameters were not normally distributed and therefore 

logarithmised. The models of the three blood parameters cortisol, IgG and IgM 

contained the fixed effects batch (2 – 4), treatment group (short trough, long trough), 

scoring day (0, 1, 3, 9) and the interaction between scoring day and treatment group 

and the random effect piglet. The models were analysed using the mixed procedure 

(SAS Institute Inc., 2008). The significance of differences between the least square 

means (LS Means) were adjusted by the Bonferroni-correction. 

Moreover, to investigate the influence of tail-losses on the blood parameters, pigs 

were divided into two groups: pigs with tail-loss and pigs without tail-loss at the end of 

the rearing period. Mixed models were analysed for all three blood parameters for both 

groups. These models contained the fixed effects batch (2 – 4), treatment group (short 

trough, long trough) and scoring day (0, 1, 3, 9) and the random effect piglet. 

3 Results 

3.1 Tail-lesions 

The scoring day, the batch, the treatment group and the interaction between batch 

and treatment group had a significant influence on the occurrence of tail-lesions 

(p < 0.05). Figure 3 describes the temporal development of the tail-lesions during the 

rearing period. The highest number of uninjured tails occurred on the first scoring day 

(75.4 %), directly after weaning, and decreased successively until the tenth scoring 

day (24.8 %). The number of superficial tail-lesions was nearly equal on all scoring 

days and ranged from 22.2 % to 39.4 %. Most large tail-lesions occurred on the ninth 

scoring day with a percentage of 31.9 %. 
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Figure 3: Tail-lesions in accordance with scoring day. Different letters mark 

significant differences (p < 0.05) between scoring days. 

 

Figure 4 delineates the influence of the interaction between batch and treatment 

group on the occurrence of tail-lesions during this study. More significant differences 

occurred between the batches than between the treatment groups. No significant 

differences in superficial lesions occurred between the treatment groups.  
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Figure 4: Tail-lesions in accordance with interaction between batch and treatment 

group. Lowercase letters mark differences between treatment groups 

within one batch (p < 0.05) and uppercase letters mark differences 

between batches within one treatment group (p < 0.05). ST: short trough; 

LT: long trough. 

3.2 Tail-losses 

The percentage of tail-losses on the last scoring day of this study is shown in Figure 

5. The lowest number appeared at the end of the 1st batch with a percentage of 2.2 % 

in both treatment groups. More than half of the animals in the 3rd batch of the control 

 ST       LT           ST       LT           ST       LT           ST      LT     
        1                         2                        3                         4    

treatment group / batch 
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group (66.7 %) had tail-losses at the end of the rearing period. Again, more significant 

differences (p < 0.05) occurred between the batches than between the treatment 

groups. Significant differences between the treatment groups could merely be detected 

in the 3rd and 4th batches. 

 

 

 

Figure 5: Tail-losses at the end of the rearing period in accordance with interaction 

between batch and treatment group. Lowercase letters mark differences 

between treatment groups within one batch (p < 0.05) and uppercase 

letters mark differences between batches within one treatment group 

(p < 0.05). ST: short trough; LT: long trough 

 

 ST       LT           ST       LT           ST       LT           ST      LT     
        1                         2                        3                         4    

treatment group / batch 
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3.3 Blood samples 

The batch and the scoring day had a significant influence (p < 0.05) on each blood 

parameter and furthermore the interaction between scoring day and treatment group 

had a significant influence on IgM (p < 0.05). Table 1 shows the LS Means of the blood 

parameters cortisol, IgG and IgM with regard to the scoring day and the treatment 

group. No significant differences (p < 0.05) could be detected between the treatment 

groups within one scoring day for all blood parameters. In contrast, significant 

differences (p < 0.05) were detected between the days of blood samplings within one 

treatment group. The level of plasma cortisol was higher in both treatment groups on 

the first scoring day, which was directly after weaning. Afterwards, it decreased from 

the first to the third scoring day, which was significant (p < 0.05) in both treatment 

groups, and then increased insignificantly from the third to the ninth scoring day. The 

parameter IgG decreased continuously during the rearing period, whereas the 

decrease from the zeroth to the first scoring day was significant (p < 0.05) in both 

treatment groups. The parameter IgM developed contrarily. It increased during the 

rearing period, whereas this increase was significant (p < 0.05) in both treatment 

groups from the zeroth to the first scoring day and from the first to the third scoring day 

in treatment group LT and from the third to the ninth scoring day in treatment group 

ST. 

The statistical analysis of the models of the grouped data by tail-loss at the end of 

the rearing period revealed that the batch and the scoring day had a significant 

(p < 0.05) influence on all blood parameters. The treatment group merely had a 

significant (p < 0.05) influence on IgG in pigs without tail-losses and on cortisol and 

IgM in pigs with tail-losses at the end of the rearing period. The level of cortisol (Figure 

6) was higher for piglets with a tail-loss than for piglets with no tail-loss at the end of 

the rearing period. On the third scoring day, the difference between the LS means of 

cortisol was smallest between piglets with a tail-loss and piglets with no tail-loss at the 

end of the rearing period. The level of IgG and IgM was higher throughout the 

completely rearing period for piglets with no tail-loss than for piglets with a tail-loss at 

the end of the rearing period.  
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Table 1: LS Means1) and standard error of the blood parameters 

Scoring 
day 

Treatment 
group 

Cortisol2) 
(nmol/l) 

Immunoglobulin G2) 
(mg/ml) 

Immunoglobulin M2) 
(mg/ml) 

0 
0 

ST 
LT 

187.0aA 
188.0aAB 

3.59aA 
3.30aA 

0.42aA 
0.48aA 

1 
1 

ST 
LT 

224.7aB 
213.1aB 

2.78aB 
2.55aB 

0.74aB 
0.68aB 

3 
3 

ST 
LT 

142.5aC 
143.6aC 

2.42aBC 
2.34aB 

0.74aB 
0.81aC 

9 
9 

ST 
LT 

152.5aC 
167.4aAC 

2.16aC 
2.25aB 

0.97aC 
0.95aC 

 
Lowercase letters mark differences between treatment groups within one scoring day 

(p < 0.05) and uppercase letters mark differences between scoring days within one 

treatment group (p < 0.05).  

ST: short trough; LT: long trough 

1) Retransformed LS Means of the logarithmic data 

2) The standard error of the logarithmic data varied between 0.04 and 0.07. 
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Figure 6: LS Means and standard error of the blood parameters compared between 

piglets without tail-losses versus piglets with tail-losses at the end of the 

rearing period 
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4 Discussion 

4.1 Tail-biting  

4.1.1 Temporal development of tail-lesions  

In the present study, tail-biting started in the second week after weaning with the 

highest percentage of superficial lesions and a significant increase in small lesions on 

the fourth scoring day (Figure 3), which corresponds to other studies (Abriel and Jais, 

2013, 2014; Veit et al., 2016; Veit et al., 2017; Büttner et al., 2018; Naya et al., 2018). 

The highest number of uninjured tails occurred on the first scoring day (75.4 %). In 

the course of the rearing period, the number of tail-lesions increased. This is an often 

seen phaenomenon (Zonderland et al., 2009; Groffen, 2012) and explained among 

other things by the age of the animals (Haske-Cornelius et al., 1979; Simonsen, 1995; 

Schrøder-Petersen and Simonsen, 2001; Statham et al., 2011). Moreover, the piglets 

are penned together directly after weaning. During the rearing period, the animals triple 

their body weight. Hence, the available space per kg bodyweight is much smaller at 

the end of the rearing period than at the beginning. This increased stocking density 

can lead to more stress and therefore intensified tail-biting (Moinard et al., 2003; 

Grümpel et al., 2018), which is marked during this study by the appearance of the 

highest number of injured tails at the end of the rearing period.  

The amount of superficial tail-lesions is almost equal during the rearing period. 

Significant differences could only be detected on the forth scoring day. Either these 

superficial lesions can heal during a few days or they enlarge to more severe tail-

lesions. So, superficial tail-lesions can be seen as a transitory score. 

4.1.2 Animal-to-feeding-place ratio 

Feeding behaviour is naturally carried out simultaneously within a group (Stolba and 

Wood-Gush, 1989; Young and Lawrence, 1994). Furthermore, insufficient access to 

resources is suspected in literature as one of the main causes of tail-biting (Taylor et 

al., 2010; Telkänranta et al., 2016). Thus, the hypothesis of this study was that a long 

trough, which offers a feeding place for all animals of a group at the same time, leads 
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to a lower stress level within a group and therefore less tail-biting. Based on the results 

presented here, this effect could not be seen as clearly as expected. A possible 

explanation could be that the frequent and conscientious animal observation on the 

research farm followed by adequate intervention measures minimised the risk of tail-

biting (Valros et al., 2016) and therefore also the number of injured tails. The biter was 

separated afterwards by the employees and additional enrichment material as an early 

intervention measure was provided in the affected pen (Ursinus et al., 2014), which 

had an influence on the development of tail-biting as well and therefore influenced the 

presented results. Tail-biting could become more severe without these intervention 

measures, especially when the additional enrichment material used ensures greater 

novelty and therefore has an increased attractiveness (Trickett et al., 2009). 

Consequently, tail-biting could be prevented or stopped if it had started (Studnitz et al., 

2007; Lahrmann et al., 2018b). It is very likely that the treatment group effect would 

have be larger if no intervention measures had been performed, but such an approach 

is not acceptable due to animal protection laws. Another factor of influence that could 

have masked the treatment group effect was that the animals were penned together 

sorted by gender for practical reasons. In mixed-gender groups, tail-in-mouth activity 

increases, which could result in a greater risk of tail-biting (Schrøder-Petersen et al., 

2003).  

The highest number of tail-losses occurred in the 3rd batch in the control group with 

the short trough. This could lead to the assumption that a long trough possibly could 

reduce tail-biting within a group. This assumption is supported by the results of the 4th 

batch, where also more tail-losses occurred in the control group ST. However, in the 

2nd batch, more tail-losses occurred at the end of the rearing period in the treatment 

group LT than in the control group ST. However, this difference could not be confirmed 

statistically. This might show that there is more tail-biting in groups with a short trough, 

which could be induced by more fights for the resource feed and therefore more stress 

within a group. This competition for food can be reduced by a sufficient animal-to-

feeding-place ratio (Rasmussen et al., 2006). 
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4.1.3 Housing and handling 

In this study, more tail-biting occurred than in another study carried out on the 

research farm at almost the same time. One of the main differences between these 

studies was that in the present study twice as many animals were penned together in 

one group because of larger pens. Within larger groups, a higher stress level often 

exists due to a less stable rank order (Bracke et al., 2004; Meyer-Hamme et al., 

2016). This social stress can lead to more tail-biting (Arey, 1991; Jericho and Church, 

1972; Vermeer et al., 2014). Furthermore, the animals of the present study were 

back marked individually for video analysis. Therefore, each individual was caught 

and fixated twice a week. This increased handling could have led to more stress for 

the animals, as well. 

4.1.4 Batch effect  

The batch effect on tail-lesions and tail-losses during this study was more influential 

than the treatment group effect (Figures 4 and 5) as described in literature (Veit et al., 

2016; Veit et al., 2017; Naya et al., 2018). Besides the reasons for a low treatment 

group effect, there are some possible explanations for the batch effect. Not all 

individuals, and therefore not all groups, are equally likely to start tail-biting in the same 

environment, as different stress-coping strategies are involved (Koolhaas et al., 1999; 

Munsterhjelm et al., 2013; Telkänranta et al., 2016).  

Moreover, in this study, both treatment groups had only a very low number of tail-

losses at the end of the rearing period in the 1st batch (Figure 5). A possible explanation 

could be the seasonal effect, which has an influence on tail-biting (Taylor et al., 2010). 

The 1st batch was conducted during summer, whereas the other batches were 

conducted during winter and spring. The larger amplitude between day temperatures 

and night temperatures, especially in spring, leads to a variance in atmospheric 

pressure, which is on the one hand an additional stressor for the animals, and on the 

other hand can influence the ventilation system (Smith and Crabtree, 2005).  
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4.2 Blood samples 

The first blood sample was taken one week before weaning (zeroth scoring day). At 

this time, the piglets were still together with the sow and their litter mates in their familiar 

environment. Thus, the cortisol and immunoglobulin levels of this blood sample were 

classified as a basal value. 

4.2.1 Cortisol 

The level of plasma cortisol was higher on the first scoring day directly after weaning, 

which confirms the results of McCauley and Hartmann (1984), who also observed a 

rise in plasma cortisol in response to the stress of weaning. This increase in plasma 

cortisol could be caused by the higher stress level of the piglets due to the mixing 

practice (D'Eath, 2005; Veit et al., 2017; Grümpel et al., 2018), separation from the 

sow (Scheffler et al., 2014) and movement to another pen (Hötzel et al., 2011), where 

the piglets are regrouped with new pen mates (Weary et al., 2008). Consequently, 

these practices lead to negative social interactions and unavoidable rank fights. As 

Coutellier et al. (2007) showed saliva cortisol changes with an increase in these 

stressors. However, besides these negative stimuli, other factors such as physical 

activity and social interactions can cause an increase in cortisol (Mormède et al., 2007). 

In this study, during weaning, piglets were brought to a rearing pen with more space 

allowance which is larger than the farrowing pen and therefore allows more freedom 

of movement. They were penned together in groups of 22 and 24 piglets, respectively, 

in groups where not all piglets were familiar with each other. Thus, not only fights for 

rank order, but other social interactions occurred more than before. This can also lead 

to a rising cortisol level (Grimberg-Henrici et al., 2018), as occurred in this study at the 

beginning of the rearing period.  

From the first to the third scoring day, which was one week after weaning, the level 

of plasma cortisol decreased, which is a normal development during the rearing period 

(McCauley and Hartmann, 1984; Kattesh et al., 1990). The piglets were now familiar 

with each other and the rank order had been established. 
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From the third to the ninth scoring day, which was one week before the beginning 

of the fattening period, the cortisol level increased again. Possibly this increase could 

have been caused by increased tail-biting which was constituted in a higher level of 

tail-lesions (Figure 3). Another possible explanation could be that the cortisol increased 

due to other stress-induced reasons, such as for instance the reduced space in relation 

to the higher body weight. These stressors could trigger tail-biting. In this study, only 

four blood samples were taken during the monitoring period, thus a close timely 

connection between the increase in cortisol level and tail-biting could not be analysed. 

No significant differences could be detected between both treatment groups ST and 

LT. Thus, the results of the present study suggest that the feeding system as the only 

preventative measure did not influence the stress level of the animals. With regard to 

tail-biting, Carroll et al. (2018) found higher hair cortisol levels at slaughter in pigs with 

more tail-lesions. As mentioned, during this study, only a few significant differences in 

tail-biting occurred between the treatment groups. Therefore, differences in the cortisol 

levels related to tail-biting were not detected.  

4.2.2 Immunoglobulin G and immunoglobulin M 

Tail-biting started in this study about two weeks after weaning, whereas the lowest 

level of immunoglobulins was during the suckling period. Therefore, infections with 

pathogens during this period had no timely correlation with the beginning of tail-biting 

during this study.  

The LS Means of IgG and IgM had a contrary development (Table 1). Whilst the 

level of IgG decreased during the rearing period, the level of IgM increased. This is in 

accordance with the results published by Curtis and Bourne (1971) and indicates the 

early immunological reaction towards infections with viruses, bacteria or parasites. The 

decrease in the immune system directly after birth is explained on the one hand by the 

consumption of maternal immunoglobulins via contact with antigens and on the other 

hand by the high level of cortisol, induced by the initiation of parturition. This high level 

of plasma cortisol has a suppressive effect on the immune system of the piglet (Banks, 

1982; Sakkas et al., 2018).  
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Infections with pathogens or vaccination are needed to conquer the immunological 

gap by developing a specific immune response, although these infections could 

constitute a challenge for the piglets that could lead to stress and therefore influence 

the genesis of tail-biting.  

4.2.3 Blood parameters and tail-biting  

Piglets with a tail-loss at the end of the rearing period showed a higher cortisol level 

at the zeroth scoring day, which was one week before weaning (Figure 6), than piglets 

without a tail-loss at the end of the rearing period. This could lead to the assumption 

that piglets with more stress in their early life indicated by a higher cortisol level 

(Koopmans et al., 2005) have a higher likelihood of becoming a tail-bitten pig. The 

difference between the LS Means of cortisol was smallest on the third scoring day. A 

possible explanation could be that the overall stress level on the third scoring day was 

lowest due to the established rank order and habituation to the environment. At the 

end of the rearing period, tail-biting increased during this study indicated by more tail-

lesions and the occurrence of tail-losses. Tail-damage leads to pain and therefore 

could increase the stress level of the bitten pig. This could explain the higher cortisol 

levels in pigs with a tail-loss compared to pigs with no tail-loss at the end of the rearing 

period. However, it is important to keep in mind that the causal relation between tail-

biting and cortisol is not considerable due to the rare times of blood sampling. It is 

possible that other stressors caused the increase in cortisol levels and are 

subsequently followed by tail-biting.  

Bitten pigs with fresh wounds should have higher IgM levels due to infections, while 

the level of IgG increases later when IgM decreases. Therefore, it was to be expected 

that pigs having a tail-loss at the end of the rearing period showed higher levels of 

either IgG or IgM, depending on the time since infection. However, during this study, 

both the levels of IgG and IgM were lower in pigs with a tail-loss than in pigs without a 

tail-loss at the end of the rearing period (Figure 6). This could be explained by the 

immunosuppressive effect of cortisol (Sakkas et al., 2018). Thus, protection from 

pathogens is decreased, which leads to the assumption that tail-biting could increase 

the risk of infections by resulting in a lowered protection on the one hand and a higher 
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exposure to pathogens through the open wounds on the other hand, and therefore 

would result in economic and animal welfare shortcomings. 

Therefore, tail-biting during the present study was related with a higher cortisol level 

in bitten piglets. Thus, tail-biting had an indirect influence on the immunological status 

of the piglets via the immunosuppressive effect of cortisol (Sakkas et al., 2018).  

5 Conclusion 

In the present study, no significant influence on tail-biting during rearing was 

detected for the feeding system, although in the 3rd and 4th batches fewer tail-losses 

occurred at the end of the rearing period in the treatment group LT than in the control 

group ST. Thus, feeding piglets from a long trough during rearing could be helpful to 

minimise stressful situations and therefore reduce the likelihood of tail-biting. 

Moreover, the batch effect was more prominent than a possible treatment group effect. 

Furthermore, during this study, tail-biting was related with a higher cortisol level in 

bitten piglets, which led to a suppressed immunological status.  

An important finding of this study is that intensive animal observation to detect risk 

factors, which ideally have to be removed, and adequate intervention measures given 

in a timely manner are very important in minimising the risk of tail-biting.  
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GENERAL DISCUSSION 

The present thesis was conducted to clarify the influence of feed composition and 

feeding management on tail-biting in weaning pigs during the rearing period. 

Therefore, in the 'crude fibre study', the piglets were fed with an increased percentage 

of crude fibre and different crude fibre components in their ration, respectively. The 

hypothesis of this part of the study was that a higher crude fibre percentage and an 

optimised composition of crude fibre components in the ration improves the intestinal 

health (Wenk, 2001) and by this the welfare of the pig. Thus, this might lead to a 

reduction in tail-biting. In the 'animal-to-feeding-place ratio study', two feeding systems 

were compared, one with a conventional short trough (animal-to-feeding-place ratio of 

4:1) and the other with a long trough (animal-to-feeding-place ratio of 1:1). We 

expected that tail-biting would be reduced in the groups with a long trough due to the 

possibility of the animals to perform their natural behaviour and take feed 

simultaneously within the group. To evaluate tail-biting in both studies, tail-lesions and 

tail-losses were scored for all animals and compared between the control group and 

treatment groups. Moreover, the tail-posture was examined to analyse the correlation 

between tail-posture and tail-damage.  

Another aim of the 'animal-to-feeding-place ratio study' was to analyse the 

pertinence of stress level and immune status of pigs within the multifactorial genesis 

of tail-biting. Because it is known from literature that both stress (Munsterhjelm et al., 

2013) and health status can have an impact on tail-biting (Schrøder-Petersen and 

Simonsen, 2001; D'Eath et al., 2014; Chou et al., 2018). Furthermore, we wanted to 

clarify whether the beginning of tail-biting in undocked pigs, which is mostly in the 

second week after weaning (Abriel and Jais, 2013; Veit et al., 2016; Veit et al., 2017; 

Naya et al., 2018), is in a timely correlation to the immunological gap. Therefore, during 

the 'animal-to-feeding-place ratio study' blood samples were taken from some pigs to 

analyse the development of cortisol (as an indicator of stress) and immunoglobulins G 

and M (to assess the immune status). These blood samples were taken from piglets 

randomly selected at the beginning of the study. Hereinafter, always the same piglets 
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were blood sampled to have the chance to analyse the development in single 

individuals.  

Today’s situation and legal regulations 

In commonly used production systems in Germany, most farmers dock the tails of 

their piglets within the first days of life. However, this is only against the symptom not 

against the cause of the disease. Tail-docking can decrease the risk of tail-biting 

(Lahrmann et al., 2017; Larsen et al., 2018b), but is not sufficient to eliminate tail-biting 

and the according lesions (Chou et al., 2018). Furthermore, routinely tail-docking is 

prohibited by the EU directive 2008/120/EG and the ‘German Order for the Protection 

of Production Animals used for Farming Purposes and other Animals kept for the 

Production of Animal Products’ (German designation: Tierschutz-

Nutztierhaltungsverordnung) (TierSchNutztV, 2017). The law specifies that only after 

other measures such as optimising environmental enrichment have not been beneficial 

tail-docking of single animals is allowed to prevent this animal or other animals from 

damage. However, the current situation in Germany is that most piglets are tail-docked 

to prevent tail-biting, although this measure is permitted by law merely with special 

permission. An abrupt implementation of the prohibition of tail-docking in Germany 

would probably lead to grave rises in tail-biting. Thus, farmers need effective measures 

to minimise the presence of tail-biting in undocked pigs to an acceptable level.  

Thus, the aim of this thesis was to gain deeper insights into the genesis of tail-biting. 

As the presented results have shown, optimising the feed composition, and feeding 

management can contribute to minimising the risk of tail-biting, however these 

measurements alone are not able to prevent it.  

Animal to occupation material ratio 

Pigs are social animals and behaviour within a group, especially foraging for food 

and feed intake, is synchronised (Stolba and Wood-Gush, 1989; Young and Lawrence, 

1994). Therefore, it is beneficial to provide a feeding place for every animal in a group. 

Otherwise, it is possible, that the pigs in the second row with no chance of reaching 
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the trough become frustrated and consequently start to bite the tails of the pigs at the 

trough (Schrøder-Petersen and Simonsen, 2001). This phenomenon was seen in the 

'animal-to-feeding-place ratio study', though not while feeding at the short trough, but 

concerning the occupation material in the piglet bowls. Twice a day a handful of 

chopped straw was placed inside one piglet bowl (diameter 40 cm) per pen, which 

leads to an animal-to-occupation-material ratio of 2.4 to 1 (24 piglets in pens with a 

short trough) and 2.2 to 1 (22 piglets in pens with a long trough), respectively. Although 

literature shows that there is no difference between occupation material placed flatly 

or only on one point inside the pen (Zwicker et al., 2013), the video recordings during 

this study showed that a straw offering in piglet bowls led to stress within a group, 

because this occupation material was not available for all animals. During the 'crude 

fibre study', the animals were given chopped straw twice a day, as well. However, due 

to the smaller group size and the straw being placed flatly on the floor, all animals were 

able to use this material at the same time. Thus, the straw offering during the 'crude 

fibre study' did not result in such a stress situation as in the 'animal-to-feeding-place 

ratio study'. 

Batch effect 

A huge batch effect occurred in both studies of this thesis. Though, this is not a 

special appearance of this study, but also described by other authors (Statham et al., 

2011; Veit et al., 2016; Veit et al., 2017; Naya et al., 2018). Thereby, the batch effect 

could be explained by the diversity of factors of influence summarised by EFSA (2007) 

of the multifactorial genesis of tail-biting. Some of these factors cannot be influenced 

in studies which are conducted under practical conditions, for example, the variation 

of temperature, humidity, and atmospheric pressure during the course of a study. 

Possibly, under laboratory conditions, it is feasible to obtain the same temperature, 

humidity, and atmospheric pressure. Furthermore, different animals are used for 

different batches. Due to different stress-coping strategies, the animals are not equally 

able to deal with stressful situations and therefore react in different ways (Koolhaas et 

al., 1999). Another risk factor within the multifactorial genesis of tail-biting is the health 

status of the pigs, whereas illness is not always avoidable. Under practical conditions, 
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there can be variation in the presence of infectious agents between different groups. 

However, the health status is not always the triggering factor for tail-biting, as pigs 

under alternative conditions often have more pulmonary diseases and parasitic 

infections. Nevertheless, pigs under alternative conditions often develop less tail-biting. 

Beyond that, the management of a farm influences the development of tail-biting. The 

percentage of gilts within a group and the colostrum supply can differ between batches 

and lead to a variety in tail-biting; just like the genetic effect on tail-biting, which can be 

varied by using diverse boars. This huge batch effect leads to a concealment of the 

treatment group effect and therefore complicates further research on the genesis of 

tail-biting. 

Intervention measure 

During this study, identified biters were separated from the group. In cases of 

‘obsessive’ tail-biting (Taylor et al., 2010), mostly only one biter is within a group. Then 

it is sufficient to remove this pig from the group. In cases of ‘two-stage’ and ‘sudden-

forceful’ tail-biting (Taylor et al., 2010) the underlying issue should be detected and 

optimally eliminated. As a first acute intervention measure, additional manipulable 

occupation material should be placed inside the pens with tail-biting pigs, as was 

carried out during these studies. As Lahrmann et al. (2018b) stated and is shown by 

the results of the present studies, providing enrichment material as an early 

intervention just after tail-biting has started can reduce and ideally stop tail-biting. On 

this occasion, it is important that the material used ensures high novelty, which 

increases its attractiveness (Lahrmann et al., 2018b).  

To maintain animal protection, it is necessary to perform adequate intervention 

measures. However, this influences the results of a study and could disguise a 

treatment group effect, which probably could be detected by more severe tail-biting 

without intervention. By analysing the results, it could be helpful not only to compare 

the severity of tail-biting between the treatment groups, but also the frequency of 

intervention measures. 
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Occupation material as a prevention measure 

As prevention is better than intervention and additional occupation material can 

reduce ongoing tail-biting, it should have the possibility to prevent tail-biting. Several 

studies have been conducted to ascertain the best occupation material (Bracke et al., 

2006; Elkmann and Hoy, 2009; Scott et al., 2009). However, it is known that pigs are 

interested in new stimuli and it is used as an intervention measure (Lahrmann et al., 

2018b), which could for example be provided in changing occupation materials. 

Trickett et al. (2009) found out that the alternation of two contrasting objects increases 

novelty. Nonetheless, habituation still occurs (Trickett et al., 2009). This could lead to 

the presumption that using more objects which rotate in a higher frequency and 

therefore ensure frequent novelty could prevent habituation, and several ordinary but 

changing materials which stimulate the piglets’ explorative behaviour could be more 

beneficial than the best material, which is always available and could therefore lose its 

attractiveness. However, it has to be kept in mind that this could lead to an economic 

challenge with a rise in the costs of occupation material compared to the common 

practice is of using only one type of material during the whole time and moreover to 

greater effort by the employees in the periodic change of occupation material. Further 

studies should be conducted to analyse whether the benefit of changing materials is 

considerable enough to compensate for these economic disadvantages. If this can be 

confirmed, a system which changes occupation material automatically could be 

developed to facilitate the daily work of the employees.  

Animal observation 

Although tail-biting is sometimes hard to predict, some farms have massive tail-

biting outbreaks when keeping undocked pigs, and other farms can manage undocked 

pigs without or less tail-biting. This shows that it is possible to minimise the risk of tail-

biting on a farm, which was also seen during the studies in this thesis. Intensive animal 

observation is indispensable. During the course of several studies on the research 

farm, the occurrence of tail-biting decreased (Veit et al., 2016; Veit et al., 2017; Naya 

et al., 2018). This shows the capacity of the employees to recognise initial signs of 
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unrest or stress within a group and react adequate in a timely manner. Furthermore, 

intensive observation during the daily routine leads to the detection of negative 

influences, which can be improved upon. It is not necessary to reveal all negative 

influences. The sum of all risk factors leads to tail-biting. Thus, if the pigs are housed 

under well-optimised conditions, some negative influences can be tolerated by the 

animals.  

Tail-posture  

However, to keep animal observation practicable, parameters are needed which are 

easily and fast to assess during the daily routine to recognise the beginning of tail-

biting. Ideally, these parameters should be evaluable with a binary score, for example 

the presence or absence of an indicator parameter. The present studies assessed the 

tail-posture of the pigs. Thereby, the tail-postures ‘lifted and curled’ and ‘lifted, but nor 

curled’ were classified as neutral tail-postures, whereby the tail-postures ‘wagging’, 

‘hanging’ and ‘jammed between the hind legs’ were classified as risky tail-postures. 

The percentages of these two tail-posture categories in accordance to the scoring day 

are delineated in Figures 1 and 2. During the 'crude fibre study', tails were scored 

weekly, which resulted in six scoring days. In contrast, tails were scored twice a week 

during the 'animal-to-feeding-place ratio study', which led to a total number of eleven 

scoring days. 

In both studies, the highest number of neutral tail-postures occurred at the beginning 

of the rearing period, while the percentage of risky tail-postures increased in course of 

the rearing period. This development is analogous with the frequency of the occurrence 

of tail-lesions. The higher the level of small and large tail-lesions was, the higher was 

the percentage of risky tail-postures. This is according to literature (Zonderland et al., 

2009; Groffen, 2012) and indicates that tail-posture can serve as an indicator of the 

stress level within a group caused by tail-biting. Additionally, especially during the 

'animal-to-feeding-place ratio study', the number of risky tail-postures increased a few 

days earlier than tail-lesions. Thus, risky tail-posture can be seen as a precursor for 



105 

tail-biting and can therefore be used during daily animal observation as an early 

warning signal. 

 

  
Figure 1: Percentage of the tail-posture 

'risky' in accordance to the 

rearing week in the 'crude 

fibre study' 

Figure 2: Percentage of the tail-posture 

'risky' in accordance to the 

rearing week in the 'animal-to-

feeding-place ratio study' 

Advancement of animal observation 

The time needed to perform animal observation increases with farm size. Automated 

warning systems are useful to detect pigs with an increased risk of tail-biting. These 

automated warning systems could work more precisely than humans and are not 

influenced by mood. Furthermore, continuous observations can be performed. After 

being warned by the system, the farmers could take a closer look at these pigs and 

intervene if needed. Thus, the automated system could improve economic efficiency. 

These systems could assess several parameters, which are known as a precursor of 

tail-biting.  

A tail-biting outbreak can be predicted by a change in feed intake frequency. 

Wallenbeck and Keeling (2014) analysed feed intake frequency. At pen level, they 

found out that both the daily frequency of feeder visits and the daily feed consumption 
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were lower in pigs housed in pens where tail-biting occurred than in those showing no 

tail-biting. Thus, sensors mounted on the trough measuring the feed consumption of a 

group can help the farmer to detect pens with an increased risk of tail-biting. At 

individual level, Wallenbeck and Keeling (2014) stated that the bitten pigs showed an 

increased daily frequency of feeder visits just before tail-biting and a reduced daily feed 

consumption during and after tail-biting. Munsterhjelm et al. (2015) observed a 

decrease in feed intake 20 days prior to tail-biting in bitten pigs. Thus, to measure the 

feed intake of every single animal provides on the one hand information on which group 

has an increased risk of tail-biting and, furthermore, on which pig has a higher risk of 

becoming a bitten pig. Feed intake at individual level could be measured by means of 

RFID (radio-frequency identification) chips (Reiners et al., 2009).  

Not only the feeding behaviour but also the chewing activity on occupation material 

at pen-level increases with a higher likelihood of tail-biting (Ursinus et al., 2014). 

Zonderland et al. (2003b) analysed the usage of different occupation materials, which 

were equipped with a sensor that measured the presence or absence of movement. 

Such occupation materials can be used to detect a higher chewing activity in 

endangered pens. 

Besides chewing activity, the general activity level within a group is higher prior to 

tail-biting with more pigs standing and fewer pigs sitting or lying inactively (Statham et 

al., 2009). This behavioural change could be detected by using movement sensors as 

performed in cows (Roelofs et al., 2017), or cameras. Another possibility are infrared 

detectors to measure the activity of pigs (Besteiro et al., 2018). Lee et al. (2016) 

automatically recorded head-to-head knocking and chasing. Thus, it should be 

possible to detect mouth-to-tail contacts. However, it could be challenging to 

differentiate between innocuous tail-in-mouth behaviour (Schrøder-Petersen et al., 

2003) and harmful tail-biting behaviour.  

In addition, tail-posture can be analysed by means of cameras. D’Eath et al. (2018) 

for example tested an early warning system based on 3D cameras which measured 

the angle between a pig’s tail and its body and detected risky tail-postures which are 

known as an early warning signal (Zonderland et al., 2009; Lahrmann et al., 2018a). 
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Therefore, the scoring key used has to be adapted to the automated observation 

system and tested for the accuracy and sensitivity. For instance, the difference 

between moving and non-moving tails can be measured by both 2D and 3D cameras. 

However, measuring the angle between the tail and the back of a pig necessitates 3D 

cameras. Furthermore, studies on tail-postures as an early warning sign should be 

carried out to clarify which tail-posture is a real precursor. Several studies have stated 

that the tail-posture ‘hanging’ represents a risky tail-posture (Chou et al., 2018), 

whereas other studies have put ‘hanging tails’ in context to a relaxed pig (Kleinbeck 

and McGlone, 1993). These discrepancies in literature should be eliminated to develop 

a warning system which is suitable for ideally all farms.  

As already mentioned, intensive animal observation conduces the early detection of 

risk factors which could lead to tail-biting. These risk factors have to be ideally 

removed. If this is not possible or not successful, groups with a higher level of unrest 

could be detected during the daily animal observation routine. In these pens, 

intervention measures such as providing additional occupation material should be 

carried out to minimise the risk for tail-biting. However, this could be disadvantageous 

for economic reasons, due to the longer time needed during the daily routine. This 

could be prevented with an automated warning system, which can evaluate the current 

status within a group more frequently and possibly more precisely than the employees 

could do. This means that employees only have a closer look at a group after being 

warned by the system.  

Conclusion  

Tail-biting has a multifactorial genesis which often leads to inconsistent research 

results. This was also seen in the presented studies where the treatment group (crude 

fibre and long trough) seemed to have no consistent effect on tail-biting. It is likely that 

this effect was superimposed by unknown factors of influence. Both the studies 

presented, and the literature show that an important factor in minimising the risk of tail-

biting, after optimising all influencing conditions, is intensive animal observation 

performed by well-trained employees, which facilitates timely intervention measures. 
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To maintain economic efficiency, further studies should focus on automated early 

warning systems, which support the farmers’ animal observation. As this study has 

shown, tail-posture can be used as a feasible parameter, which changes prior to tail-

biting.  
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Anja Honeck: Influence of crude fibre in piglets’ rations and the animal-to-
feeding-place ratio on tail-biting in weaning pigs 

GENERAL SUMMARY 

Tail-biting is abnormal behaviour, which results in economic and welfare 

shortcomings. The most effective prevention measure is docking the pig tails. 

However, this measure does not focus on the cause of the disease and does not 

conform to current legal regulations. Thus, there is a need for reliable production 

systems to keep undocked pigs including appropriate feed and feeding which can 

reduce tail-biting to an acceptable minimum. 

The aim of the thesis was to gain better knowledge of the genesis of tail-biting, 

especially the influence of feed composition and feeding management. Different 

scoring keys for tail-posture and tail-damage were compared for the prediction of tail-

biting and the monitoring of tail-damage to analyse their advantages and 

disadvantages to describe tail-biting. Therefore, not only studies on tail-biting, but also 

on animal welfare and behaviour were reviewed. One of the main recognitions from 

this Literature Review is that the selection of a specific soring key depends on the 

questions of the study and the evaluation conditions, for example, the background 

knowledge of the observer. The more detailed a scoring key is, the more intensively 

the observer has to be trained. However, by means of a more detailed scoring key, 

reality can be better captured. Furthermore, this Literature Review revealed that there 

is a general lack of comparability in terms of result interpretation. Therefore, more effort 

seems necessary to harmonise the different approaches to only a few, or preferably, 

only one, common scoring key with different detail levels which can be transferred to 

each other.  

In addition, two studies were carried out under conventional farm conditions 

focusing on the influence of feed composition and feeding management. The emphasis 

of the 'crude fibre study', described in Chapter One, was on the influence of crude fibre 

in pigs’ ration on tail-biting in weaning pigs during rearing. This study was divided into 

two separate trails, one focusing on the amount of crude fibre and the other on crude 

fibre components. In both trials, one control group (CG1 and CG2, respectively) was 
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compared with three treatment groups, each. The piglets of both control groups were 

fed the same conventional basic diet with a crude fibre content of 3.4 % at the 

beginning of rearing period and 4.0 % at the end. This basic diet was enriched with 

different feed supplements, depending on the treatment group, whereas these 

supplements were mixed into the ration, so the piglets were not able to select them. In 

the first trial, the fibre content was increased by adding soya shells to the basic diet 

(G5: 5.0 % crude fibre, G6: 6.0 % crude fibre), or rather by providing ad libitum in 

separate piglet bowls (AL). These piglet bowls were filled twice a day to guarantee 

uninterrupted access to the soya shell pellets. The second trial referred to three 

different crude fibre components. The three treatment groups received either soya 

shells (SS), dried pulp (DP) or oat fibre (OF) admixed to their ration. A crude fibre 

content of 6.0 % was achieved in all three groups. The focus of the 'animal-to-feeding-

place ratio study', described in Chapter Two, was on feeding management, since pigs 

are social animals and feeding behaviour especially within a group is synchronised. 

Therefore, pens equipped with a short trough (ST) and an animal-to-feeding-place ratio 

of 4:1 were compared to pens with a long trough (LT) and an animal-to-feeding-place 

ratio of 1:1. Furthermore, this study analysed the influence of the feeding management 

on the stress level of the animals and the correlation between tail-biting and the 

immune status and the stress level of an animal, respectively.  

For both studies, all pigs’ tails were scored concerning tail-lesions, tail-losses, and 

tail-posture. Therefore, four categories for tail-lesions (0: no lesions; 1: superficial 

lesions; 2: small lesions; 3: large lesions), five categories for tail-losses (0: original 

length; 1: partial loss, up to one third of the original length; 2: partial loss, up to two 

thirds of the original length; 3: partial loss, more than two thirds of the original length; 

4: complete loss) and six categories for tail-posture (0: not evaluable; 1: lifted and 

curled; 2: lifted, but not curled; 3: wagging; 4: hanging; 5: jammed between the hind 

legs) were used. Furthermore, during the 'animal-to-feeding-place ratio study', blood 

samples were taken from 14 pigs per pen at four times during the study: one week 

before weaning (zeroth scoring day), directly after weaning (first scoring day), one 

week after weaning (third scoring day) and one week before ending the rearing period 
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(ninth scoring day). Cortisol (as stress parameter) and immunoglobulin G (IgG) and 

immunoglobulin M (IgM) were analysed from these blood samples.  

Tail-biting during the 'animal-to-feeding-place ratio study' started in the second week 

after weaning, which corresponds with literature and is likely explained by several 

changes during weaning process that can cause stress. In contrast, tail-biting started 

in the fifth week after weaning in the first trial of the 'crude fibre study' and in the third 

week after weaning in the second trial, respectively. This later commencement could 

be caused by fewer stress-inducing conditions during the early rearing period. For 

instance, pigs within the 'crude fibre study' were kept in groups of 12 animals. In smaller 

groups, often a lower stress level exists due to the more stable rank order and therefore 

the risk for tail-biting is lowered. Moreover, the daily straw provision had to be shared 

between 12 and not between 24 piglets, as within the 'animal-to-feeding-place ratio 

study'. Furthermore, the straw was placed flatly on the floor instead of into piglet bowls, 

which results in better accessibility. Video observation showed that too little straw for 

too many piglets results in a high-stress situation, which can lead to frustration and tail-

biting. In both studies, the first tail-losses occurred in the fourth or fifth weeks after 

weaning. In general, the batch had a greater impact on both tail-lesions and tail-losses 

than the treatment group. The blood parameters cortisol, IgG and IgM did not differ 

between both groups of the 'animal-to-feeding-place ratio study'. The level of cortisol 

increased directly after weaning, which can be attributed to the stress during the 

weaning process caused by separation from the sow, moving to another pen and 

mixing of piglets from different litters. One week later, cortisol decreased, which 

showed the fought out rank order and lower stress level of the animals, which were 

then familiar with each other. At the end of the rearing period, the cortisol level 

increased again, which could be explained by the lower space offering per kilogram 

bodyweight and therefore a higher stress level of the animals. The level of IgG 

decreased during the rearing period, while the level of IgM increased, indicating the 

early immunological reaction towards infections with viruses, bacteria, or parasites. 

This development was equal between both treatment groups. The level of plasma 

cortisol was higher, whereas the level of IgG and IgM was lower in pigs with a tail-loss 
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at the end of the rearing period compared to pigs with no tail-loss at the end of the 

rearing period.  

It is not easy to generalise the results achieved due to the low frequency of the tail-

biting during the 'crude fibre study’. However, crude fibre seems to have had no major 

influence on tail-biting during this study, though it must be kept in mind that the batch 

effect overlapped the treatment group effect. Furthermore, this result may be caused 

by the optimised conditions in which the piglets were kept, and the intensive animal 

observation followed by adequate and timely intervention measures carried out by the 

employees. The importance of animal observation to detect risk factors and intervene 

if needed was also seen during the 'animal-to-feeding-place ratio study'. The short 

trough or long trough feeding system seems to have had no influence on tail-biting, as 

well as on the blood parameters. Again, the treatment group effect was overlapped by 

the batch effect. Nevertheless, it could be helpful to feed piglets with an optimised feed 

from a long trough during the rearing period to minimise stressful situations and 

therefore reduce tail-biting. The results of the 'animal-to-feeding-place ratio study' 

suggest that the feeding system alone has no influence on the stress level of the 

animals, which could also be seen by the absence of significant differences between 

treatment groups concerning tail-biting. During the 'animal-to-feeding-place ratio 

study', tail-biting was not connected to the immune status of the piglets. Infections, 

which are needed to conquer the immunological gap, can influence the genesis of tail-

biting.  

In this thesis, a significant effect of the feed composition and feeding management 

on tail-biting in undocked weaning pigs could not be detected. However, it must be 

kept in mind that the batch effect overlapped the treatment group effect. Furthermore, 

intensive animal observation followed by timely intervention measures can be said to 

decrease the level of tail-biting and therefore also the treatment group effect. Further 

research on the genesis of tail-biting should be preferably carried out by means of 

scoring keys, which can be transferred to each other to maintain a high comparability 

between studies.  
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Anja Honeck: Einfluss von Rohfaser in der Ferkelration und dem Tier-
Fressplatz-Verhältnis auf das Schwanzbeißen bei Aufzuchtferkeln 

ZUSAMMENFASSUNG 

Die Verhaltensstörung Schwanzbeißen führt sowohl zu wirtschaftlichen Einbußen 

als auch zu Einschränkungen des Tierwohls. Da die effektivste Maßnahme zur 

Verhinderung des Schwanzbeißens, das Kupieren der Schwänze, weder die Ursache 

der Erkrankung beseitigt, noch gesetzlich zulässig ist, werden Haltungsbedingungen 

und Managementsysteme, einschließlich der Fütterung, benötigt, die Schwanzbeißen 

auf ein akzeptables Maß verringern.  

Die Zielsetzung der vorliegenden Dissertation war, den Einfluss der 

Futterzusammensetzung und des Fütterungsmanagements auf die Entwicklung von 

Schwanzbeißen bei unkupierten Aufzuchtferkeln tiefergehend zu untersuchen. Hierfür 

wurden in einer Literaturübersicht verschiedene Boniturschlüssel zu 

Schwanzverletzungen und Schwanzhaltung miteinander verglichen und deren Vor- 

und Nachteile bezüglich der Beurteilung und Vorhersage von Schwanzbeißen 

analysiert. Hierbei wurden nicht nur Studien über Schwanzbeißen im Speziellen, 

sondern auch über Tierwohl und Tierverhalten im Allgemeinen miteinbezogen. Das 

wichtigste Ergebnis dieser Literaturübersicht ist, dass die Wahl des anzuwendenden 

Boniturschlüssels von der Fragestellung der Studie und den Gegebenheiten der 

Datenerhebung, zum Beispiel dem Hintergrundwissen des Beobachters, abhängt. Je 

detaillierter ein Boniturschlüssel ist, desto intensiver muss der Beobachter geschult 

werden. Ein detaillierter Boniturschlüssel kann die tatsächliche Situation dabei besser 

darstellen als ein weniger detaillierter. Ein weiteres Ergebnis ist, dass die 

Vergleichbarkeit der einzelnen Boniturschlüssel untereinander schwierig ist, was die 

Interpretation der Ergebnisse erschwert. Daher ist es wichtig, die Bonitur der 

Schwänze mit möglichst wenigen, bestenfalls nur einem einheitlichen Boniturschlüssel 

durchzuführen, der dann in verschiedenen ineinander übertragbaren 

Detaillierungsgraden verwendet werden kann.  

Darüber hinaus wurden im Rahmen dieser Dissertation zwei Versuche unter 

Praxisbedingungen durchgeführt, die sich mit dem Einfluss der 
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Futterzusammensetzung und des Fütterungsmanagements befassen. Der 

Schwerpunkt der „Rohfaser-Studie“, die in Kapitel Eins beschrieben wird, lag auf dem 

Einfluss von Rohfaser in der Ferkelration auf das Schwanzbeißverhalten während der 

Ferkelaufzucht. Die „Rohfaser-Studie“ war in zwei separate Teilversuche unterteilt. 

Während der erste sich mit dem Anteil an Rohfaser in der Ferkelration befasste, 

wurden im zweiten verschiedene Rohfaserkomponenten untersucht. In beiden 

Teilversuchen wurde jeweils eine Kontrollgruppe (CG1 bzw. CG2) mit drei 

unterschiedlichen Versuchsgruppen verglichen. Die Ferkel beider Kontrollgruppen 

bekamen das gleiche konventionelle Futter. Der Rohfaseranteil dieses Futters betrug 

zu Beginn der Ferkelaufzucht 3,4 % und wurde zum Ende der Ferkelaufzucht auf 

4,0 % erhöht. In den Versuchsgruppen wurden diesem Basisfutter je nach 

Versuchsgruppe verschiedene Zusätze beigemengt, wobei diese Zusätze so in die 

Ferkelration eingemischt wurden, dass die Ferkel sie nicht heraus selektieren konnten. 

Im ersten Teilversuch wurde der Rohfaseranteil in zwei Versuchsgruppen durch 

Zugabe von Sojaschalen auf 5,0 % (G5) bzw. 6,0 % (G6) erhöht. Eine dritte 

Versuchsgruppe erhielt das gleiche Basisfutter wie die Kontrollgruppe und zusätzlich 

Sojaschalenpellets zur freien Verfügung in separaten Ferkelschalen (AL). Um einen 

ununterbrochenen Zugang zu den Sojaschalenpellets zu gewährleisten, wurden die 

Ferkelschalen zweimal täglich aufgefüllt. Der zweite Teilversuch bezog sich auf drei 

verschiedene Rohfaserkomponenten, die der Ration der Versuchsgruppen 

beigemischt wurden: Sojaschalen (SS), Trockenschnitzel (DP) und Haferschälkleie 

(OF). Alle drei Ferkelrationen hatten dabei einen Rohfaseranteil von 6,0 %.  

Der Fokus der „Tier-Fressplatz-Verhältnis-Studie“, die in Kapitel Zwei beschrieben 

wird, lag auf dem Fütterungsmanagement. Schweine sind soziale Tiere, deren 

Verhalten, insbesondere die Futteraufnahme, in der Natur innerhalb einer Gruppe 

synchronisiert ist. Daher wurden die Buchten für diesen Versuch entweder mit einem 

konventionellen Kurztrog (ST) mit einem Tier-Fressplatz-Verhältnis von 4:1 oder mit 

einem Langtrog (LT) mit einem Tier-Fressplatz-Verhältnis von 1:1 ausgestattet. 

Darüber hinaus wurde in dieser Studie sowohl der Einfluss des 

Fütterungsmanagements auf den Stresspegel der Tiere als auch der Zusammenhang 
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zwischen Schwanzbeißen und dem Immunstatus bzw. dem Stresspegel der Tiere 

untersucht.  

In beiden Studien wurden die aufgetretenen Schwanzverletzungen, 

Schwanzverluste und Schwanzhaltungen aller Schweine bonitiert. Der genutzte 

Schlüssel hatte vier Kategorien für Schwanzverletzungen (0: keine Verletzungen; 1: 

oberflächliche Verletzungen; 2: kleinflächige Verletzungen; 3: großflächige 

Verletzungen), fünf Kategorien für Schwanzverluste (0: Originallänge; 1: Teilverlust bis 

zu einem Drittel der Originallänge; 2: Teilverlust bis zu zwei Dritteln der Originallänge; 

3: Teilverlust von mehr als zwei Dritteln der Originallänge; 4: Komplettverlust) und 

sechs Kategorien für Schwanzhaltungen (0: nicht beurteilbar; 1: erhoben und 

geringelt; 2: erhoben, aber nicht geringelt; 3: wedelnd; 4: hängend; 5: zwischen den 

Hinterbeinen eingeklemmt). In der „Tier-Fressplatz-Verhältnis-Studie“ wurden zudem 

Blutproben von 14 Tieren pro Bucht an vier Zeitpunkten genommen: eine Woche vor 

dem Absetzen, direkt nach dem Absetzen, eine Woche nach dem Absetzen und eine 

Woche vor dem Ende der Aufzuchtperiode. Aus diesen Blutproben wurde Kortisol (als 

Stressparameter) und die Immunglobuline G (IgG) und M (IgM) bestimmt.  

Das Schwanzbeißen in der „Tier-Fressplatz-Verhältnis-Studie“ begann in der 

zweiten Woche nach dem Absetzen, was mit den Erkenntnissen aus der Literatur 

übereinstimmt und durch die verschiedenen potenziell Stress auslösenden 

Veränderungen während des Absetzens erklärt wird. Im Unterschied dazu begann das 

Schwanzbeißen im ersten Teilversuch der „Rohfaser-Studie“ in der fünften Woche und 

im zweiten Teilversuch in der dritten Woche nach dem Absetzen. Dieser spätere 

Beginn könnte durch weniger Stress verursachende Bedingungen während der 

Ferkelaufzucht bedingt sein. Zum Beispiel wurden die Schweine in der „Rohfaser-

Studie“ in Kleingruppen von 12 Tieren gehalten. Es ist bekannt, dass in kleineren 

Gruppen oft eine stabilere Rangordnung besteht und damit weniger Stress entsteht, 

was auch zu einer Reduzierung des Risikos für Schwanzbeißen führt. Darüber hinaus 

musste das den Tieren täglich zusätzlich angebotene Stroh in diesem Versuch nur 

zwischen 12 und nicht wie in der „Tier-Fressplatz-Verhältnis-Studie“ zwischen 24 

Tieren geteilt werden. Zudem wurde das Stroh in der „Rohfaser-Studie“ flächig auf dem 

Boden verteilt, was eine bessere Erreichbarkeit für die Ferkel ermöglichte als die 
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Ferkelschale in der „Tier-Fressplatz-Verhältnis-Studie“. Die Videobeobachtung hat 

gezeigt, dass zu wenig Stroh für zu viele Ferkel in Stresssituationen resultiert, die zu 

Frustration und damit zu Schwanzbeißen führen können. In beiden Studien traten die 

ersten Schwanzverluste in der vierten oder fünften Woche nach dem Absetzen auf. 

Der Durchgang zeigte in beiden Studien einen größeren Einfluss auf die 

Schwanzverletzungen und Schwanzverluste als die Versuchsgruppe. Die 

Blutparameter Kortisol, IgG und IgM unterschieden sich nicht zwischen den beiden 

Versuchsgruppen in der „Tier-Fressplatz-Verhältnis-Studie“. Der Kortisolspiegel stieg 

direkt nach dem Absetzen an. Das kann durch den Stress während des Absetzens 

erklärt werden, der durch die Trennung von der Sau, dem Versetzen in eine andere 

Bucht und dem Mischen von Tieren verschiedener Würfe ausgelöst wird. Nach einer 

Woche sank der Kortisolspiegel, da die Tiere sich dann kannten und aufgrund einer 

ausgebildeten Rangordnung weniger Stress hatten. Gegen Ende der Ferkelaufzucht 

stieg der Kortisolspiegel wieder an, was durch den höheren Stresspegel der Tiere 

aufgrund des geringeren Platzangebots pro Kilogramm Körpergewicht zu erklären ist. 

Der IgG-Spiegel fiel im Verlauf der Ferkelaufzucht ab, wohingegen der IgM-Spiegel 

anstieg, was die frühe immunologische Reaktion auf Infektionen mit Viren, Bakterien 

oder Parasiten anzeigt. Diese Entwicklung war in beiden Versuchsgruppen gleich. Der 

Kortisolspiegel der Tiere, die am Ende der Aufzuchtperiode einen Schwanzverlust 

hatten, war höher und der IgG- und IgM-Spiegel war niedriger, als bei den Tieren ohne 

Schwanzverlust.  

Das geringe Auftreten von Schwanzbeißen in der „Rohfaser-Studie“ weist darauf 

hin, dass Rohfaser keinen Einfluss auf das Schwanzbeißen während der 

Ferkelaufzucht zu haben scheint. Jedoch muss beachtet werden, dass der 

Durchgangseffekt den Versuchsgruppeneffekt überlagerte. Allerdings könnten diese 

Ergebnisse auch auf die optimierten Bedingungen und die intensive Tierbeobachtung 

und darauffolgende rechtzeitige Gegenmaßnahmen durch die Stallmitarbeiter 

zurückgeführt werden. Die Wichtigkeit der Tierbeobachtung und des Ergreifens von 

geeigneten Gegenmaßnahmen zur Verringerung des Schwanzbeißrisikos hat sich 

auch in der „Tier-Fressplatz-Verhältnis-Studie“ gezeigt. Die Wahl der 

Fütterungssysteme Kurztrog oder Langtrog scheint weder einen Einfluss auf das 
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Schwanzbeißen noch auf die Blutparameter zu haben. Jedoch muss beachtet werden, 

dass der Versuchsgruppeneffekt von dem Durchgangseffekt überlagert wurde. 

Dennoch kann es hilfreich sein, die Ferkel während der Ferkelaufzucht mit einer 

optimierten Ration aus Langtrögen zu füttern, um Stresssituationen und damit auch 

das Risiko von Schwanzbeißen zu verringern. Die Ergebnisse der „Tier-Fressplatz-

Verhältnis-Studie“ weisen darauf hin, dass das Fütterungssystem keinen Einfluss auf 

den Stresspegel der Tiere hat, was auch in dem Fehlen von signifikanten 

Unterschieden im Schwanzbeißen zwischen den beiden Versuchsgruppen zu sehen 

ist. In der „Tier-Fressplatz-Verhältnis-Studie“ stand Schwanzbeißen in keinem 

Zusammenhang mit dem Immunstatus der Tiere. Infektionen, die notwendig sind, um 

die immunologische Lücke zu überwinden, können die Entstehung von 

Schwanzbeißen beeinflussen.  

In den für diese Dissertation durchgeführten Studien zeigten weder die gewählte 

Futterzusammensetzung noch das Fütterungsmanagement einen signifikanten 

Einfluss auf das Schwanzbeißen bei unkupierten Aufzuchtferkeln. Jedoch muss 

festgehalten werden, dass der Durchgangseffekt den Versuchsgruppeneffekt 

überlagert hat. Darüber hinaus verringerten die intensive Tierbeobachtung durch die 

Stallmitarbeiter und die frühzeitig durchgeführten Gegenmaßnahmen das 

Schwanzbeißen und damit auch den Versuchsgruppeneffekt. Um die Entstehung des 

Schwanzbeißens umfassend zu verstehen, sollten künftige Studien möglichst mithilfe 

eines Boniturschlüssels durchgeführt werden, der verschiedene Detaillierungsgrade 

beinhaltet, die ineinander übertragen werden können. Dies führt zu einer besseren 

Vergleichbarkeit zwischen den Studien. 


