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GENERAL INTRODUCTION 

Animal welfare is a topic that is becoming more and more publicly aware and consumers are 

demanding changes in animal husbandry (Croney and Millman, 2007; Alonso et al., 2020). In 

pig production, the three major welfare issues currently being discussed are castration (Borell 

et al., 2009; Briyne et al., 2016) and tail-docking (Sutherland and Tucker, 2011; Briyne et al., 

2018) of piglets and keeping sows in gestation and farrowing crates (Tonsor et al., 2009; 

Glencorse et al., 2019). The European Union therefore approved legislative changes several 

years ago (Anonymus, 2008). However, scientists are now searching for alternative measures, 

as castration, tail-docking and crates have been seen as preventive measures against other 

problems of animal welfare or consumer acceptance (e.g. sexual odour, aggressive behaviour 

(Bonneau and Weiler, 2019; Borell et al., 2020), cannibalism (D'Eath et al., 2014) or crushed 

piglets (Glencorse et al., 2019)). 

In case of tail-docking, the underlying problem is the behavioural disorder tail-biting. Tail-

biting can be classified into two-stage tail-biting, sudden-forceful tail-biting and obsessive tail-

biting (Taylor et al., 2010). Two-stage tail-biting is described as starting with explorative 

behaviour of the anogenital region of other pen mates including sucking and light chewing on 

the tail until at some point the skin is wounded and blood emerges. From this point on, the 

biting becomes more severe as the taste of blood is rewarding. Eventually, other pigs will start 

biting as well and the tail-biting escalates (Fraser, 1987). Sudden forceful tail-biting is often 

described in combination with no access to resources and a result of frustration (Taylor et al., 

2010). Obsessive tail-biting is described as a single pig only focused on tail-biting, going from 

one pen mate to the other (Taylor et al., 2010). Several risk factors have been discussed that are 

said to increase the probability of a tail-biting outbreak, e.g. poor health, deficiencies in feed 

quality and accessibility, high stocking density, a lack of manipulable substrate or poor 

ventilation (Schrøder-Petersen and Simonsen, 2001; EFSA, 2007; Taylor et al., 2010; D'Eath 

et al., 2014). Because of this multifactorial genesis, it is hard to prevent tail-biting completely. 

Thus, most farmers use tail-docking as a preventive measure against tail-biting. However, tail-

docking only reduces the prevalence of tail-biting but does not eliminate it, as it does not reduce 

the underlying causes (EFSA, 2007; Sutherland and Tucker, 2011; Nannoni et al., 2016). 

Furthermore, tail-docking itself affects the animal’s welfare, because the procedure is carried 

out mostly without anaesthesia (Nannoni et al., 2016). Therefore, acute pain and stress are a 

consequence of tail-docking (Tallet et al., 2019) as well as long-term problems, e.g. traumatic 

neuroma (Sandercock et al., 2016) or changed peripheral mechanical sensitivity (Di Giminiani 

et al., 2017). Thus, EU legislation prohibits routine tail-docking (EFSA, 2007). In 2018, 

however, the EU reported audit results concerning weaknesses in animal welfare in some EU 

countries, especially ongoing routine tail-docking, and started to enforce this prohibition (Nalon 

and Briyne, 2019). To be able to keep pigs with long tails, farmers need to improve the housing 

conditions of the animals (Briyne et al., 2018) and thus reduce the prevalence of tail-biting. 

However, as the risk of tail-biting remains, there is a need for indicators of tail-biting to take 

additional measures at the beginning of an outbreak before the animals suffer severe lesions 

(D'Eath et al., 2014). Among others, tail-posture is one of the possible early indicators, as it is 

influenced by lesions (Zonderland et al., 2009), stress (Noonan et al., 1994) as well as the 

affective state of the pigs (Reimert et al., 2013). Several studies have found a relation between 
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tail-posture and tail-lesions (Zonderland et al., 2009; Larsen et al., 2018; Wallgren et al., 2019). 

Furthermore, differences in tail-posture were found seven days before a tail-biting outbreak 

compared to control pens (Wedin et al., 2018) or compared to two weeks before a tail-biting 

outbreak (D'Eath et al., 2018).  

While studying the social interaction of animals, it is important to consider the animal group 

and its structure as well, as individual behaviour has an effect on the behaviour of the group 

and is always affected by the behaviour of other animals (Makagon et al., 2012). Social network 

analysis, originating from sociology (Scott, 2011), is a method to analyse group structure 

beyond the sole dyadic contacts and provides standardised parameters to describe the group 

structure and an individual’s position within it (Wasserman and Faust, 1994; Newman, 2010). 

Such a network consists of nodes, which represent the individual actors, and edges, which 

represent a relationship or interaction between these nodes (Newman, 2010). Using social 

network analysis enables for example the analysis of information flow within an organisation 

for management purposes (Nerkar and Paruchuri, 2005) or for modelling biological systems, 

such as protein interactions (Zhang et al., 2008). Moreover, the usage of social network analysis 

offers methods to analyse group structure in animal studies (Krause et al., 2007), for example 

the development of the ranking order in a group after the addition or removal of individual 

animals (Williams and Lusseau, 2006), the group structure at different age levels (Büttner et 

al., 2015) or the forming of subgroups within large groups (Wolf et al., 2007). Thus, the method 

of social network analysis may offer new insights into the tail-biting disorder. 

One problem of social network analysis is the reliance on sufficient data, in this case animal 

behaviour observations. Up until now, observations have been carried out by hand in most 

studies without much automation. Therefore, data acquisition has been linked to high workload 

and a considerable amount of time. Thus, observations are often limited in the analysed time 

per day or performed by multiple observers. However, several problems can arise and bias the 

analysis (Martin and Bateson, 2012). First of all, direct and indirect observation methods have 

both advantages and disadvantages. If animals are observed directly, there is no restriction in 

view and other events and disturbances can be noticed which would be otherwise missed. 

However, on the other hand, the larger the animal group is the harder it becomes to observe all 

animals simultaneously and the animals may behave differently in the presence of the observer 

(Martin and Bateson, 2012). There are distinct advantages of indirect observations, using for 

example a video camera. In most cases, the animals do not notice the camera and are not 

influenced in their behaviour. Moreover, the rewind function allows the observation of multiple 

animals simultaneously. However, this extends the analysis time and the fixed camera angle 

may impede a clear view on all animals. 

As the time which can be spent on sampling behaviour is limited, there are several methods and 

sampling techniques to use this time as efficiently as possible. One possibility is to reduce the 

analysis time per day to have the opportunity to observe more days, animals or groups in total. 

This could be carried out, for example, by limiting the observation period to times when the 

behaviour occurs the most. Another possibility is to choose a less time-consuming sampling 

technique. Time sampling or scan sampling, for example, need less time to analyse compared 

to continuous sampling covering the same observation period (Arnold-Meeks and McGlone, 
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1986; Hämäläinen et al., 2016; Oliveira et al., 2018). However, this accepts a loss in information 

and has to be chosen carefully for each behaviour as not every sampling technique is suitable 

for every behaviour (Martin and Bateson, 2012). Besides, there is the option to use multiple 

observers, which enables the division of workload of observations and thus faster analysis. 

Nevertheless, it involves the risk of unreliable or biased data due to low interobserver reliability 

if the observers are not properly trained (Kaufman and Rosenthal, 2009). Discrepancies may 

arise due to a different understanding of the ethogram. Moreover, even weariness and 

distraction caused by the high workload and a lack of breaks during the analysis may lead to 

unreliable data. 

The aim of this thesis was on the one hand to test observational data of agonistic behaviour of 

pigs for their reliability and validity by simulating different observation periods and sampling 

techniques and comparing them to a reference point. Furthermore, the data was tested for their 

robustness against missing data by comparing real observers and simulated faulty datasets to a 

reference point. On the other hand, this thesis used the data to test the effect of tail-biting 

behaviour on the tail-posture of pigs and its use as an early indicator of tail-biting outbreaks. 

This was done by using only the direct contact information and by using social network analysis 

to include information on the agonistic group structure as well. 

Chapter One tested the validity of short observation periods of agonistic behaviour of pigs. 

Therefore, 24 days of video footage was continuously analysed for 12 h per day for the agonistic 

behaviours tail-biting and ear-biting. The observations were then used as a reference point to 

compare them to shorter observation periods of continuous sampling and time sampling. These 

observation periods were simulated by using subsets of the reference dataset. 

In Chapter Two, social network parameters based on tail-biting behaviour were tested for their 

robustness against missing data. Here, network parameters based on observations of the same 

video footage of different observers were compared to a reference point. Furthermore, faulty 

datasets with a fixed error rate were simulated using subsampling and the network parameters 

based on these datasets were compared to the same reference point. 

Chapter Three tested the information on tail-directed behaviour for its effect on tail-posture and 

tail-lesions. Therefore, the number of initiated tail-directed behaviour, separated into tail-in-

mouth behaviour and tail-biting behaviour, was counted at pig level for four days before a tail-

biting outbreak. The influence on tail-posture and tail-lesion was then tested using generalised 

linear mixed models. Furthermore, the effect of time passed between the tail-biting event and 

the tail-posture observation was taken into account. 

Based on the data basis of Chapter Three, Chapter Four extended the analysis by including 

social network parameters based on tail-biting behaviour to test the effect of indirect contacts 

in the group structure in addition to the dyadic contacts on tail-posture. This was carried out 

using generalised linear mixed models as well. 

In conclusion, the present thesis investigated the validity of behavioural observations of tail-

biting behaviour in pigs and the robustness of social network parameters based on these 

observations. The results can be used as a rough indication of accuracy in future studies. 
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Furthermore, the behavioural datasets were used to test the influence of tail-biting and tail-in-

mouth behaviour on tail-lesion and tail-posture of pigs. Additionally, the social network 

analysis enables the analysis of group structure, thus it was investigated as to whether there are 

indirect effects next to the direct effects of tail-biting behaviour on the tail-posture.  
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ABSTRACT 

There are efficient sampling methods to accurately estimate behaviour with a moderate or long 

duration. For short behaviour, observing animals continuously is recommended although there 

is no recommended minimum observation time. In most studies, sampling method and obser-

vation time per day is determined by practical considerations. Thus, this study analysed the va-

lidity of behavioural observations in different observation periods using continuous sampling 

(CS) or time sampling (TS) based on biting behaviour. Tail-biting and ear-biting of weaned 

piglets in six pens were continuously observed for 12 h per day for 4 days to form a reference. 

Shorter observation periods of CS and TS were simulated by taking subsets of this reference. 

The amount of behaviour per hour of each observation period was compared to the reference 

and to other observation period of the same kind and length. Four different measurements were 

defined to calculate accuracy scores (AS; 0 – 1; higher values are better). Comparison to the 

reference shows better AS for observation periods with longer observation time in total (0.5 h 

of CS: 0.2; 6 h of CS: 0.6). Additionally, TS covers longer time periods without decreasing AS. 

However, focus on activity time results in an overestimation of irregular behaviour. Comparing 

AS among observation periods of the same kind and length show overall low agreement. This 

study indicated problems of different observation periods of CS and TS to accurately estimate 

behaviour. Therefore, validity of behavioural observations should be analysed in greater detail 

to determine optimal sampling methods. 

Keywords: behavioural observation; validity; biting behaviour; pig 
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INTRODUCTION 

A valid database is important for every scientific study. In most cases, studying animal 

behaviour relies on animal observations to acquire this database. However, behavioural 

observations are highly time-consuming. Since the time used for observations is often restricted 

by practical considerations, different observation techniques are used to estimate the behaviour 

as effectively as possible by reducing the required analysis time (Altmann, 1974). For example, 

instead of using continuous sampling, which observes the animals continuously for a certain 

time period, time sampling only observes the animals for portions of time with breaks in 

between. Here, the animals are still observed continuously but not for the complete time period. 

Focal sampling observes only one animal continuously to facilitate the observation, and scan 

sampling periodically analyses snapshots after a determined time interval (Martin and Bateson, 

2012). As each method has advantages and disadvantages, it is important to choose the 

appropriate method regarding the behaviour, situation and hypothesis being investigated to 

achieve a valid database. Thus, several studies have evaluated the validity of sampling methods 

of different behaviour. It has been shown that focal sampling can estimate behaviour correctly 

which do not differ significantly between the animals (Arnold-Meeks and McGlone, 1986) and 

scan sampling is a very efficient method to estimate behaviour with a long duration such as 

resting behaviour (Mitlöhner et al., 2001; Jauhiainen and Korhonen, 2005; Choi et al., 2007; 

Bowden et al., 2008; Daigle and Siegford, 2014). For behaviour with a shorter duration, 

however, the time between intervals has to be adjusted, i.e. shortened, to ensure validity. Thus, 

it can be difficult to observe social interactions as this behaviour often varies between the 

animals and only has a short duration. For example, biting behaviour in pigs takes only a few 

seconds and is easily missed by scan sampling if the time interval between scans is too long. 

However, shortening the interval as far as to accurately estimate biting behaviour (e.g. scan 

sampling every 5 s) would be less efficient than using continuous sampling. Thus, time 

sampling or continuous sampling is recommended to observe short behaviour such as biting 

behaviour in pigs (Choi et al., 2007; Chen et al., 2016; Pullin et al., 2017; Oliveira et al., 2018; 

Park et al., 2020), although there is no recommendation regarding the required observation 

length. The observation time per day is often determined by practical factors and rarely exceeds 

2 h per day (Statham et al., 2009; Brunberg et al., 2011; Zonderland et al., 2011; Ursinus et al., 

2014; Munsterhjelm et al., 2016; Lahrmann et al., 2018). 

Therefore, the aim of this study was to analyse the validity of different observation periods of 

different length comparing continuous sampling and time sampling on the basis of tail-biting 

behaviour and ear-biting behaviour of pigs.  
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MATERIAL AND METHODS 

This study used behavioural observations of a tail-biting behaviour study in pigs (Wilder et al., 

2020), which investigated tail-biting behaviour in weaned piglets from November 2016 until 

April 2017 on the agricultural research farm “Futterkamp”, which is part of the Chamber of 

Agriculture of Schleswig-Holstein, Germany. There were six conventional pens with 24 piglets 

per pen, which were weaned after 28 days and then video recorded for 40 days using one AXIS 

M3024-LVE Network Camera per pen produced by Axis Communications. The piglets were 

individually marked to allow identification in the videos. Additionally, tail-lesions were scored 

twice a week using the ‘German Pig Scoring Key’ (German designation: Deutscher Schweine 

Boniturschlüssel) (Anonymus, 2008). If a pig was identified as sick or injured, it was treated in 

the pen or removed to a hospital pen. The day of a tail-biting outbreak was defined for each pen 

individually as the first scoring day on which at least one large tail-lesion (larger than the 

diameter of the tail) was documented. If a tail-biting outbreak was identified, further pen 

enrichment was added to the pen and biting pigs were removed. From this day on, the previous 

four days were analysed using continuous event sampling during hours of light (6:00 to 18:00). 

One trained observer analysed the tail- and ear-biting behaviour of the pigs. This behaviour was 

defined as manipulating, sucking or chewing on the tail or ear of another piglet (Zonderland et 

al., 2011). The time, the initiator and the receiver of the behaviour was documented. These 

behavioural observations of the 12 h observation period formed the reference. For the analysis 

of this study, it was assumed that these represented reality without missing true events or adding 

false events. All smaller observation periods were later compared to this reference. 

To simulate shorter observation periods of continuous sampling or time sampling, the dataset 

of the continuous observation of 12 h per day was used as a starting point for subsampling. See 

Table 1 and Figure 1 for an overview of the observation periods used. The 12 h (06:00 to 18:00) 

were evenly divided into smaller time intervals forming shorter observation periods (6 h, 3 h, 1 

h and 0.5 h) of continuous sampling. However, the observation periods 3 h, 1 h, 0.5 h were 

limited to the activity times of the pigs (08:30 to 11:30 in the morning and 14:30 to 17:30 in 

the afternoon). The activity time was defined as time periods with the most biting behaviour 

per hour and it was determined beforehand. Observation periods of the same length did not 

overlap. For example, the first observation period of 1 h started 08:30 and ended 09:30, the 

second observation period of 1 h started 9:30 and ended 10:30, etcetera. This resulted in one 12 

h observation period, two 6 h observation periods, two 3 h observation periods, six 1 h 

observation periods and twelve 0.5 h observation periods per day. Additionally, the first 10 min 

of each 30 min were used to simulate time sampling. Here, the observation periods covered the 

3 h of activity time in the morning or in the afternoon (6 × 10 min), a combination of both 

activity times (2 × 6 × 10 min), 6 h in the morning or afternoon (12 × 10 min) and the whole 

day during the 12 h of light (24 × 10 min). Again, observation periods of the same length did 

not overlap. For example, the observation period of 6 × 10 min started at 08:30 and analysed 

the first 10 min of each 30 min for the following 3 h (08:30 – 08:40, 09:00 – 09:10, 09:30 – 

09:40, 10:00 – 10:10, 10:30 – 10:40, 11:00 – 11:10). The second observation of 6 × 10 min 

started at 08:40 and analysed the first 10 min of each 30 min for the following 3 h (08:40 – 

08:50, 09:10 – 09:20, 09:40 – 09:50, 10:10 – 10:20, 10:40 – 10:50, 11:10 – 11:20), etcetera. 
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This resulted in three 24 × 10 min observation periods, six 12 × 10 min observation periods, 

three 2 × 6 × 10 min observation periods and six 6 × 10 min observation periods per day. 
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Table 1. Overview of the observation periods used (OP). The activity times were 08:30 to 11:30 and 14:30 to 17:30. 

Observation period 

(OP) 
Sampling method 

Hours 

covered 

Hours 

analysed 

Number of different OP per 

day 

Limited to activity 

time 

12 h continuous sampling 12 12 1 no 

6 h continuous sampling 6 6 2 no 

3 h continuous sampling 3 3 2 yes 

1 h continuous sampling 1 1 6 yes 

0.5 h continuous sampling 0.5 0.5 12 yes 

      

24 × 10 min time sampling 12 4 3 no 

12 × 10 min time sampling 6 2 6 no 

2 × 6 × 10 min time sampling 6 2 3 yes 

6 × 10 min time sampling 3 1 6 yes 
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Figure 1. Overview of observation periods used (OP). The grey sections display the earliest examples of each kind of observation period per day. The 

activity times were 08:30 to 11:30 and 14:30 to 17:30.
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The behaviour illustrated was counted within each observation period for each pig and each 

behaviour (initiating tail-biting behaviour, receiving tail-biting behaviour, initiating ear-biting 

behaviour, receiving ear-biting behaviour) separately. To simplify the comparison between 

different lengths of observation periods, the amount of behaviour illustrated was adjusted to the 

amount of shown behaviour per hour. Then, all observation periods were compared twice for 

each behaviour separately: Comparison 1 compared all observation periods to the continuous 

observation period of 12 h to analyse the agreement to the reference, i.e. the representation of 

reality. Comparison 2 compared all observation periods of the same kind (continuous sampling 

or time sampling) and length with each other to analyse the agreement between the observation 

periods. It was known that the amount of biting behaviour shown increased over the four 

observation days (Wilder et al., 2020). Thus, differences between the days would arise from the 

developing tail-biting outbreak and not from measurement errors of the chosen sampling 

method or observation period. Because this study focused on the differences of observation 

periods and sampling methods, each day was used as an independent unit and all comparisons 

were limited to the observation periods within a day. Different measurements of accuracy were 

used for the comparisons. 

On the one hand, a measurement relied on the numerical agreement. The amount of behaviour 

of a pig shown in one observation period was compared to the amount of behaviour of the same 

pig shown in the other observation period. However, a tolerance range was applied, because it 

was highly unlikely to observe an animal showing behaviour in two observation periods for the 

exact same number of time. The robustness of the database of this study was analysed 

beforehand for the effect of missing data. It could be shown that observation periods of different 

length were robust against missing data if an error rate of 10 % was not exceeded. Based on 

these results, the tolerance range was set to ± 10 % as values within this tolerance range could 

still be used for an agreement. Other tolerance ranges were also tested. Wider tolerance ranges 

increased the resulting accuracy scores and their variance; however, the ratio between the mean 

accuracy scores of the different observation periods did not change. Still, the tolerance range 

was set to ± 10 %. Therefore, the agreement was either 1 (the amount of behaviour of a pig 

shown in one observation period was within the range of the amount of behaviour ± 10 % shown 

in the second observation period) or 0 (the amount of behaviour of a pig was not within the 

range of the amount of behaviour ± 10 % shown in the second observation period). The 

percentage of agreements (PA) was then calculated per pen.  

On the other hand, measurements relied on the stability of the ranking order within a pen. The 

measurement Overlap Top 1 checked whether the animal(s) in the highest ranking in an 

observation period had the highest rank in the second observation period as well. This was 

defined as 

OTop 1 = [U∩V] / [U∪V],     (1) 

where U is the set of animals of the highest ranking in one observation period and V is the set 

of animals of the highest ranking in the other observation period (Borgatti et al., 2006). 

Similarly, the measurement Overlap Top 3 checked whether the animals in the highest three 
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rankings of one observation period were among the highest three rankings of the second 

observation period. This was defined as 

OTop 3 = [U∩V] / [U∪V],     (2) 

where U is the set of animals in the highest three rankings of one observation period and V is 

the set of animals in the highest three rankings of the other observation period (Borgatti et al., 

2006).  

The last measurement was the squared Spearman correlation coefficient, which analyses the 

changes in the whole ranking order between one observation period and the other. It can be 

interpreted as the proportion of variance in the ranking order of one observation period 

accounted for by the observed ranks of the other observation period (Borgatti et al., 2006). 
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RESULTS 

The analysis of the 288 hours of video footage produced a total of 18,364 observations divided 

into 9,950 tail-biting behaviour events and 8,414 ear-biting behaviour events. The mean, 

standard deviation and range of the four types of behaviour analysed (initiating tail-biting 

behaviour, receiving tail-biting behaviour, initiating ear-biting behaviour, receiving ear-biting 

behaviour) according to the observation periods used are shown in Table 2. There is a wide 

span between the mean and extreme values. 
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Table 2. Mean ± standard deviation and the range of the amount of behaviour per hour per pig according to the behaviour and observation period. 

   Initiating behaviour  Receiving behaviour 

Behaviour 
Observation 

period 
 

Mean  ± standard 

deviation 
Range  

Mean  ± standard 

deviation 
Range 

Tail-Biting 12 h  1.45 ± 1.77 0 - 17.67  1.45 ± 1.18 0 - 9.33 

Tail-Biting 6 h  1.45 ± 2.10 0 - 25.33  1.45 ± 1.42 0 - 12 

Tail-Biting 3 h  1.57 ± 2.42 0 - 26.67  1.57 ± 1.62 0 - 13 

Tail-Biting 1 h  1.57 ± 3.12 0 - 54  1.57 ± 2.16 0 - 24 

Tail-Biting 0.5 h  1.57 ± 3.69 0 - 74  1.57 ± 2.66 0 - 26 

        

Tail-Biting 24 × 10 min  1.45 ± 1.93 0 - 21.25  1.45 ± 1.31 0 - 12.25 

Tail-Biting 12 × 10 min  1.45 ± 2.34 0 - 31.5  1.45 ± 1.63 0 - 13.5 

Tail-Biting 2 × 6 × 10 min  1.57 ± 2.22 0 - 23.5  1.57 ± 1.56 0 - 13 

Tail-Biting 6 × 10 min  1.57 ± 2.84 0 - 40  1.57 ± 2.01 0 - 17 

        

Ear-Biting 12 h  1.23 ± 1.00 0 - 7.33  1.23 ± 0.83 0 - 5.08 

Ear-Biting 6 h  1.23 ± 1.27 0 - 13  1.23 ± 1.06 0 - 6.33 

Ear-Biting 3 h  1.36 ± 1.60 0 - 15.33  1.36 ± 1.34 0 - 9 

Ear-Biting 1 h  1.36 ± 2.22 0 - 33  1.36 ± 1.88 0 - 15 

Ear-Biting 0.5 h  1.36 ± 2.79 0 - 54  1.36 ± 2.40 0 - 22 

        

Ear-Biting 24 × 10 min  1.23 ± 1.16 0 - 9  1.23 ± 0.98 0 - 7.25 

Ear-Biting 12 × 10 min  1.23 ± 1.52 0 - 16.5  1.23 ± 1.28 0 - 9.5 

Ear-Biting 2 × 6 × 10 min  1.36 ± 1.48 0 - 13  1.36 ± 1.30 0 - 10.5 

Ear-Biting 6 × 10 min  1.36 ± 2.00 0 - 21  1.36 ± 1.74 0 - 12 
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The results of comparison 1 (comparison of different observation periods to the reference of 12 

h continuous observation) are shown in Figure 2 a-d according to behaviour analysed and 

measurement of accuracy used. Generally, the accuracy scores range from 0 to 1, whereas the 

mean accuracy scores range from 0.03 to 0.77. The differences between continuous sampling 

observation periods and time sampling observation periods come mainly from an overall trend 

of longer observation periods producing better accuracy scores. Apart from this, the accuracy 

scores are on a similar level. The accuracy scores of the different behaviours are on a similar 

level as well, although initiating tail-biting behaviour has slightly better scores. Comparing the 

different measurements of accuracy shows better accuracy scores for the measurement based 

on the ranking order. 
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Figure 2. Agreement to reference of 12 h observation period. Accuracy scores ± standard 

deviation of the number of shown a) initiating tail-biting, b) receiving tail-biting, c) initiating 

ear-biting and d) receiving ear-biting according to the observation period and measurement of 

accuracy (Top 1: Overlap Top 1, Top 3: Overlap Top 3, RS²: Squared Spearman correlation 

coefficient, PA: percentage of agreement). 



 

18 

 

Figure 2 (continued). Agreement to reference of 12 h observation period. Accuracy scores ± 

standard deviation of the number of shown a) initiating tail-biting, b) receiving tail-biting, c) 

initiating ear-biting and d) receiving ear-biting according to the observation period and 

measurement of accuracy (Top 1: Overlap Top 1, Top 3: Overlap Top 3, RS²: Squared Spearman 

correlation coefficient, PA: percentage of agreement).
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In Figure 3 a-d, the results of comparison 2 (comparison between the observation periods of the 

same kind and length) is displayed. Here, the mean accuracy scores range from 0.05 to 0.47. 

Analogous to the comparison 1, the initiating tail-biting behaviour produces slightly better 

accuracy scores. Additionally, the measurement PA produces the best accuracy scores for 

observation periods of 1 h or shorter.
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Figure 3. Agreement among observation periods of the same kind (continuous sampling or time 

sampling) and length. Accuracy scores ± standard deviation of the number of shown a) initiating 

tail-biting, b) receiving tail-biting, c) initiating ear-biting and d) receiving ear-biting according 

to the observation period and measurement of accuracy (Top 1: Overlap Top 1, Top 3: Overlap 

Top 3, RS²: Squared Spearman correlation coefficient, PA: percentage of agreement). 
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Figure 3 (continued). Agreement among observation periods of the same kind (continuous 

sampling or time sampling) and length. Accuracy scores ± standard deviation of the number of 

shown a) initiating tail-biting, b) receiving tail-biting, c) initiating ear-biting and d) receiving 

ear-biting according to the observation period and measurement of accuracy (Top 1: Overlap 

Top 1, Top 3: Overlap Top 3, RS²: Squared Spearman correlation coefficient, PA: percentage 

of agreement).  
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DISCUSSION 

This study investigated the validity of behavioural observations of biting behaviour in pigs. 

Observation periods of different length using continuous sampling or time sampling were 

compared to the observations of 12 h continuous sampling, which were set as the reference. 

The validity evaluates whether a measurement accurately measures reality (Campbell, 1957). 

Thus, the biting behaviour of pigs was analysed in as much detail as possible by a thoroughly 

trained observer for 12 h per day to approximately represent reality. Therefore, the observations 

were defined as an accurate representation of reality without missing events or adding false 

events to be able to test subsets of shorter observation periods for their validity. 

In the comparison of different observation periods to the reference of 12 h continuous 

observation, the mean accuracy scores differed according to the observation period used. 

However, the differences in total analysis time accounted for this effect more than for example 

the differences between continuous sampling and time sampling. Here, analysing the video 

footage for a longer time in total resulted in better accuracy scores. Comparing observation 

periods of continuous sampling and time sampling that cover the same time period (e.g. the 

activity time), it becomes clear that there is a loss of information resulting in worse accuracy 

scores of the time sampling observation periods, whereas the accuracy scores are at a similar 

level if observation periods of continuous sampling and time sampling which invested the same 

analysis time (e.g. 1 h during the activity time) are compared. Thus, time sampling is a trade-

off as it accepts a loss in information in exchange for saving analysis time. However, this trade-

off can be beneficial to use the limited time, which can be invested in observations more 

efficiently, because it allows for longer time periods without increasing the required analysis 

time and without decreasing accuracy, which is more important. 

Comparing the accuracy scores of the behaviour analysed (initiating tail-biting behaviour, 

receiving tail-biting behaviour, initiating ear-biting behaviour, receiving ear-biting behaviour) 

shows small differences, but they follow the same trends according to measurement of accuracy 

and observation period used. However, the accuracy scores of initiating tail-biting behaviour 

are slightly better for the measurements based on the ranking order (Top 1, Top 3, RS²). Here, 

the wider range in the amount of behaviour and the extreme values caused greater differences 

between the animals, especially in the higher rankings. Therefore, the ranking order was less 

affected by shorter observation periods with a disproportionate distribution of behaviour shown. 

This resulted in better accuracy scores of initiating tail-biting behaviour.  

When evaluating the results of the accuracy scores it is essential to keep in mind the different 

foci of the measurements of agreement and the hypothesis of the study to be investigated. The 

measurements Top 1 and Top 3 are the proportion of correctly chosen animals in the highest or 

the three highest rankings in a pen based on the behaviour shown. RS² gives an insight into the 

stability of the ranking order of the whole pen and PA is the proportion of correctly estimated 

amount of behaviour shown. Thus, it is important to choose a measurement that is appropriate 

for the hypothesis under investigation. Besides, for the measurement PA, it has to be considered 

when the animals are observed and whether the behaviour is regularly shown throughout the 

day, as there are differences in the social interaction of animals during activity or resting periods 

(Harcourt, 1978). In this study, for example, tail-biting behaviour was shown more often during 
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the activity time in the morning or in the afternoon. Thus, focusing the observations on activity 

time and applying this to the whole day overestimated certain behaviour, since resting periods 

were neglected. As a result, the accuracy scores of observation periods focusing on the activity 

time were worse for the measurement PA compared to observation periods which included 

inactivity time. 

Moreover, the comparison between the observation periods of the same kind and length 

produced mostly low accuracy scores. Therefore, the starting point of the observation can also 

affect the results considerably, which was demonstrated by Hämäläinen et al. (2016) as well. 

This can complicate comparability between studies if animals are observed at different times 

or if animals differ in their daily routine because of variations in, for example, feeding 

schedules. Thus, sampling method, observation length as well as observation time should be 

carefully considered. 

However, the question is whether it is possible to distinguish between bad, moderate or good 

accuracy. Or whether it is possible to determine a required minimum analysis time per day, 

bearing in mind that it is unusual for studies on biting behaviour to observe animals for longer 

than 2 h per day (Statham et al., 2009; Brunberg et al., 2011; Zonderland et al., 2011; Ursinus 

et al., 2014; Munsterhjelm et al., 2016; Lahrmann et al., 2018)? There are defined thresholds 

for the evaluation of correlation coefficients (Martin and Bateson, 2012). Applying them to 

RS², an accuracy score between 0.16 – 0.49 results in moderate accuracy, between 0.49 – 0.81 

in good accuracy and an accuracy score above 0.81 results in very good accuracy. If these 

thresholds are applied to the other measurements of accuracy as well, no observation period 

would exceed the threshold for very good accuracy on average. Moreover, not all observation 

periods of a total analysis time of 2 h or longer would exceed the threshold for good accuracy 

on average. For the measurement PA, only mean accuracy scores of the observation periods 

longer than 4 h would produce a moderate accuracy. Thus, the ranking order could be estimated 

with an at least moderate validity, whereas the amount of behaviour shown could not be 

estimated with an at least moderate validity except for the longest tested observation periods. 

Nevertheless, these are results of biting behaviour that is difficult to observe because it is 

irregular and has a short duration (Oliveira et al., 2018). Thus, it should be analysed whether 

the results presented are transferable to other types of behaviour as well. As different studies 

have demonstrated, behaviour can be efficiently and accurately estimated using scan sampling 

for behaviour with a long duration (e.g. resting) (Mitlöhner et al., 2001; Bowden et al., 2008; 

Daigle and Siegford, 2014; Chen et al., 2016; Pullin et al., 2017; Oliveira et al., 2018) or time 

sampling for behaviour with a moderate duration (e.g. feeding, locomotion) (Arnold-Meeks and 

McGlone, 1986; Daigle and Siegford, 2014). However, in other studies on pigs, it was not 

possible to accurately estimate different behaviour with short duration using scan sampling, 

such as pain associated behaviour (Park et al., 2020) or agonistic or sexual behaviour (Oliveira 

et al., 2018). Hence, the validity of observations of short-term and irregular behaviour should 

be investigated in greater detail to approve results of existing studies and to determine optimal 

observation techniques for future studies. 
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CONCLUSION 

This study investigated the validity of different observation periods and sampling methods on 

the basis of biting behaviour of pigs. It could be shown that observation periods which analysed 

more time in total produced better accuracy scores. Additionally, time sampling covers longer 

time periods without decreasing the accuracy compared to continuous sampling. Focusing on 

the activity time of the animals can lead to overestimation if the behaviour is not shown 

regularly during the day. This study demonstrated difficulties in choosing the appropriate 

observation period or sampling method to accurately observe short and irregular behaviour. 

Therefore, the validity of other behavioural observations should be further investigated in future 

studies to develop optimal sampling methods. 
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ABSTRACT 

With social network analysis the group structures of animals can be studied. But the underlying 

behavioural observations face problems of missing events or deviations between observers. 

This study analysed the robustness of node-level network parameters based on tail-biting 

observations in pigs affected by missed events. Real observations of one observer were used as 

gold standard to build true networks and to compare two sets of erroneous networks to them. 

The first set consisted of networks from different observers of the same data basis. The second 

set consisted of networks with a fixed error rate (random samples of gold standard). The 

stability of the ranking order was used as indication of accuracy (range 0 – 1; ≥ 0.49 good 

accuracy; ≥ 0.81 very good accuracy). Comparing observer with true networks yielded overall 

bad accuracy scores. Generally, outgoing network parameters (active: biting) provided better 

accuracy scores than ingoing network parameters (passive: being bitten). The results of sampled 

networks showed decreasing accuracy scores with increasing error rate. At the same error rate, 

longer observation periods yielded better accuracy scores. For sampled networks, differences 

between outgoing and ingoing network parameters were more distinct and local parameters 

(direct contacts) provided better accuracy scores than global parameters (direct and indirect 

contacts). Overall, sampled networks with 30 % missed events yielded good to very good 

accuracy. As networks with more observations handle missed events better, studies of 

behavioural observations always need to evaluate required accuracy and feasible workload. 

This study gives insights in accuracy estimation of behavioural observations.  

 

Keywords: network analysis; sampling error; pig; tail-biting 
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INTRODUCTION 

Tail-biting behaviour is a serious welfare problem in modern pig husbandry, impairing animal 

health as well as production costs (Sonoda et al., 2013). Because of the multi-factorial cause 

(Schrøder-Petersen and Simonsen, 2001; EFSA, 2007; Taylor et al., 2010; D'Eath et al., 2014) 

there is yet no universal solution to prevent tail-biting behaviour completely. Thus, further 

studies are needed to understand the genesis of tail-biting behaviour. Since the behaviour of 

group housed animals is affected by the behaviour of other pen mates (Makagon et al., 2012), 

the group structure is important for the understanding of the individual’s behaviour. One way 

to analyse group structure is social network analysis (Krause et al., 2007), which has been 

increasingly applied to animal behaviour in recent years (Lusseau and Newman, 2004; Croft et 

al., 2005; McCowan et al., 2008; Drewe et al., 2009; Hinton et al., 2013; Büttner et al., 2019). 

In this method, the animals are represented by nodes that are connected by edges that represent 

the interactions between the animals (Asher et al., 2009). These interactions can be undirected, 

for example sharing the same sleeping place, or directed, if there is a definite initiator and 

receiver, for example grooming or fighting. The resulting edges are either bidirectional 

connecting both nodes with each other or unidirectional connecting only the initiator with the 

receiver but not inversely. The edges can be either unweighted, i.e. present or absent, or they 

can be weighted, if for example the frequency of the interaction is important for the further 

analysis (Wasserman and Faust, 1994; Wey et al., 2008; Croft et al., 2011). Several network 

parameters at network and node-level have been developed, providing a standardised way to 

describe the group structure or the node’s position within this group (Wasserman and Faust, 

1994; Newman, 2010). Using these parameters, studies of the changing group structure after 

the removal of animals or the addition of animals to the group (Williams and Lusseau, 2006) 

or at different age levels (Büttner et al., 2015) are possible. To build these networks, behavioural 

observations are needed to obtain the requested information on the animals. During these 

observations, different problems may cause errors in the datasets altering the resulting 

networks. For example, different interpretations of the ethogram or distraction and weariness 

due to extensive workload can lead to missed events.  

This study analysed the effect of missed events on the robustness of tail-biting networks in pigs. 

Therefore, we used the networks derived from tail-biting observations of one observer as a gold 

standard and compared them with two datasets, one dataset of real networks and one dataset of 

simulated networks. The first dataset consisted of the observations of the same pigs but analysed 

by three other observers. The second dataset consisted of random samples of the gold standard 

dataset to simulate missed events at fixed error rates. 
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MATERIAL AND METHODS 

Data basis 

The video footage used in this study was recorded on the agricultural research farm 

‘Futterkamp’ of the Chamber of Agriculture of Schleswig-Holstein in Germany from 

November 2016 until April 2017. There, 144 crossbreed piglets (Pietrain x (Large White x 

Landrace)) were housed together in 6 conventional pens with 24 individually marked piglets 

per pen after an average suckling period of 28 days. For 40 days, the pens were each video 

recorded by one AXIS M3024-LVE Network Camera produced by Axis Communications. The 

tail-lesions of the piglets were scored twice a week according to the ‘German Pig Scoring Key’ 

(German designation: Deutscher Schweine Boniturschlüssel) (Anonymus, 2016). When at least 

one large tail-lesion (larger than the diameter of the tail) had been documented on a scoring 

day, the video footage of the previous 4 days was analysed for the tail-biting behaviour of the 

piglets. This was analysed using continuous event sampling during the light hours (6:00 – 18:00 

h) resulting in 288 hours of video observation. Because of the fixed camera angle, the chewing 

movement of the biting pig could not be seen for every tail-directed behaviour on the video 

footage. Therefore, tail-biting behaviour was defined as manipulating, sucking or chewing on 

a pen mate’s tail (Zonderland et al., 2011). The initiator, receiver and the time of each tail-biting 

behaviour event was recorded. 

Video analysis 

The video analysis started with four trained observers. Beforehand, every observer had to 

analyse the tail-biting behaviour in a test video to determine the interobserver reliability using 

Cohen’s kappa (Cohen, 1960). This video consisted of short clips showing a group of pigs in 

which one pig may or may not have performed tail-biting behaviour. If the interobserver 

reliability was too low (Cohen’s kappa < 0.7), the observers had to resume the training. The test 

video analysis was repeated throughout the study to check for changes in the interobserver 

reliability and to test the intraobserver reliability. For this purpose, a fixed number of clips 

remained in the test video, the remaining clips were exchanged and all clips were put in a 

random order. Again, if the inter- or intraobserver reliability was too low, the observer had to 

resume the training. 

True vs. Observer – Comparison of different observers 

The reliability of the test videos proved to be good, but still differences between the observers 

in the actual video analysis became obvious at some point. Hence, the number of observers had 

to be narrowed to one, to avoid biased data. The intraobserver reliability of the test videos was 

calculated and the already analysed video observations were scanned for mistakes by the 

supervisor who was responsible for the training. The observer with the highest intraobserver 

reliability (Cohen’s kappa: 0.81 ± 0.1 (Mean ± standard deviation)) and least missed events was 

chosen to complete the video observations and to analyse the parts of the other observers again. 

Therefore, the whole video observation was done by one observer. For this study, we assumed 

that all events actually happened and no events were missed by this observer. Thus, these tail-
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biting behaviour observations formed the true dataset. The datasets of the three excluded 

observers formed the observer datasets, which were later compared to the true dataset. 

True vs. Sampled – Comparison of different error rates 

For a better understanding of the extent of deviations between observers and its consequences, 

we used the true dataset to simulate missing observations with a fixed error rate. Therefore, we 

drew random samples from the true dataset containing 10 – 90 % of the tail-biting behaviour 

events. Thus, a sample containing 10 % of the initial events had 90 % of missing observations. 

All samples were drawn evenly throughout the observation period and all six pens. At each 

sampling rate, the sampling was iterated 1000 times. Therefore, there were 9000 samples which 

formed the sampled datasets which were later compared to the true dataset, as well. 

Network analysis  

Networks consist of nodes and edges, where an edge connects the initiating node with the 

receiving node (Figure 1). This study used tail-biting behaviour observations as a basis for the 

networks. Since tail-biting behaviour has a clear initiator and receiver and the frequency of the 

interaction between the pigs is known, the edges are directed and weighted to represent the tail-

biting behaviour. To build networks out of the true, observer and sampled datasets, the four 

analysed days of each pen were divided into time windows and the tail-biting behaviour was 

summed up within these time windows. To analyse the effect of different lengths of observation 

periods, we chose different time windows (0.5, 1, 3, 6 and 12 h) and generated 43 networks (24 

× 0.5 h, 12 × 1 h, 4 × 3 h, 2 × 6 h, 1 × 12 h) per day from the tail-biting behaviour within these 

time windows. All networks contained 24 nodes but differed in their density, i.e. the number of 

present edges divided by the number of possible edges in the network, depending on the time 

window or sampling rate.  

 

Figure 1. Example of a network. The pigs display the nodes and the arrows display the edges 

pointing from the initiating to the receiving node. The thickness of the arrows displays the 

weight, i.e. the frequency, of an edge. 

The density is a network-level parameter, but there are several node-level centrality parameters 

that can be calculated for each node in the resulting networks individually (Wasserman and 

Faust, 1994; Newman, 2010). The degree of a node is the number of nodes that have a 

connection to this node. If a pig was not involved in tail-biting behaviour at all, i.e. had no 
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connections to other nodes within a given time window, it was considered an isolated node. In 

a directed network, the degree is divided into the in-degree, i.e. the number of nodes with a 

connection to this node, and the out-degree, i.e. the number of nodes this node has a connection 

to. The weighted in-degree and the weighted out-degree of a node are the sum of all ingoing 

edges or outgoing edges, respectively. In the context of tail-biting behaviour, it is the number 

of initiated or received tail-biting behaviour events. Two nodes can also be connected in an 

indirect way, if they are both connected to a third node or if there is a path over several other 

nodes. The closeness centrality of a node is the reciprocal mean path length needed to reach all 

connected nodes in this network. Similar to the degree, it is divided into the ingoing closeness 

and the outgoing closeness, if the network is directed. There, the ingoing closeness of a node is 

the reciprocal mean path length of all connected nodes to reach this node and the outgoing 

closeness centrality of a node is the reciprocal mean path length of this node to reach all other 

connected nodes. In an unweighted network, the path length of every edge is one. If the edges 

in a network are weighted, a high edge weight represents a frequent interaction between the 

nodes. Therefore, if an edge with a high weight connects two nodes, they are considered to be 

closer together and the edge is ‘easier’ to pass. In order to retain this relation for the calculation 

of the centrality parameters, the inverse edge weight is used as the path length. It is also possible 

for two nodes to be connected by more than one path as well. Then, the shortest path is the path 

including the fewest edges. The betweenness centrality is the number of shortest paths between 

all other nodes going through this node divided by the number of all shortest path between the 

other nodes. In a directed network, the betweenness centrality considers the direction of the 

edges. If the edges are weighted, the path length of an edge is the inverse edge weight, as it is 

for the weighted closeness centrality. 

In this study, the directed and weighted variants of the centrality parameters were used. For 

each time window in all datasets (true, observer and sampled), the tail-biting behaviour was 

used to build a network and the centrality parameters were calculated for each node 

individually. The calculation of the network parameters were carried out using the Python 

module NetworkX (Hagberg et al., 2008).      

Statistical analysis 

To analyse the robustness of the centrality parameters, all five centrality parameters of the 

erroneous networks (observer and sampled) were compared to the centrality parameters of the 

respective true network using different measurements of accuracy. We were oriented towards 

the study of Borgatti et al. (2006), in which they used the stability of the ranking order as a 

criteria of accuracy. However, because of tied ranks in all three sorts of our networks, the 

measurements of accuracy had to be modified. The first measure ‘Overlap Top 1’ is the 

accuracy to choose the animal(s) in the highest rank based on an erroneous network correctly. 

It was defined as the overlap between the set of nodes in the highest rank of the true network 

and the set of nodes in the highest rank of the erroneous network. It is computed as [𝑈 ∩ 𝑉] / 

[𝑈 ∪ 𝑉], where 𝑈 is the set of nodes in the highest rank of the true network and V is the set of 

nodes in the highest rank of the erroneous network. The second measure ‘Overlap Top 3’ is the 

accuracy to choose the animals in the top three ranks based on an erroneous network correctly. 

It was defined as the overlap between the set of nodes in the top three ranks of the true network 
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and the set of nodes in the top three ranks of the erroneous network independent of the order 

within these ranks. It is computed equivalent to ‘Overlap Top 1’. The last measure ‘R²’ is the 

square of the Spearman correlation coefficient between the true and erroneous networks to 

analyse the changing of the ranking order, i.e. the group structure, in the whole pen. It can be 

interpreted as the proportion of variance in the ranking order of the true network accounted for 

by the ranks of the erroneous network. Apart from tied ranks, there was another problem, 

especially with less dense networks. The number of isolated nodes in a network increased with 

a decreasing number of edges. However, if a node has no edges, it cannot be affected by random 

edge removal and therefore the centrality parameters of isolated nodes cannot change. This 

could falsely alter the accuracy measurements in a positive direction. To prevent this, nodes, 

which were isolated in the true networks, were not included in the calculation of the accuracy 

measurements. Furthermore, we excluded sparse networks, in which all nodes were in the top 

three ranks of the sampled network, from the calculation of ‘Overlap Top 3’, because this could 

falsely alter the accuracy scores as well. The three accuracy measurements were used to 

compare the centrality parameters of the observer and sampled networks with their respective 

true network. The statistical software package SAS 9.4 (SAS® Institute Inc., 2013) was used 

for the analysis. 

For the interpretation of the accuracy scores of a centrality parameter, we tried to give a rough 

estimate of what is good accuracy. Assuming a stable ranking order indicates that there are only 

few changes in network structure, high accuracy scores indicate robust centrality parameters. 

To examine the whole group structure of a pen, Martin and Bateson (2012) stated that a 

Spearman correlation coefficient of 0.7 and greater is a marked relationship and a Spearman 

correlation coefficient of 0.9 and greater is a very dependable relationship. Therefore, ‘R²’ 

accuracy scores of 0.49 and greater can be interpreted as good results and ‘R²’ accuracy scores 

of 0.81 and greater can be interpreted as very good results regarding the group structure. Since 

there are no standard thresholds to interpret the ‘Overlap Top 1’ and ‘Overlap Top 3’ 

measurements, we applied the thresholds of ‘R²’ as well, as the scores tend to be in the same 

range. 
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RESULTS 

During the observation period, there were 217.1 ± 68.0 (mean ± standard deviation) tail-biting 

behaviour events per day and pen in the true dataset. All networks consisted of 24 nodes but 

varied in their number of edges depending on the tail-biting activity and time window used. In 

case of the sampled networks, the sampling rate affected the number of edges as well. The mean 

and standard deviation of the network density, number of isolated nodes and the centrality 

parameters of the true networks and the sampled networks (exemplary at a sampling rate of 50 

%) can be seen in Table 1. For the accuracy measurements of ‘Overlap Top 1’ and ‘Overlap 

Top 3’, all animals were ranked in the first rank or in the first three ranks in 2.68 ± 10.18 % or 

23.35 ± 29.27 %, respectively, of the sampled networks. Thus, these networks were excluded 

from the calculation 
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Table 1. Mean (standard deviation) of the network density, number of observations, number of isolated nodes and the weighted centrality 

parameters for all true networks and all sampled networks exemplary at 50 % sampling rate regarding the time window (TW). 

 True networks  Sampled networks at 50 % sampling rate 

 0.5 h TW 1 h TW 3 h TW 6 h TW 12 h TW  0.5 h TW 1 h TW 3 h TW 6 h TW 12 h TW 

Network density 
0.03  

(0.02) 

0.06  

(0.04) 

0.14  

(0.07) 

0.22  

(0.11) 

0.39  

(0.12) 
 

0.02  

(0.01) 

0.03  

(0.02) 

0.08 

(0.05) 

0.14 

(0.08) 

0.26 

(0.09) 

Number of 

observations 

17        

(12) 

31        

(19) 

77        

(41) 

128      

(63) 

217      

(68) 
 

9            

(7) 

18        

(11) 

46       

(26) 

79       

(41) 

141    

(51) 

Number of isolated 

nodes 

9.43  

(5.16) 

5.6    

(4.55) 

2.77  

(2.92) 

3.4    

(3.09) 

1.4    

(0.55) 
 

13.01  

(4.78) 

8.44  

(4.82) 

3.88  

(3.65) 

4.0      

(4.21) 

1.38 

(0.49) 

In-degree 
0.85  

(1.39) 

1.65  

(2.22) 

4.61    

(5.0) 

8.64  

(8.51) 

17.27  

(14.2) 
 

0.43  

(0.83) 

0.85  

(1.28) 

2.36  

(2.73) 

4.42  

(4.53) 

8.84  

(7.44) 

Out-degree 
0.85  

(1.99) 

1.65  

(3.23) 

4.61    

(7.4) 

8.64  

(12.58) 

17.27  

(21.23) 
 

0.43  

(1.09) 

0.85  

(1.74) 

2.36  

(3.87) 

4.42  

(6.51) 

8.84  

(10.89) 

Ingoing closeness 
0.077  

(0.119) 

0.135  

(0.159) 

0.237 

(0.167) 

0.326  

(0.185) 

0.35  

(0.149) 
 

0.036  

(0.069) 

0.061  

(0.089) 

0.124  

(0.115) 

0.196  

(0.131) 

0.222  

(0.093) 

Outgoing closeness 
0.027  

(0.054) 

0.052  

(0.076) 

0.121  

(0.104) 

0.132  

(0.097) 

0.179  

(0.107) 
 

0.013  

(0.03) 

0.023 

(0.042) 

0.062  

(0.068) 

0.078  

(0.062) 

0.11  

(0.061) 

Betweenness 
0.004  

(0.018) 

0.016  

(0.04) 

0.045  

(0.065) 

0.046  

(0.058) 

0.044  

(0.057) 
 

0.001  

(0.005) 

0.004  

(0.018) 

0.031  

(0.056) 

0.049 

(0.066) 

0.051  

(0.06) 
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True vs. Observer – Comparison of different observers  

The first step of this study was to compare the observer datasets of the excluded observers with 

the true dataset. Comparing the number of documented tail-biting behaviour events, the 

excluded observers documented 67.7 ± 20.2 % (mean ± standard deviation) fewer events 

(observer 2: 30.3 ± 5.3 %, observer 3: 76.5 ± 9.7 %, observer 4: 75.1 ± 0.5 %). The accuracy 

scores of the three excluded observers compared with the true dataset are shown in Table 2. 

Most of the accuracy scores were smaller than the thresholds of 0.49 or 0.81 mentioned. The 

accuracy scores differed according to the time window used, the accuracy measurement and the 

analysed centrality parameter, but did not always show a clear trend. For the accuracy 

measurement ‘R²’, larger time windows yielded higher accuracy scores and for the ‘Overlap 

Top 1’, this was also true for most cases but was not the case for the ‘Overlap Top 3’. Especially 

the ‘Overlap Top 1’ and ‘Overlap Top 3’ accuracy scores for the 30 min time window showed 

contrary behaviour, as they yielded higher scores in some cases compared to larger time 

windows. Comparing the measurements of accuracy, ‘Overlap Top 1’ yielded the highest 

accuracy scores most of time, but there was variability depending on the other parameters as 

well. For the different centrality parameters, in most cases, the outgoing centrality parameters 

(weighted out-degree, weighted outgoing closeness centrality) yielded higher accuracy scores 

compared to ingoing centrality parameters (weighted in-degree, weighted ingoing centrality 

parameters), whereas the betweenness centrality yielded the lowest accuracy scores. Overall, 

observer 2 provided the highest accuracy scores and exceeded the mentioned thresholds more 

often than the other two observers. 
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Table 2. Mean (standard deviation) (Overlap Top 1 and Overlap Top 3) or median (standard deviation) (R²), respectively, of accuracy scores of 

observer networks compared to the true networks regarding the weighted centrality parameters and time window (TW). 

  Overlap Top 1  Overlap Top 3  R² 

Centrality 
Obser

- ver 

0.5 h 

TW 

1 h 

TW 

3 h 

TW 

6 h 

TW 

12 h 

TW 
  

0.5 h 

TW 

1 h 

TW 

3 h 

TW 

6 h 

TW 

12 h 

TW 
  

0.5 h 

TW 

1 h 

TW 

3 h 

TW 

6 h 

TW 

12 h 

TW 

In-degree                   

 
1 

0.4 

(0.37) 

0.51 

(0.46) 

0.54 

(0.43) 

0.67 

(0.41) 

0.67 

(0.58) 
 

0.6 

(0.35) 

0.44 

(0.24) 

0.52 

(0.23) 

0.58 

(0.23) 

0.44 

(0.1) 
 

0.38 

(0.21) 

0.38 

(0.21) 

0.43 

(0.19) 

0.56 

(0.2) 

0.64 

(0.07) 

 
2 

0.18 

(0.31) 

0.19 

(0.31) 

0.23 

(0.37) 

0.38 

(0.43) 

0.45 

(0.47) 
 

0.31 

(0.33) 

0.27 

(0.23) 

0.31 

(0.25) 

0.35 

(0.21) 

0.32 

(0.16) 
 

0.13 

(0.15) 

0.14 

(0.14) 

0.18 

(0.15) 

0.17 

(0.18) 

0.24 

(0.17) 

 
3 

0.24 

(0.35) 

0.21 

(0.26) 

0.29 

(0.36) 

0.08 

(0.17) 

0.5 

(0.71) 
 

0.34 

(0.23) 

0.3 

(0.21) 

0.29 

(0.13) 

0.29 

(0.31) 

0.2    

(0) 
 

0.14 

(0.13) 

0.15 

(0.15) 

0.13 

(0.21) 

0.31 

(0.16) 

0.42 

(0.11) 

Out-degree                   

 
1 

0.45 

(0.39) 

0.59 

(0.41) 

0.55 

(0.43) 

0.62 

(0.45) 

1      

(0) 
 

0.6 

(0.34) 

0.46 

(0.25) 

0.45 

(0.23) 

0.52 

(0.21) 

0.62 

(0.13) 
 

0.48 

(0.24) 

0.55 

(0.21) 

0.63 

(0.19) 

0.74 

(0.11) 

0.8 

(0.03) 

 
2 

0.25 

(0.37) 

0.28 

(0.39) 

0.25 

(0.39) 

0.24 

(0.43) 

0.41 

(0.49) 
 

0.29 

(0.33) 

0.3 

(0.28) 

0.33 

(0.28) 

0.35 

(0.27) 

0.38 

(0.22) 
 

0.18 

(0.16) 

0.17 

(0.15) 

0.26 

(0.19) 

0.28 

(0.17) 

0.36 

(0.19) 

 
3 

0.41 

(0.48) 

0.36 

(0.46) 

0.44 

(0.5) 

0.5 

(0.58) 

0.5 

(0.71) 
 

0.28 

(0.21) 

0.27 

(0.18) 

0.41 

(0.27) 

0.36 

(0.19) 

0.5    

(0) 
 

0.18 

(0.14) 

0.2 

(0.12) 

0.36 

(0.12) 

0.46 

(0.12) 

0.44 

(0.04) 

Ingoing 

Closeness 
                  

 
1 

0.39 

(0.43) 

0.48 

(0.49) 

0.54 

(0.5) 

0.83 

(0.41) 

1      

(0) 
 

0.45 

(0.32) 

0.36 

(0.27) 

0.46 

(0.32) 

0.44 

(0.14) 

0.4 

(0.17) 
 

0.38 

(0.2) 

0.39 

(0.2) 

0.3 

(0.17) 

0.41 

(0.23) 

0.53 

(0.14) 

 
2 

0.16 

(0.33) 

0.18 

(0.34) 

0.22 

(0.41) 

0.3 

(0.45) 

0.45 

(0.52) 
 

0.18 

(0.26) 

0.16 

(0.19) 

0.21 

(0.23) 

0.28 

(0.19) 

0.19 

(0.31) 
 

0.12 

(0.14) 

0.13 

(0.12) 

0.13 

(0.13) 

0.16 

(0.15) 

0.24 

(0.17) 

 
3 

0.17 

(0.35) 

0.19 

(0.39) 

0      

(0) 

0      

(0) 

0      

(0) 
 

0.18 

(0.13) 

0.21 

(0.23) 

0.29 

(0.34) 

0.25 

(0.1) 

0.1 

(0.14) 
 

0.13 

(0.11) 

0.1 

(0.1) 

0.12 

(0.19) 

0.21 

(0.12) 

0.19 

(0.12) 
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Table 2 (continued). Mean (standard deviation) (Overlap Top 1 and Overlap Top 3) or median (standard deviation) (R²), respectively, of accuracy 

scores of observer networks compared to the true networks regarding the weighted centrality parameters and time window (TW). 

  Overlap Top 1  Overlap Top 3  R² 

Centrality 
Obser

- ver 

0.5 h 

TW 

1 h 

TW 

3 h 

TW 

6 h 

TW 

12 h 

TW 
  

0.5 h 

TW 

1 h 

TW 

3 h 

TW 

6 h 

TW 

12 h 

TW 
  

0.5 h 

TW 

1 h 

TW 

3 h 

TW 

6 h 

TW 

12 h 

TW 

Outgoing 

Closeness 
                  

 
1 

0.43 

(0.45) 

0.64 

(0.47) 

0.63 

(0.48) 

0.58 

(0.49) 

1      

(0) 
 

0.46 

(0.33) 

0.43 

(0.3) 

0.4 

(0.24) 

0.53 

(0.41) 

0.57 

(0.4) 
 

0.46 

(0.24) 

0.5 

(0.19) 

0.51 

(0.15) 

0.65 

(0.22) 

0.84 

(0.07) 

 
2 

0.21 

(0.38) 

0.25 

(0.41) 

0.26 

(0.44) 

0.3 

(0.45) 

0.45 

(0.52) 
 

0.19 

(0.28) 

0.19 

(0.22) 

0.27 

(0.29) 

0.3 

(0.28) 

0.34 

(0.27) 
 

0.18 

(0.15) 

0.15 

(0.13) 

0.17 

(0.17) 

0.16 

(0.17) 

0.36 

(0.22) 

 
3 

0.39 

(0.49) 

0.43 

(0.51) 

0.75 

(0.46) 

0.5 

(0.58) 

0.5 

(0.71) 
 

0.21 

(0.17) 

0.26 

(0.25) 

0.3 

(0.23) 

0.35 

(0.17) 

0.5    

(0) 
 

0.15 

(0.14) 

0.18 

(0.11) 

0.27 

(0.14) 

0.44 

(0.22) 

0.37 

(0.19) 

Betweennes

s 
                  

 
1 

0.34 

(0.42) 

0.24 

(0.35) 

0.38 

(0.48) 

0.42 

(0.49) 

0.67 

(0.58) 
 

0.72 

(0.4) 

0.39 

(0.36) 

0.26 

(0.29) 

0.32 

(0.21) 

0.37 

(0.15) 
 

0.3 

(0.27) 

0.26 

(0.21) 

0.31 

(0.18) 

0.21 

(0.25) 

0.44 

(0.1) 

 
2 

0.15 

(0.32) 

0.08 

(0.22) 

0.1 

(0.27) 

0.13 

(0.31) 

0.27 

(0.47) 
 

0.34 

(0.42) 

0.22 

(0.31) 

0.18 

(0.22) 

0.29 

(0.24) 

0.26 

(0.16) 
 

0.1 

(0.24) 

0.07 

(0.17) 

0.07 

(0.09) 

0.09 

(0.11) 

0.06 

(0.16) 

 
3 

0.13 

(0.28) 

0.12 

(0.29) 

0.13 

(0.35) 

0.25 

(0.5) 

0.5 

(0.71) 
 

0.38 

(0.39) 

0.23 

(0.22) 

0.32 

(0.19) 

0.18 

(0.24) 

0.25 

(0.35) 
 

0.21 

(0.13) 

0.17 

(0.12) 

0.16 

(0.18) 

0.22 

(0.2) 

0.2 

(0.16) 
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True vs. Sampled – Comparison of different error rates  

The second step of this study was to compare the sampled datasets with different error rates 

with the true dataset. The results of the accuracy measurements for all centrality parameters, 

time windows and sampling rates are shown in Figure 2. It presents plots of the results of all 

used centrality parameters of the sampled networks as a function of sampling rate for all used 

time windows and accuracy measurements. In Figure 2a, the mean accuracy scores for the 

‘Overlap Top 1’ of the weighted in-degree of all time windows start around 0.3 at a sampling 

rate of 10 % and increase more or less linearly to 1.0 at a sampling rate of 100 %. There were 

small differences between the time windows with larger time windows having better accuracy 

scores, but these differences became smaller for higher sampling rates. This is similar for the 

‘Overlap Top 3’, but here, the overall differences between the time windows were smaller. On 

the other hand, the curves of the accuracy scores of ‘R²’ varied between the time windows. The 

curve of the 30 min time window starts at 0.14 with a linear increase until 1.0 at a sampling rate 

of 100 %. However, the curve of the 12 h time window starts at 0.46 with a steep increase for 

the lower sampling rates and a slow increase for the higher sampling rates until it reaches 1.0 

at a sampling rate of 100% as well. The other time windows ranged in between relatively to 

their size. 
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Figure 2. Sampled networks compared to the true networks; accuracy scores of a) the weighted 

in-degree, b) the weighted out-degree, c) the weighted ingoing closeness centrality, d) the 

weighted outgoing closeness centrality and d) the weighted betweenness centrality according 

to the sampling rate and measured by “Overlap Top 1”, “Overlap Top 3” and “R²” regarding 

the different time windows. 
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Figure 2 (continued). Sampled networks compared to the true networks; accuracy scores of a) 

the weighted in-degree, b) the weighted out-degree, c) the weighted ingoing closeness 

centrality, d) the weighted outgoing closeness centrality and d) the weighted betweenness 

centrality according to the sampling rate and measured by “Overlap Top 1”, “Overlap Top 3” 

and “R²” regarding the different time windows. 

Generally, all accuracy scores increased with increasing sampling rate independent of used 

centrality parameter, time window or accuracy measurement with only one exception (‘Overlap 

Top 3’ of the weighted out-degree using 0.5 h time window: accuracy score of 0.51 at a 

sampling rate 10 % vs. 0.49 at a sampling rate of 20 %). But with regard to the mentioned 

thresholds of accuracy, in most cases there were differences between the centrality parameters, 

time windows or accuracy measurement. If there were differences between the time windows, 

larger time windows resulted in greater accuracy scores compared to smaller time windows. 

The only exceptions were the ‘Overlap Top 3’ measurement of very sparse networks (due to 

small time window and/or small sampling rate), for which sparser networks yielded greater 

accuracy scores. Mostly, the accuracy scores measured with the squared Spearman correlation 

coefficient were greater than the accuracy scores of ‘Overlap Top 1’ or ‘Overlap Top 3’. The 

exception was again the ‘Overlap Top 3’ measurement for sparse networks, which differed as 

mentioned before. For the outgoing centrality parameters (weighted out-degree and weighted 

outgoing closeness), the accuracy scores of ‘Overlap Top 1’ were greater than ‘Overlap Top 3’. 

These differences were greater for larger time windows. For the ingoing centrality parameters 

(weighted in-degree and weighted ingoing closeness), larger sampling rates yielded greater 

accuracy scores for ‘Overlap Top 1’, while smaller sampling rates yielded greater accuracy 

scores for ‘Overlap Top 3’, but these differences were smaller compared to the outgoing 

centrality parameters. Overall, the results demonstrate that outgoing centrality parameters had 
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higher accuracy scores compared to ingoing centrality parameters. Moreover, ‘local’ centrality 

parameters (weighted in-degree and out-degree) had higher accuracy scores compared to 

‘global’ centrality parameters (weighted ingoing and outgoing closeness, weighted 

betweenness), with the weighted betweenness centrality yielding the lowest accuracy scores. 

  



 

45 

 

DISCUSSION 

This study analysed the robustness of centrality parameters by comparing a true dataset of tail-

biting behaviour with erroneous datasets using three different measurements of accuracy. In the 

first step, the true dataset was compared to the datasets of three real observers, which analysed 

the same video footage. In the second step, random samples of the true dataset were drawn to 

analyse the robustness at a fixed error rate. The accuracy scores differed considering the time 

window, accuracy measurement, centrality parameter and, in case of the sampled datasets, 

sampling rate. 

Accuracy scores 

The thresholds for interpreting the accuracy scores mentioned were proposed as rough 

estimations of what is good accuracy. However, as there are no standard thresholds for ‘Overlap 

Top 1’ and ‘Overlap Top 3’, it is always important to consider the context of the requested 

information and to choose an appropriate threshold for it. For example, selecting one animal 

with the highest number of contacts for further observations may be able to handle a low 

accuracy without any problems, as the animal with the second or third highest number of 

contacts may be suitable for the observations just as well if it is chosen by mistake. However, 

selecting and removing the most central animals between two subgroups to contain the spread 

of an infection may be a situation in which it would be crucial to guarantee a high accuracy, 

otherwise the measure would fail (Borgatti et al., 2006).  

True vs. Observer – Comparison of different observers  

Although all the observers achieved good to very good interobserver reliability results in the 

training video analysis before and during the actual analysis, the comparison of the resulting 

networks between the excluded observers and the true dataset yielded mostly poor results. 

Assuming the observers missed events at random, as in the ‘True vs. Sampled’ comparison, the 

mean sampling rate would have been about 23 % (observer 2: 40 %, observer 3: 13 %, observer 

4: 18 %), thus they would have missed 77 % of the actual events (observer 2: 60 %, observer 

3: 87 %, observer 4: 82 %). This is more than the actual difference of documented events 

because the events were probably not missed at random. Since there were 24 pigs per pen, 

events could have happened at the same time, which could have resulted in systematic mistakes. 

For example, the observers could have focused on the fast movements in the foreground, while 

overseeing tail-biting events in the lying area in the background. Or they could have focused 

on individual pigs which had performed tail-biting behaviour before. These biased observations 

might have led to worse accuracy scores than missing events at random. Thus, only one 

observer achieved very good results for larger time intervals for some centrality parameters. 

The observers were only allowed to start or continue the video analysis if they had achieved 

good results in the training. Therefore, they were probably focused during the test situation, but 

during the actual video analysis weariness and distraction were more likely to increase over 

time, leading to missed events. To detect these deviations caused by distraction, parts of the 

actual video footage could be used as a testing sequence and allocated to all observers without 
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labelling them as testing videos. This way, the observers would analyse it in the same situation 

and with the same focus as the actual analysis. 

After the deviation in the analysis became apparent, the observer with the fewest number of 

missed events and the highest intraobserver reliability was chosen to complete all of the video 

analysis. Regarding the accuracy scores of the excluded observers, it might have been possible 

to use the data of at least the larger time windows of observer 2. But considering the poor results 

for the smaller time windows and especially for the ‘Overlap Top 3’ measurements, additional 

training and a closer supervision would have been essential for observer 2 to continue the 

analysis. Having only one observer analyse the video footage took more time to complete the 

observations, but it ensured a dataset without the potential deviation of different observers. 

However, this alone did not guarantee the correctness of the dataset. Only after screening and 

confirming the observed events on a random basis and validating the intraobserver reliability, 

the true dataset was accepted for further investigation. 

True vs. Sampled – Comparison of different error rates  

The random edge removal used in this study simulates observers missing events during the 

video analysis. But missing events does not necessarily happen at random. For example, the 

observers could be focused during most of the analysis, but in the last 20 min before a break 

they become unfocused and start to miss events. Or they recognise a pig performing a lot of 

tail-biting behaviour and monitor this pig closely, while overlooking less active pigs. The edge 

removal of random sampling is evenly distributed throughout the day and between the pigs. 

Thus, the ranking order does not change that much on average as the centrality parameters are 

altered more or less evenly as well. Comparing the results of the observer datasets with the 

sampled datasets shows that the observer datasets yielded worse accuracy scores at the same 

percentage of missed events. Therefore, bias in sampling or observation leads to worse 

accuracy. Furthermore, missing events is not the only error possible in video analysis. 

Misidentification of the involved pigs or misclassification of the behaviour do happen as well 

but these were not simulated in this study. The study of Wang et al. (2012) studied both false 

negative and false positive edges (misclassification) in networks and found that false negative 

edges affect the accuracy more than false positive edges. 

Time window 

The effect of the time windows can be explained with the number of observations underlying 

the true network as in general the number of observations increased with larger time windows. 

With more observations, there can be more redundant observations between the same pigs. If 

one of the redundant observations between two animals is missing in the erroneous network, 

the effect on the accuracy is smaller than missing the only existing observation between two 

pigs. In the first case, only the edge weight is reduced by one, but in the second case the entire 

edge is missing. Thus, larger time windows provide more redundancy that can compensate for 

missing observations. This corresponds to the study of Voelkl et al. (2011), who found generally 

more stable results for datasets with more than 100 observations, and Zemljič and Hlebec 

(2005), in which denser networks yielded more stable measures of centrality. In the study of 

Borgatti et al. (2006), increasing the network density, thus the number of edges, reduced the 
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accuracy. But they resampled unweighted edges without any redundancy. Therefore, the edges 

in the observed network could only be present or absent. Thus, denser networks provided for 

more edges being removed at the same sampling rate thereby making greater changes in the 

network as a whole and reducing the accuracy of the centrality parameters. 

There were some exceptions for the ‘Overlap Top 3’ measurement, in which the time window 

of 0.5 h yielded better accuracy scores than larger time windows. Because these networks were 

quite sparse, i.e. having only few observations, there were a lot of tied ranks in the first three 

ranks of the sampled network. Therefore, there was a high probability that the set of nodes in 

the first three ranks of the true network were part of the set of nodes in the first three ranks of 

the sampled network, providing higher accuracy scores. However, these accuracy scores were 

still below or just above the lower limit of the threshold to be interpreted as good and the 

information value of these sparse networks is limited. Too sparse networks, in which all animals 

were ranked in the first three ranks, had already been excluded from the analysis, but still the 

accuracy scores of the ‘Overlap Top 3’ measurement were altered in a positive direction. It 

might be useful to further exclude sparse networks to ensure that there are enough observations 

in each network for a proper estimation of accuracy. Possibilities could be, for example, to 

exclude all time windows of 0.5 h or to restrict the analysis of these time windows to the activity 

period of the animals. 

Measurements of accuracy 

Random edge removal has a higher probability to affect high-degree nodes (Wang et al., 2012), 

because they are connected by more edges which can be removed. And since high-degree nodes 

are more likely to be among the top ranked nodes for all five centrality parameters, changes in 

the ranking order are more likely to occur in the higher ranks. Thus, the measurements ‘Overlap 

Top 1’ and ‘Overlap Top 3’ have smaller accuracy scores compared to ‘R²’. Since all 

measurements use the ranking order of the pigs for calculation, it depends on the differences in 

centrality parameters between the pigs and how many edges can be removed before a change 

in ranking order occurs. In the dataset used, there were only a few pigs per pen performing most 

of the tail-biting behaviour, thus having greater values of outgoing centrality parameters with a 

greater difference to the lower ranking pigs. On the other hand, being bitten was more evenly 

distributed between the pigs. Therefore, the differences in the ingoing centrality parameters 

between the top ranked pig and the other pigs were smaller. Thus, the ‘Overlap Top 1’ accuracy 

scores of the outgoing centrality parameters were higher than the ‘Overlap Top 3’ accuracy 

scores. 

For the ‘Overlap Top 3’ measurement, there was one case in which the accuracy score decreased 

with increasing sampling rate. As already mentioned, sparse networks could alter the accuracy 

scores of the ‘Overlap Top 3’ measurement in a positive direction, because of too many tied 

ranks in the first three ranks of the sampled network. Thus, the probability of an overlap is 

higher, yielding a better accuracy score. 
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Centrality parameters 

Overall, the outgoing centrality parameters yielded better accuracy scores than ingoing 

centrality parameters. As mentioned above, there were greater differences between the top 

ranked pig and the other pigs regarding the outgoing centrality parameters. Thus, the ranking 

order was more stable at the same error level, providing higher accuracy scores. The weighted 

in- and out-degree only consider the direct neighbours of a node, therefore the probability to be 

affected by random edge removal is smaller compared to the weighted in- or outgoing closeness 

or the weighted betweenness centrality, which also consider the indirect neighbours of a node. 

Furthermore, the values and the variance of the weighted betweenness centrality, which focuses 

on shortest paths in a network, were very low in this study. The reason for this was that there 

were no nodes in the critical position of being on the shortest path between most other nodes. 

Instead, there were more cross connections between the nodes, providing more alternative paths 

and shortest paths between the nodes. The effect of removing a single edge on the ranking order 

based on the weighted betweenness centrality becomes greater the more the shortest paths rely 

on this edge. Thus, in a network with one central node, there are fewer edges which belong to 

a shortest path, and therefore, it is less likely to randomly remove an edge that has the potential 

to affect the ranking order. However, in a network with more cross connections between the 

nodes as in this study, there are more edges which belong to a shortest path, and therefore, it is 

more likely to randomly remove an edge with the potential to affect the ranking order. Thus, 

the weighted betweenness centrality is affected the most by random edge removal, leading to 

low accuracy scores. This corresponds to Zemljič and Hlebec (2005) in which it was stated that 

‘easier’ centrality parameters, i.e. parameters that only consider direct neighbours, yield more 

robust results.  
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CONCLUSION 

This study analysed the robustness of centrality parameters in tail-biting networks affected by 

random edge removal as well as missed events during real observations. The results based on 

the random edge removal show that higher accuracy was achieved by fewer missed events, 

more observations in total and greater differences between the nodes. Moreover, ‘local’ 

centrality parameters were more robust than ‘global’ centrality parameters. The analysis based 

on the real observations produced similar results. Since more observations yield higher 

accuracy, there will always be a trade-off between accuracy and workload, which has to be 

evaluated for each investigation and used centrality parameters. This study can function as a 

rough estimation of the potential accuracy. 
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ABSTRACT 

Tail-biting in pigs affects the health and welfare of the animals. Different indicators, such as 

the tail-posture, can be used to detect tail-biting at an early stage. The aim of this study was to 

investigate the effect of tail-directed behaviour, differentiating between tail-biting and tail-in-

mouth behaviour, on tail-lesions and tail-posture of 6 groups of 24 undocked piglets in identical 

pens using detailed behavioural observations of the four days (t-1 to t-4) before a tail-biting 

outbreak. Tail-lesions were scored twice a week. The tail-posture and the tail-directed 

behaviour were recorded using video observation. Generalised linear mixed models were used 

separately for tail-biting and tail-in-mouth behaviour to test the influence of the number of 

receiving (RT) or performing (PT) tail-directed behaviour on the multinomial tail-lesions (0: 

no tail-lesion, 1: superficial tail-lesion, 2: small or large tail-lesion) and to test the influence of 

RT and PT and the fixed effects of pen (1-6), day (t-1 to t-4), hour (10:00 h – 17:00 h), location 

(at the trough, not at the trough) and receiver (received tail-directed behaviour in the previous 

20 min, received no tail-directed behaviour in the previous 20 min) on the binary tail-posture 

(0: raised tail-posture, 1: lowered tail-posture). For the tail-biting behaviour dataset, the results 

showed that piglets with a higher RT had significantly more severe tail-lesions (p < 0.05). For 

the tail-in-mouth behaviour dataset, RT had a significant but reversed effect on tail-lesion (p < 

0.05). Tail-in-mouth behaviour had no significant influence on tail-posture. The probability of 

a lowered tail-posture was significantly higher for piglets that had been tail-bitten in the 

previous 20 min compared to piglets that had not been tail-bitten (p < 0.05). With an added time 

offset between the tail-biting behaviour observation and the tail-posture observation, the effect 

of being tail-bitten was still significant for the time offsets of 20 to 60 min and 100 min (p < 

0.05). The day and position in the pen had a significant effect on tail-posture as well (p < 0.05). 

Thus, tail-biting influenced the tail-posture and the lasting effect facilitates the use of the tail-

posture as an indicator for tail-biting. 

Keywords: pig; tail-biting; tail-posture; tail-lesion 
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INTRODUCTION 

Tail-biting in pigs is a behavioural disorder in modern pig husbandry that affects animal health, 

animal welfare and production costs (Sonoda et al., 2013). Three forms of tail-biting are 

discussed: two-stage tail-biting, sudden-forceful tail-biting and obsessive tail-biting (Taylor et 

al., 2010). The two-stage tail-biting can be classified into the pre-injury stage with manipulating 

and light chewing on the tail before any wounds are present. Schrøder-Petersen et al. (2010) 

described this tail-directed behaviour without a resulting tail-lesion as tail-in-mouth behaviour. 

The pre-injury stage may lead to the injury stage when a tail-wound eventually occurs and the 

tail starts bleeding. Then, the tail attracts more interest of the biting pig as well as of the other 

pigs in the pen and the tail-biting becomes more severe or escalates (Fraser, 1987). The sudden-

forceful tail-biting is described as a severe tail-biting or yanking, that generally does not involve 

a pre-injury phase with light manipulation (Taylor et al., 2010). The obsessive tail-biting is 

described as aggressive biting, that is focused only on the tails of the other pigs. Those pigs are 

often observed biting one tail after the other (van de Weerd et al., 2005). There are various risk 

factors for tail-biting, such as high stocking density, no or only low quality manipulable 

substrate, deficiencies in feed quality or accessibility, poor ventilation or poor health (Schrøder-

Petersen and Simonsen, 2001; EFSA, 2007; Taylor et al., 2010; D'Eath et al., 2014). The 

measure, that is mostly used by farmers against tail-biting, is tail-docking, which may reduce 

the frequency of tail-biting, but cannot prevent it completely, if the underlying causes are not 

resolved (EFSA, 2007; Nannoni et al., 2016). Tail-docking is a painful amputation of the distal 

part of the tail, usually without anaesthesia or analgesia (Nannoni et al., 2016), which causes 

acute pain and stress (Tallet et al., 2019), but also long-term effects are described as forming of 

a traumatic neuroma (Sandercock et al., 2016) or a sustained change in the peripheral 

mechanical sensitivity (Di Giminiani et al., 2017). Hence, tail-docking itself affects animal 

welfare (Nannoni et al., 2016) and should not be performed on a routine basis in countries 

belonging to the EU (EFSA, 2007).  

Thus, early indicators of tail-biting behaviour become more important to interrupt before severe 

tail-lesions occur. Statham et al. (2009) found an increase in the activity at pen level prior a tail-

biting outbreak, while others found changes in explorative behaviour (Ursinus et al., 2014), 

eating behaviour (Wallenbeck and Keeling, 2013) or tail-posture (Statham et al., 2009; 

Zonderland et al., 2009; Lahrmann et al., 2018; Larsen et al., 2018; Wedin et al., 2018). Tail-

posture is an indicator that can be feasibly checked during the daily routine under commercial 

circumstances (Lahrmann et al., 2018; Wallgren et al., 2019) and is influenced by tail-lesions 

(Zonderland et al., 2009), stress (Noonan et al., 1994) or the emotional state of the pig (Reimert 

et al., 2013). Pigs with a hanging tail-posture are reported to have a higher risk of tail-lesions 

on the same day (Zonderland et al., 2009; Larsen et al., 2018; Wallgren et al., 2019) or two to 

three days later (Zonderland et al., 2009). Additionally, pens with a tail-biting outbreak have 

more tucked tails compared to control pens seven days before the tail-biting outbreak (Wedin 

et al., 2018). 

As these studies showed the relation between tail-posture and tail-lesion, this study used 

detailed video observation on tail-directed behaviour to analyse the effect of performing and 

receiving both tail-biting and tail-in-mouth behaviour on tail-posture and tail-lesions. 
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MATERIAL AND METHODS 

Data basis 

Animals and housing 

The study took place on the agricultural research farm “Futterkamp” of the Chamber of 

Agriculture of Schleswig-Holstein in Germany from November 2016 until April 2017. After an 

average suckling period of 28 days, 144 crossbreed piglets (Pietrain x (Large White x 

Landrace)) were housed together in 6 pens grouped according to sex with 24 pigs per pen. The 

pigs were undocked and the males uncastrated. The pens were each the size of 2.75 m x 3.4 m 

in a compartment of the rearing area. The pens had a fully slatted plastic floor, nipple and bowl 

drinkers and a short trough with an animal to feeding place ratio of 4:1. The feeding was ad 

libitum dry feed. In the pens were a cotton rope and a plastic element on a metal chain hanging 

freely as occupation material, so the pigs could manipulate both from all sides. Furthermore, 

the pigs were given 50 g chopped straw in piglet bowls twice a day. The temperature was 

regulated from 29.0 °C at the beginning of the rearing period to 22.0 °C decreasing stepwise 

over time. The lying area of the pen was heated and covered for the first three weeks. The light 

was switched on at 06:00 h and switched off at 19:00 h. For 40 days, the pens were video 

recorded by one AXIS M3024-LVE Network Camera produced by Axis Communications per 

pen (For an example of the video quality, see Figure A1 in the Supplementary Material). To 

identify the pigs on the video footage, each pig was marked individually with a combination of 

lines and dots on the back using animal marker pens. 

Scoring and video analysis 

After weaning at 28 days, the tail-lesions of the piglets were scored twice a week according to 

the ‘German Pig Scoring Key’ (German designation: Deutscher Schweine Boniturschlüssel; 

Table 1) (Anonymus, 2016). When the first large tail-lesion had been documented (t0), the video 

footage of the previous 4 days (t-1 to t-4) was analysed for tail-posture and the tail-directed 

behaviour of the pigs (Figure 1). The tail-posture of all standing pigs was analysed using scan 

sampling every 20 min, covering the observation time from 10:00 h to 18:00 h resulting in 192 

hours of video observation. A lifted or curled tail was defined as a raised tail-posture and a 

hanging tail or a tail jammed between the hind legs was defined as a lowered tail-posture 

(Zonderland et al., 2009). Furthermore, the position of the pig within the pen was documented 

(Table 2).
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Table 1. Description of the tail-lesion scores according to the ‘German Pig Scoring Key’ 

(German designation: Deutscher Schweine Boniturschlüssel) (Anonymus, 2016). 

Tail-lesion score Description 

0 No visible tail-lesion 

1 Superficial tail-lesion: small spots or lines 

2 
Small tail-lesion: deep lesion, smaller than the diameter of 

the tail at that position 

3 
Large tail-lesion: deep lesion, larger than the diameter of the 

tail at that position 

 

 

 

Figure 1. Timeline of the observation period from day t0 (scoring day with the first large tail-

lesions) to the previous four days. The seven time windows included all tail-directed behaviour 

observations within the respective time window. The number of received tail-directed 

behaviour and the number of performed tail-directed behaviour per pig within these time 

windows were used in the tail-lesion (TL) model. 
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Table 2. Ethogram for behaviours (tail-posture and tail-directed behaviour) recorded on video 

(modified according to Zonderland et al. (2009) and Zonderland et al. (2011)). The position of 

the pig was recorded during the tail-posture observation. 

Behaviour Description 

Tail-posture on standing pigs  

     Lowered Pigs with a tail-hanging below spine level or tucked tail. 

     Raised Pigs with a  lifted above spine level or curled tail. 

Position in the pen  

     At the trough Pigs with the nose in the feeding trough or pigs less than 

one-pig-length away from the trough with the head 

oriented towards the feeder. 

     Not at the trough Pigs less than one-pig-length away from the trough with 

the head oriented away from the feeder or pigs more than 

one-pig-length away from the trough. 

Tail-directed behaviour  

     Tail-in-mouth behaviour Pigs manipulating, sucking or chewing on a pen mate’s tail 

without a defence reaction (such as head shaking, walking 

away, avoiding, biting back) of the receiving pig. 

     Tail-biting behaviour Pigs manipulating, sucking or chewing on a pen mate’s tail 

with a defence reaction (such as head shaking, walking 

away, avoiding, biting back) of the receiving pig. 

The tail-directed behaviour of all pigs was analysed using continuous event sampling, from 

08:00 h to 18:00 h resulting in 240 hours of video observation. Because of the fixed camera 

angle, the chewing movement of the biting pig could not be seen for every tail-directed 

behaviour on the video footage. Therefore, tail-directed behaviour was defined as manipulating, 

sucking or chewing on a pen mate’s tail (Zonderland et al., 2011). But to differentiate between 

tail-biting behaviour (chewing the tail) and tail-in-mouth behaviour (oral manipulation of the 

tail without chewing) (Schrøder-Petersen et al., 2010), tail-biting behaviour was defined as tail-

directed behaviour with a defence reaction of the receiving pig, whereas tail-in-mouth 

behaviour was defined as tail-directed behaviour without a defence reaction (Brunberg et al., 
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2011) (Table 2). The observations of these two behaviours were then separated into two 

different datasets. The video analysis of the tail-posture and the tail-directed behaviour were 

each carried out by one trained observer.  

Ethical information 

The authors declare that the experiments were carried out strictly following international animal 

welfare guidelines. Additionally, the "German Animal Welfare Act" (German designation: 

TierSchG), the "German Order for the Protection of Animals used for Experimental Purposes 

and other Scientific Purposes (German designation: TierSchVersV) 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: TierSchNutztV) were applied. No 

pain, suffering or injury was inflicted on the animals during the experiments. Additionally to 

the tail-lesion scoring twice a week, the pigs were monitored two to three times per day by the 

staff and sick or injured pigs were either treated in the pen or removed to hospital pens for 

treatment. If a tail-biting outbreak occurred, additional pen enrichment (ropes and jute sacks) 

was added to the pen. If the biting pig(s) could be identified, they were removed as well. 

Statistical analysis 

The statistical software package SAS 9.4 (SAS® Institute Inc., 2013) was used for statistical 

analysis. Generalised linear mixed models were applied for the analysis of binary and 

multinomial data using the GLIMMIX procedure. The Akaike’s information criteria corrected 

(AICC) (Hurvich and Tsai, 1989) and the Bayesian information criteria (BIC) (Schwarz, 1978) 

were used to compare the different models. Interactions between the fixed effects were also 

tested. Here, only significant interactions were included in the final models. All significance 

tests used a significance level of p < 0.05. Multiple comparisons were corrected with the 

Bonferroni-correction (Bonferroni, 1936). For an overview of all used models, see Table A1 

and A2 in the Supplementary Material. 

Tail-lesion and tail-directed behaviour (TL model) 

The TL model tested whether the tail-lesion had been influenced by performing or receiving 

tail-directed behaviour. All of the following was done for both datasets of tail-biting and tail-

in-mouth behaviour separately. Because there was no information on when the tail-lesions 

occurred during the observation period, the number of performed or received tail-directed 

behaviour of each pig was summed up within different time windows (Figure 1). Each 

observation day (t-4, t-3, t-2, t-1) formed a separate time window and was additionally used in a 

combination of stepwise backwards accumulated days. The time window t-1,-2 contained the 

observation days t-1 and t-2, the time window t-1,-2,-3 contained the observation days t-1, t-2 and t-

3 and the last time window t-1,-2,-3,-4 contained all four observation days. The seven time windows 

were tested in seven different models. All models included the multinomial tail-lesion (link 

function: cumulative logit) of scoring day t0 as the response variable. Due to the low prevalence 

of the tail-lesion score 3, tail-lesion scores 2 and 3 were pooled (Figure 2) (tail-lesion score 0: 

no tail-lesion, tail-lesion score 1: superficial tail-lesion, tail-lesion score 2: small or large tail-

lesion). The number of performed tail-directed behaviour (PT) and the number of received tail-
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directed behaviour (RT) of each pig were then added to the models as covariates and the pen 

(1, 2, 3, 4, 6) was included as a fixed effect. Since there was only one observation per pig, no 

random effect was added to the models. Pen 5 had to be removed from the datasets, because on 

t-1 37.5 % of the pigs were taken out of the pen for medical treatment after a severe tail-biting 

outbreak. Therefore, the tail-lesion scores of those pigs are missing on t0 and most remaining 

pigs had a tail-lesion score of 3, leading to low variance of the response variable in this pen 

(Figure 2). Besides, one pig in pen 6 was removed before the observation period due to 

lameness. Thus, from 144 pigs, only the information of 119 remained in the datasets. To 

compare the course of the covariates between the different models, the values were standardised 

by subtracting the LS-Mean and then dividing by the standard error. 

 

Figure 2. Percentage of animals with tail-lesions (TL) per pen (1-6) on day t-4 and day t0. (day 

t0: i.e. scoring day with the first large tail-lesion; day t-4: 4 days before day t0). 
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Tail-posture and tail-directed behaviour (TP basic model) 

The TP basic model tested whether the tail-posture had been influenced by tail-directed 

behaviour in the 20 min preceding the scan sampling. The two datasets, tail-biting and tail-in-

mouth behaviour, were tested separately. The binary observations of the tail-posture (tail-

posture 0: raised tail; tail-posture 1: lowered tail; link function: logit) was used as the response 

variable with the fixed effects pen (1-6), day (t-4 – t-1), hour (10:00 h – 17:00 h), position (at the 

trough, not at the trough), receiver (was receiving, was not receiving tail-directed behaviour in 

the preceding 20 min) and the interactions between pen and day, day and hour as well as pen 

and hour. The pig nested in the pen was used as a random effect. Pen 5 remained in the dataset 

of TP basic model, because no missing values were present in the datasets until the animals had 

been removed for medical treatment. The final datasets included 4,269 observations. The 

interactions between day and hour and between pen and hour were not significant for both 

datasets and were removed. Thus, the final models of the tail-biting and tail-in-mouth behaviour 

datasets both included the tail-posture as the response variable, the fixed effects pen, day, hour, 

position, receiver and the interaction between pen and day and the pig nested in the pen as a 

random effect.  

Tail-posture and tail-directed behaviour with time offset (TP time offset model) 

The TP time offset model used the TP basic model as a basis but also tested whether the tail-

posture was influenced by the number of performed or received tail-directed behaviour and for 

how long the effects lasted. Therefore, in addition to the TP basic model, the number of 

performed tail-directed behaviour (PT) and the number of received tail-directed behaviour (RT) 

of each pig was summed up within the 20 min preceding the tail-posture observation and were 

added to the model as covariates. In this TP time offset model, the datasets of tail-biting and 

tail-in-mouth behaviour were tested in separate models as well. To test how long the effect of 

the covariates lasted, different time offsets were set between the tail-directed behaviour 

observation and the tail-posture observation from 0 min to 120 min in steps of 20 min. Each 

step was tested in a new model, separately for tail-biting and tail-in-mouth behaviour. The 

allocation of the tail-directed behaviour observation to the corresponding tail-posture 

observation can be seen in Figure 3.  
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Figure 3. Example of the allocation of the covariates RT (received tail-directed behaviour) and 

PT (performed tail-directed behaviour) of the time window 10:00 h - 10:20 h to recently 

received tail-directed behaviour (TB) and the tail-posture observations (TP). Without a time 

offset (a) between RT or PT and TP or with a time offset of 20 min (b) or 120 min (c) between 

RT or PT and TP. TB was always allocated to the following TP. For all used time offsets see 

Figure A2 in the Supplementary Material. 

  

a) 

b) 

c) 



 

63 

 

RESULTS 

Tail-biting occurred in all 6 pens. On the day after weaning, 77.1 ± 19.1 % (Mean ± standard 

deviation) of the pigs had no tail-lesions. The detailed numbers of animals with tail-lesions per 

pen on day t-4 and day t0 can be seen in Figure 2. On day t-4 before the observation period started, 

41.3 ± 21.7 % of the pigs had no tail-lesions. The first large tail-lesions were found (t0) after 

22.3 ± 3.6 days. At this time, 31.2 ± 10.5 % of the pigs had no tail-lesions and 27.0 ± 30.1 % 

of the pigs had large tail-lesions. Most of the large lesions occurred in pen 5, where also a third 

of the animals had had to be removed for medical treatment before t0. Without pen 5, 15.1 ± 

8.1 % of the pigs had large tail-lesions. Only one pig lost the outer part of the tail until day t0. 

During the observation period, 29.9 ± 4.7 % of the pigs stood with a tail-posture visible in the 

camera angle during each scan sampling, resulting in 4,269 tail-posture observations of which 

44.4 ± 2.4 % were classified as raised while 55.6 ± 2.4 % were classified as lowered. Of all tail-

posture observations, 48.5 ± 2.7 % were located at the trough. Of all 8,311 tail-directed 

behaviour observations, 56.0 ± 8.6 % were followed by a defence reaction of the receiving pig, 

while 44.0 ± 8.6 % of the tail-directed behaviour observations were without a defence reaction. 

In the dataset of the tail-biting behaviour, 20.0 ± 3.5 % of the pigs were tail-bitten in the 20 min 

preceding the tail-posture observation. In the dataset of the tail-in-mouth behaviour, only 17.9 

± 4.7 % of the pigs received tail-in-mouth behaviour in the 20 min preceding the tail-posture 

observation. The mean and standard deviation of received and performed tail-directed 

behaviour per pig during the different time windows used in the TL model and the TP time 

offset model can be seen in Table 3.  
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Table 3. Mean ± standard deviation of the covariates RT (number of received tail-directed 

behaviour) and PT (number of performed tail-directed behaviour) used in the tail-lesion (TL) 

model and the tail-posture (TP) model regarding the datasets tail-biting behaviour and tail-in-

mouth behaviour. The used time windows were either 20 min intervals, the observation days t-

1 to t-4 (t-X: 1 - 4 days before day t0, i.e. scoring day with the first large tail-lesion) or a 

combination of days. 

 Tail-biting behaviour  Tail-in-mouth behaviour 

Time window RT PT  RT PT 

20 min 0.21 ± 0.66 0.21 ± 0.93  0.16 ± 0.50 0.16 ± 0.55 

Day t-1 13.4 ± 11.2 13.4 ± 20.2  7.2 ± 5.9 7.2 ± 6.3 

Day t-2 12.4 ± 14.3 12.4 ± 20.7  10.4 ± 8.6 10.4 ± 9.5 

Day t-3 10.5 ± 9.4 10.5 ± 15.3  10.2 ± 7.4 10.2 ± 7.9 

Day t-4 4.7 ± 4.2 4.7 ± 5.7  4.5 ± 3.0 4.5 ± 3.3 

Days t-1,-2 25.5 ± 21.6 25.5 ± 35.8  17.4 ± 11.5 17.4 ± 12.8 

Days t-1,-2,-3 36.0 ± 29.2 36.0 ± 46.8  27.5 ± 16.9 27.5 ± 18.6 

Days t-1,-2,-3,-4 40.7 ± 31.3 40.7 ± 50.0  32.1 ± 18.4 32.1 ± 20.6 

Tail-lesion and tail-directed behaviour (TL model) 

In this step, the datasets of tail-biting and tail-in-mouth behaviour were tested in seven models 

each with a different time window. The fixed effect of the pen and the covariate PT were 

insignificant for all the combinations. The results of the covariate RT of each TL model are 

shown in Figure 4 and 5. Since the number of received tail-directed behaviour was different for 

each time window, all values of the covariate RT were standardised for better visual 

comparability. Therefore, the LS-Mean of RT was subtracted from each value and then divided 

by the standard error. Thus, all LS-Mean of the different curves are located at x = 0 in the figure. 

The y-axis remained unchanged. For the tail-biting behaviour dataset, the cumulative 

probability of a tail-lesion significantly increased with increasing RT for all used time windows 

except t-4. The curve progressions of all significant time windows are quite similar, only the 

increase of t-3 is less steep. For the tail-in-mouth behaviour dataset, the cumulative probability 
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of a tail-lesion significantly decreased with increasing RT for all time windows except t-4 and 

t-3. Here, all significant curves show a similar progression.
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Figure 4. Estimated cumulative probabilities of a) small or large tail-lesions (TL) and b) any tail-lesion in accordance to the standardized number of 

received tail-biting behaviour and used time window (t-X: 1 - 4 days before day t0, i.e. scoring day with the first large tail-lesion, or a combination of 

days). The number of received tail-biting behaviour was standardised by subtracting the LS-Mean and then dividing by the standard error. The 

covariates were significant except for the time window t-4 (p < 0.05).
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Figure 5. Estimated cumulative probabilities of a) small or large tail-lesions (TL) and b) any tail-lesion in accordance to the standardized number of 

received tail-in-mouth behaviour and used time window (t-X: 1 - 4 days before day t0, i.e. scoring day with the first large tail-lesion, or a combination 

of days). The number of received tail-in-mouth behaviour was standardised by subtracting the LS-Mean and then dividing by the standard error. The 

covariates were significant except for the time windows t-3 and t-4 (p < 0.05).
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Tail-posture and tail-directed behaviour (TP basic model) 

Except for the fixed effect receiver, the results of the tail-biting behaviour dataset and the tail-

in-mouth behaviour dataset were similar. The effect receiver was only significant for the tail-

biting behaviour dataset. Due to this similarity, only the results of the tail-biting behaviour 

dataset are illustrated in the following. The probability of a lowered tail-posture was 

significantly influenced by the interaction between pen and day. In pens 1, 2 and 6 the 

probability of a lowered tail-posture increased significantly from t-4 to t-1. Additionally in pen 

5, the probability of a lowered tail-posture on t-1 was significantly higher compared to t-4, t-3 

and t-2 (Figure 6). For the fixed effect hour, comparisons were only tested between adjacent 

hours. The probability of a lowered tail-posture was significantly higher at 14:00 h (68.2 ± 3.2 

%, LS-Mean ± standard error) compared to 13:00 h (57.2 ± 4.0 %). The pigs at the trough had 

a higher probability of a lowered tail-posture compared to pigs located in the rest of the pen (at 

the trough: 74.7 ± 2.4 % vs. not at the trough: 51.4 ± 3.0 %). Pigs that had been tail-bitten in 

the 20 min preceding the tail-posture observation had a significant higher probability of a 

lowered tail-posture (tail-bitten: 71.08 ± 2.88 % vs. not tail-bitten: 56.02 ± 2.79 %). 



 

69 

 

 
Figure 6. Estimated probability of a lowered tail-posture in accordance to the interaction 

between pen and day (t-1 – t-4 days before day t0, i.e. scoring day with the first large tail-lesion). 

There were significant differences within a pen between day t-1 and day t-4 in pen 1, 2 and 6 (p 

< 0.05). In pen 5, there were significant differences between day t-1 and day t-4 (p < 0.05). 

Tail-posture and tail-directed behaviour with time offset (TP time offset model) 

For the tail-in-mouth behaviour dataset, the covariates PT and RT were insignificant for all used 

time offsets. All the other effects were similar to the TP basic model. For the tail-biting 

behaviour dataset, the covariate PT was insignificant for all used time offsets. The fixed effect 

receiver was significant for all used time offsets except time offset of 0 min and this effect was 

equivalent to the TP basic model. The covariate RT was significant for the time offsets of 0 to 

60 min and the time offset of 100 min. There, the probability of a lowered tail-posture increased 

significantly with increasing RT. All other effects were similar to the TP basic model for all 

used time offsets. In Figure 7, the effects of RT are displayed regarding the different models of 

the tail-biting behaviour dataset. The curve progressions are similar for the different 
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combinations of fixed effects, only shifted left or right depending on their effect. As an example, 

the effects are displayed for a pig in pen 4 on t-1 at 10:00 h that was at the trough and was tail-

bitten in the previous 20 min in accordance to the covariate RT. 

 

Figure 7. Estimated probability of a lowered tail-posture in accordance to the number of 

received tail-biting behaviour and a time offset of 0 min to 120 min. Displayed is pen 4 on day 

t-1 (1 day before day t0, i.e. scoring day with the first large tail-lesion) at 10:00 h for a pig located 

at the trough that was tail-bitten in the previous 20 min. The covariates were significant except 

for the time offsets of 80 min and 120 min (p < 0.05). 
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DISCUSSION 

This study investigated the effect of received and performed tail-directed behaviour derived 

from detailed video observations on the tail-lesions and tail-postures of weaned pigs and the 

potential role of the tail-posture as an indicator of tail-biting.  

Tail-lesion and tail-directed behaviour (TL Model) 

The tail-directed behaviour events were summed up within seven different time windows, i.e. 

each observation day separately (t-4, t-3, t-2, t-1) and the observation days accumulated backwards 

(t-1,-2, t-1,-2,-3, t-1,-2,-3,-4). This was carried out because there was no information on when the tail-

directed behaviour event, which caused the tail-lesion scored at day t0, occurred during the 

observation period. Since a tail-lesion may develop as a result of multiple tail-directed 

behaviour events, the time windows containing only one observation day had the disadvantage, 

that they neglect the tail-directed behaviour events of the following days except for day t-1, 

since it is the nearest to the scoring on day t0. The time windows containing the backwards 

accumulated observation days on the other hand created more or less continuous time windows. 

They were only interrupted by the nights that had not been analysed for tail-directed behaviour, 

because the individual marks were not visible in the infrared light of the camera. Therefore, the 

tail-directed behaviour events were summed up without missing observed tail-directed 

behaviour events between the end of the time window and the scoring of the tail-lesion. For the 

datasets tail-biting behaviour and tail-in-mouth behaviour, the seven time windows were then 

used in separate models. For the tail-biting behaviour dataset, the results showed that the 

probability of a tail-lesion of a pig increased with increasing number of received tail-biting 

behaviour events for all time windows except t-4. While the increase in probability of a tail-

lesion was not surprising, it shows, that the tail-biting behaviour on day t-4 was not significantly 

related to the tail-lesions on day t0. Additionally, the increase in probability of a tail-lesion for 

the time window t-3 is less steep compared to the other time windows. Thus, the majority of 

tail-biting behaviour events related to the tail-lesions on t0 probably occurred on day t-2 and t-1. 

Performing tail-biting behaviour did not affect the tail-lesion of the pigs. This could have been 

different, if there were only a few pigs performing all of the tail-biting behaviour and therefore 

received less tail-biting behaviour themselves. But in this study, there was high tail-biting 

activity in the pens during the observation period and there was no pig, that did not perform or 

receive any tail-biting behaviour at some point during the observation period. Therefore, also 

the performing pigs suffered tail-lesions and the effect of performing tail-biting behaviour was 

not significant. 

We differentiated between tail-biting behaviour and tail-in-mouth behaviour by the reaction of 

the receiving pig, because the intensity of the biting could not be seen on the video footage in 

most cases, only the contact between the pigs (Figure A1 in the Supplementary Material). If the 

receiving pig did not show a defence reaction, the observation was categorized as tail-in-mouth 

behaviour of the pre-injury stage (Schrøder-Petersen et al., 2010). Still, a defence reaction is 

affected by the force of the biting and by the sensitivity of the receiving pig (Brunberg et al., 

2011) and does not necessarily entail that the skin of the tail was actually pierced and the 

absence of a defence reaction does not entail an uninjured tail respectively. In some cases, the 

receiving pig even stops showing a defence reaction, despite having a severe tail-lesion 
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(Sambraus, 1985). The results of the tail-in-mouth behaviour dataset, i.e. events without a 

defence reaction, showed a significant relation to the tail-lesions, except for the time windows 

t-4 and t-3, but the effect was reverse compared to the tail-biting behaviour dataset. Here, the 

increase in the number of received tail-in-mouth behaviour reduced the probability of a tail-

lesion. Thus, the majority of tail-directed behaviour events without a defence reaction did not 

cause a tail-lesion in this study. One possible explanation of the reverse effect on the tail-lesion 

could be, that, while not causing an injury, tail-in-mouth behaviour occupies the tail of the 

receiving pig, which therefore cannot be tail-bitten at the same time.  

Tail-posture and tail-directed behaviour (TP basic model) 

The overall proportion of pigs with a lowered tail-posture in this study with 55 % was 

comparable to the findings of Kleinbeck and McGlone (1993). Here, 56 % of the animals 

showed a lowered tail-posture. But compared to studies with direct observations, such as 

Zonderland et al. (2009) (25 % lowered tail-posture), this proportion was high. With video 

observations, disturbances can be reduced in the pens during tail-scoring. Zonderland et al. 

(2009) compared direct tail-scoring by the same observer with the situation described by 

Kleinbeck and McGlone (1993), where the touch of a familiar person was related to a raised 

tail-posture. On the other hand, Larsen et al. (2018) stated that the pigs surround the observer 

during scoring and that thereby the pigs in the first row may jam their tails to protect them 

against the pigs behind them in the second row, irrespective of tail-lesions or whether they have 

been bitten before. Thus, the results found in this study may provide results not influenced by 

any observer effects. But video observations provide other problems such as a fixed camera 

angle or no opportunity to enter the pen to check something in detail. Therefore, some tail-

posture observations are missing because the tail-posture of the pig was not visible. Yet, the 

studies mentioned found a relation between tail-posture and tail-lesion on the same day 

(Zonderland et al., 2009; Larsen et al., 2018; Wallgren et al., 2019) or could predict tail-lesions 

by the tail-posture observed two to three days before (Zonderland et al., 2009), which shows 

the practicability of direct observations that can be implemented in the daily routine by the 

farmer. Another influencing factor leading to the high proportion of lowered tail-posture 

observations could be our definition of t0, i.e. the tail-biting outbreak, because there had been 

several pigs observed with small tail-lesions or scratches (superficial tail-lesion: 26.6 %, small 

tail-lesion: 32.1 %) before t0. It is possible that those lesions had an effect on the results of the 

tail-posture in the present study. But to analyse the effect of small or superficial lesions, the 

observation period has to be extended or the definition of t0 has to be changed to an earlier time. 

Effect of interaction between pen and day (TP basic model) 

In four of six pens, the probability of a lowered tail-posture increased from t-4 to t-1. In pens 1 

and 2 the number of pigs with a tail-lesion doubled from the beginning to the end of our 

observation period or in case of pen 5, the tail-lesion level of all pigs worsened to 86 % of the 

pigs with a tail-lesion score of 3 in this time. In pen 6, the number of pigs without tail-lesions 

did not change, but the tail-lesion level of the injured animals worsened as well (Figure 2). 

Thus, the increasing number and level of tail-lesions may have caused the increasing number 

of observations with a lowered tail-posture in those pens. Lahrmann et al. (2018) also found an 

increase in the number of pigs with a lowered tail-posture from t-2 to t-1 before the tail-biting 
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outbreak. In the study of Larsen et al. (2018), there were more pigs with a lowered tail-posture 

in case pens (pens with a tail-biting outbreak, i.e. at least one pig with a bleeding tail) in the 

three days before the tail-biting outbreak compared to control pens (pens at the same time 

without a tail-biting outbreak). However, during these three days, there was no increase in the 

number of pigs with a lowered tail-posture in the case pens. Larsen et al. (2018) stated that 

because of the more severe definition of t0 (Lahrmann et al. (2018): ≥ 4 pigs with a visible tail-

lesion, similar to tail-lesion score 2 in this study), there was a greater potential to increase the 

number of tail-lesions prior to t0 and thus to increase the probability of a lowered tail-posture. 

But to detect changes before any tail-damage occurs, the observed time interval has to be 

extended. Wedin et al. (2018) observed the tail-posture up to seven days before a tail-biting 

outbreak and found, that there were more lowered tail-postures seven days before the tail-biting 

outbreak in case pens compared to control pens, but there was still no increase in lowered tail-

postures over the days. Using an automation of video analysis to detect lowered tail-postures, 

D'Eath et al. (2018) reported an increase in lowered tail-postures from week -2 to week -1 before 

a tail-biting outbreak. 

Effect of hour (TP basic model) 

The effect of hour on the tail-posture was significant, but the curve progression did not show a 

clear trend. Since only the comparison of 13:00 h to 14:00 h proved to be significant, this could 

still be within a random distribution. But, the time had to be considered in the model as a control 

variable. 

Effect of position in the pen (TP basic model) 

Pigs observed at the trough had a greater probability of a lowered tail-posture compared to pigs 

observed in the rest of the pen. This is contrary to Wallgren et al. (2019), where the majority of 

pigs at the trough had a raised tail-posture. There, the pens had an animal to feeding place ratio 

of 1:1 compared to our study with an animal to feeding place ratio of 1:4. Because pigs tend to 

have a synchronised routine (Docking et al., 2008), the animal to feeding place ratio turned the 

trough and thus the feed into a limited resource. Hansen et al. (1982) found that in pens with 

only one feeding place for all pigs the frequency of aggressive behaviour and tail-biting was 

higher than in pens with several feeding places. In the video analysis, fighting for a feeding 

place was observed on a regular basis and often involved tail-biting leading to disturbances at 

the trough. Thus, pigs may react with a lowered tail-posture either to protect their tails against 

tail-biting (McGlone et al., 1990) or as an expression of their emotional state (Reimert et al., 

2013). In the study of Wallgren et al. (2019), all pigs at the trough were in a row with no pig 

behind them. Therefore, there was no need for them to jam their tails between their hind legs to 

protect them against tail-biting. 

Effect of receiver (TP basic model) 

In the tail-in-mouth behaviour model, the variable receiver had no significant effect on the 

probability of a lowered tail-posture. As Schrøder-Petersen and Simonsen (2001) stated, tail-

in-mouth behaviour is part of the pre-injury state and does not cause any tail-lesions and is 

mostly tolerated by the receiving pig. In this assumption, tail-directed behaviour without a 
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defence reaction of the receiving pig was defined as tail-in-mouth behaviour. Since a defence 

reaction depends on the sensitivity of the receiving pig (Brunberg et al., 2011), it is possible 

that a tail-lesion was caused by tail-directed behaviour without a defence reaction. But the 

majority of the tail-in-mouth behaviour observations did not cause any stress or pain, which is 

confirmed by the results that tail-in-mouth behaviour did not affect the tail-posture of the 

receiving pig. On the other hand, in the tail-biting behaviour dataset, pigs that were tail-bitten 

in the 20 min preceding the tail-posture observation had a higher probability of a lowered tail-

posture compared to pigs that were not tail-bitten in the 20 min before. Here, the tail-directed 

behaviour caused a tail-lesion, leading to stress and pain, which affected the tail-posture of the 

pigs. McGlone et al. (1990) attributes this to avoidance behaviour, because a pig tries to protect 

its tail from further tail-biting by tucking it between the hind legs. Furthermore, stress and pain 

can induce a negative emotional state, which is linked to a lowered tail-posture (Reimert et al., 

2013). 

Tail-posture and tail-directed behaviour with time offset (TP time offset model) 

Independent of the time offset between the covariates RT and PT and the tail-posture 

observation, none of the covariates was significant in the TP time offset models for the tail-in-

mouth behaviour dataset. Thus, similar to the TP basic model, the tail-in-mouth behaviour did 

not influence tail-posture. Otherwise, in the models based on tail-biting behaviour, the covariate 

RT was significant for the time offsets 0 min, 20 min, 40 min, 60 min and 100 min. For the 0 

min time offset, the fixed effect receiver was not significant. Since there was no added time 

offset in this model, the fixed effect receiver describes the same information as the covariate 

RT in a binary form and was therefore redundant. The covariate RT had the same effect on the 

tail-posture as the fixed effect receiver for the mentioned time offsets. An added time offset of, 

for example, 20 min meant, that the tail-directed behaviour in the time of 20 min to 40 min 

before the tail-posture observation was summed up. Thus, the results showed, that receiving 

tail-biting behaviour in the time periods of 20 min to 40 min, 40 min to 60 min, 60 min to 80 

min and 100 min to 120 min before the tail-posture observation (RT) had a significant effect 

additionally to the tail-biting behaviour in the 20 min before the tail-posture observation 

(receiver). Receiving tail-biting behaviour causes pain and stress and pigs try to avoid it by 

tucking their tail between the hind legs (McGlone et al., 1990). The results demonstrated, that 

this effect may last for up to two hours. Since the majority of tail-in-mouth behaviour did not 

cause tail-lesions in this study, it did not influence the tail-posture of the pigs. The number of 

performed tail-biting events did not significantly affect the tail-posture, either. But if pigs, that 

performed more tail-biting behaviour, received less tail-biting behaviour themselves, they 

might experience less pain and stress. Or if performing tail-biting behaviour had helped the pigs 

to compensate the need for exploration, it might cause a positive emotional state in the pig 

(Reimert et al., 2013). These are both linked to a raised tail-posture. But, in this study, there 

was no significant effect of the number of performed tail-biting behaviour on the tail-posture. 

Similar to the TL model, this could be because of the high tail-biting activity. Therefore, the 

effect of performing tail-biting behaviour was maybe covered by the effect of receiving tail-

biting behaviour. 



 

75 

 

While tail-biting behaviour itself can be triggered by stress (Schrøder-Petersen and Simonsen, 

2001), different kinds of stress are known to influence tail-posture (Kleinbeck and McGlone, 

1993; Noonan et al., 1994). Thus, changes in tail-posture may appear earlier than visible tail-

lesions but are also less precise (Larsen et al., 2016). Hence, it is possible to notice the effect of 

tail-biting behaviour in the pen, even if the tail-posture is not checked immediately after the 

tail-biting behaviour event and even if the caused tail-lesion is not considerable enough to be 

noticed from outside the pen. This facilitates tail-posture monitoring on farms where it is often 

only possible to check tail-posture once a day. Wallgren et al. (2019) did this in their study and 

found a relation between tail-posture and tail-lesion. Not every lowered tail-posture has to be 

linked to tail-biting behaviour, but if the number of pigs with a lowered tail-posture per pen is 

checked on a daily basis, an increase can easily be detected and implies the need to check this 

pen in detail for tail-biting behaviour or other stressors that can be otherwise missed. Therefore, 

tail-posture appears to be a promising indicator of different stressors at an early stage and a 

feasible indicator of tail-biting behaviour, although further research is needed to completely 

understand all influences on tail-posture.  
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CONCLUSION 

The probability of a tail-lesion and a lowered tail-posture increased with a higher number of 

received tail-biting behaviour. There, the effect on the tail-posture lasted for at least 80 min. 

The number of received tail-in-mouth behaviour did not affect the probability of a lowered tail-

posture, but the probability of a tail-lesion decreased with a higher number of received tail-in-

mouth behaviour. The number of performed tail-biting or tail-in-mouth behaviour did not affect 

the probability of a tail-lesion or a lowered tail-posture. Because of the long lasting effect of 

tail-biting behaviour on the tail-posture, it is a promising and feasible indicator of tail-biting 

behaviour if checked regularly, although it is affected by other factors as well. In future analysis, 

the observation period could be extended or set to an earlier time to study the behavioural 

changes over time in more detail. 
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SUPPLEMENTARY MATERIAL 

 

a) 

 

b) 

  

 

Figure A1. a) A frame of the analysed video footage and b) two enlarged frames of a pig biting 

the tail of another pig.  
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Table A1. Statistic models of the parameter tail-lesion (TL). All models were tested for the two datasets of tail-biting behaviour (TB) and tail-in-

mouth behaviour (TIM). TL model used four different time windows for the aggregation of the tail-directed behaviour. The following parameters 

were tested in the final models: the fixed effects pen (1 - 6) and the covariates RT (number of received tail-directed behaviour) and PT (number of 

performed tail-directed behaviour). 

       Fixed effects* Covariates* 

 Data set TW Data pen RT PT 

TL model TB Day t-1 multinomial      

  Day t-2 multinomial    

  Day t-3 multinomial    

  Day t-4 multinomial    

  Day t-1,-2 multinomial    

  Day t-1,-2,-3 multinomial    

  Day t-1,-2,-3,-4 multinomial    

 TIM Day t-1 multinomial    

  Day t-2 multinomial    

  Day t-3 multinomial    

  Day t-4 multinomial    

  Day t-1,-2 multinomial    

  Day t-1,-2,-3 multinomial    

  Day t-1,-2,-3,-4 multinomial    

* the tick () marks significant effects (p < 0.05) 
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Table A2. Statistic models of the parameter tail-posture (TP). All models were tested for the two datasets of tail-biting behaviour (TB) and tail-in-

mouth behaviour (TIM). TP time offset model used 60 min time windows for the tail-directed behaviour aggregation with a time offset (TO) of 0 – 

120 min (Figure A2) between the tail-directed behaviour observation and the tail-posture observation. The following parameters were tested in the 

final models: the fixed effects pen (1 - 6), day (t-4 - t-1), hour (10:00 h - 17:00 h), position in the pen during the tail-posture observation (position) (at 

the trough, not at the trough) and receiver (was receiving, was not receiving tail-directed behaviour in the preceding 20 min), the interaction between 

pen and day, the covariates RT (number of received tail-directed behaviour) and PT (number of performed tail-directed behaviour) and the random 

effect of the pig nested in the pen. 

         Fixed effects* Interaction* Covariates* Random effect* 

  Data set TW TO Data pen day hour position receiver pen x day RT PT pig (pen) 

TP basic model TB   binary          

  TIM    binary             

TP time offset model TB 60 min 0 min binary          

  60 min 20 min binary          

  60 min 40 min binary          

  60 min 60 min binary          

  60 min 80 min binary          

  60 min 100 min binary          

  60 min 120 min binary          

 TIM 60 min 0 min binary          

  60 min 20 min binary          

  60 min 40 min binary          

  60 min 60 min binary          

  60 min 80 min binary          

  60 min 100 min binary          

    60 min 120 min binary             

* the tick () marks significant effects (p < 0.05) 
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Figure A2. Example of the allocation of the parameters RT (number of received tail-directed 

behaviour) and PT (performed tail-directed behaviour) of the time window 10:00 h - 10:20 h to 

recently received tail-directed behaviour (TB) and the tail-posture observations (TP). a) 

Without a time offset between RT or PT and TP or b-g) with a time offset (20 min - 120 min) 

between RT or PT and TP. TB was always allocated to the following TP. 

  

a) 

b) 

c) 

d) 

e) 

f) 

g) 
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ABSTRACT 

Tail-biting in pigs compromises animal health and animal welfare, thus, early indicators of an 

outbreak must be discovered before severe tail-lesions occur. Tail-posture is one of these 

promising indicators. The individual animal’s behaviour is affected by the group structure, 

which can be investigated using social networks. Therefore, this study analysed the effect of 

the group structure of tail-biting pigs on tail-posture using pig-level social network parameters. 

Detailed behavioural observations of 6 pens with 24 undocked pigs per pen four days before a 

tail-biting outbreak were the data basis. The effect of ingoing network parameters (weighted in-

degree, weighted ingoing closeness) on binary tail-posture (0: raised, 1: lowered) was tested as 

covariates in generalised linear mixed models. The pen (1-6), day (t-1 to t-4), hour (10:00 h – 

17:00 h), location (at the trough, not at the trough) and receiver (received tail-directed behaviour 

in the previous 20 min, received no tail-directed behaviour in the previous 20 min) were used 

as fixed effects. Additional to the fixed effect receiver (p < 0.05), the probability of a lowered 

tail-posture increased with higher values of weighted in-degree (p < 0.05) if less than 40 min 

passed between the tail-biting and the tail-posture observation. If the tail-biting event was 40 to 

120 min before the tail-posture observation, the probability of a lowered tail-posture increased 

with higher values of weighted ingoing closeness (p < 0.05). Furthermore, the location in the 

pen (p < 0.05) and the interaction between pen and day (p < 0.05) affected the tail-posture 

significantly. Thus, the group structure of tail-biting pigs has a prolonged influence on tail-

posture. For this reason, the tail-posture is a practicable indicator of tail-biting if monitored 

regularly. 

 

Keywords: agonistic behavior; indicator, piglets; social network analysis; welfare
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INTRODUCTION 

The behavioural disorder tail-biting in pigs is a cause of reduced animal health and welfare 

(Sonoda et al., 2013). Because there are many different risk factors which may lead to a tail-

biting outbreak (Taylor et al., 2010; D'Eath et al., 2014), it is not possible to prevent tail-biting 

entirely. Therefore, it is a crucial role of the management to detect emerging tail-biting out-

breaks and to take measures at an early stage. Several behaviours have been investigated for 

changes before a tail-biting outbreak to be used as early indicators, for example explorative 

behaviour (Ursinus et al., 2014), eating behaviour (Wallenbeck and Keeling, 2013) or tail-pos-

ture (Lahrmann et al., 2018; Larsen et al., 2018; Wedin et al., 2018). Monitoring tail-posture 

during the daily routine could facilitate the detection of tail-biting, when tail-lesions are not 

visible from outside the pen (Wallgren et al., 2019), as tail-posture is affected by tail-lesions 

(Zonderland et al., 2009), stress (Noonan et al., 1994) or emotional state (Reimert et al., 2013). 

A previous study of Wilder et al. (2020) found a significant effect of receiving tail-biting be-

haviour on the tail-posture which lasted for up to at least 80 min. 

For social animals, like pigs, individual behaviour is affected by the other animals in the group 

and the social structure they live (Makagon et al., 2012). Therefore, it is important to analyse 

the group structure as well as the individual’s position within this structure when studying ani-

mal behaviour. Social network analysis is one possible way to do this (Krause et al., 2007), as 

it provides standardised parameters at group level to describe the social structure, but also at 

individual level to describe the position of each animal in the group (Wasserman and Faust, 

1994; Newman, 2010).  

To include the analysis of group structure, this study used the data basis of Wilder et al. (2020) 

to build tail-biting networks in the four days before a tail-biting outbreak. Pig-level network 

parameters were used to test the hypothesis whether there are additional effects, such as the 

group structure, on tail-posture besides the number of incidents of received tail-biting. 
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MATERIAL AND METHODS 

Data basis 

The video footage for the behavioural observation was recorded on an agricultural research 

farm in northern Germany from November 2016 until April 2017. In six conventional pens, 

there were 24 undocked and uncastrated crossbreed pigs (Pietrain x (Large White x Landrace)) 

per pen housed together, after a mean suckling period of 28 days and kept for 40 days. The pens 

had a fully slatted floor and a size of 2.75 m x 3.4 m (0.39 m² / pig). In the pens were two nipple 

and two bowl drinkers. Ad libitum dry complete feed was given in troughs with an animal to 

feeding place ratio of 4:1. For pen enrichment, a rope and a plastic element on a chain were 

installed in the pen and 50 g chopped straw were given twice a day. Temperature was adjusted 

to 29 °C at the day of weaning and was stepwise lowered to 22 °C over the time. In addition to 

this, the lying area was covered and heated in the first three weeks. The pigs started with a mean 

initial body weight of 7.7 kg ± 0.11 (Mean ± SEM) and gained 0.46 kg ± 0.008 daily until a 

mean body weight of 26.1 kg ± 0.35 at the end of the 40 days. The pigs were individually 

marked and video recorded by one AXIS M3024-LVE Network Camera produced by Axis 

Communications per pen for 40 days. During this time, the tail-lesions of the pigs were scored 

twice a week (tail-lesion score 0 (no tail-lesion) to tail-lesion score 3 (tail-lesion larger than the 

diameter of the tail)) (Anonymus, 2016). Moreover, the farm staff monitored the pigs two to 

three times a day for diseases or injuries. Affected pigs were either treated in the pen or moved 

to hospital pens for medical treatment depending on the severity. If tail-biting was detected, the 

biting pigs were removed as well and new pen enrichment (ropes and jute sacks) was installed 

in the pen. Apart from tail-lesions, no diseases were found and only pig was removed because 

of lameness. A tail-biting outbreak (t0) was defined as the scoring day with the first large tail-

lesion and the previous four days (t-1 to t-4) were analysed for tail-posture and tail-biting behav-

iour. Using scan sampling every 20 min, the tail-posture of all standing pigs was analysed from 

10:00 h to 18:00 h. The tail-posture was classified as either raised (lifted above spine level or 

curled) or lowered (hanging below spine level or tucked between the hind legs) (Zonderland et 

al., 2009). Additionally, the location in the pen was documented (at the trough, not at the 

trough). Using continuous event sampling, the tail-biting behaviour was analysed from 08:00 h 

to 18:00 h. A tail-biting event was defined as manipulating, sucking or chewing on a pen mate’s 

tail followed by a defence reaction (such as head shaking, walking away, avoidance, biting 

back) of the receiving pig (Zonderland et al., 2011). Two trained observers carried out the video 

analysis. One observer analysed the tail-posture and the other one the tail-biting behaviour. 

Ethical statement 

The authors declare that the experiments were carried out strictly following international animal 

welfare guidelines. Additionally, the "German Animal Welfare Act" (German designation: Ti-

erSchG), the "German Order for the Protection of Animals used for Experimental Purposes and 

other Scientific Purposes (German designation: TierSchVersV) 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: TierSchNutztV) were applied. No pain, 

suffering or injury was inflicted on the animals during the experiments.  
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Network analysis 

In a social network, the actors form independent nodes, which are connected by edges if they 

interact with each other (Asher et al., 2009). These edges can be either bidirectional, connecting 

node A with node B and node B with node A (A and B sharing a feeding place), or they can be 

unidirectional, connecting only node A with node B but not vice versa (A grooming B). If the 

number of interactions between two nodes is relevant for the analysis, this information is added 

as the ‘weight of the edge’ (Wasserman and Faust, 1994; Wey et al., 2008; Croft et al., 2011). 

To build networks, the tail-biting behaviour was summed up within 60 min time windows, thus 

resulting in 10 networks per day and pen. The nodes represented the pigs and the edges repre-

sented the interactions between the pigs. This study used directed edges, as tail-biting behaviour 

has a clear initiator and receiver, and the frequency of the interaction was used as an edge weight 

(Figure 1). Then, the weighted in-degree and the weighted ingoing closeness (Wasserman and 

Faust, 1994; Newman, 2010) of each pig was calculated for all networks. All calculations re-

garding network analysis were carried out using the Python module NetworkX (Hagberg et al., 

2008). The weighted in-degree is the sum of the edge weight of all ingoing edges, i.e. how often 

a pig was tail-bitten. In contrast, the weighted ingoing closeness centrality of a node is a pa-

rameter for all ingoing connections. It is the number of all direct and indirect connections to 

this node divided by the sum of the path lengths to this node. Figure 2 illustrates the difference 

between weighted in-degree and weighted ingoing closeness centrality. 

 

Figure 1. Example of a network. The pigs display the nodes and the arrows display the edges 

pointing from the initiating to the receiving node. The thickness of the arrows displays the 

weight, i.e. the frequency, of an edge. 
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Figure 2. Difference between the weighted in-degree and the weighted ingoing closeness cen-

trality of one pig. The weighted in-degree contains the direct connections, while the weighted 

ingoing closeness centrality contains all ingoing connections. 

Statistical analysis 

Generalised linear mixed models were applied for the analysis of the binary tail-posture (raised 

tail-posture, lowered tail-posture) using the GLIMMIX procedure of the statistical software 

package SAS 9.4 (SAS® Institute Inc., 2013). In general, the models included the fixed effects 

pen (1-6), day (t-4 – t-1), hour (10:00 h – 17:00 h), location (at the trough, not at the trough), 

receiver (was receiving, was not receiving tail-biting behaviour in the preceding 20 min) and 

the interactions between pen and day, day and hour as well as pen and hour. Furthermore, the 

models included the random effect of the pig nested in the pen. Pre-tests included growth pa-

rameters as well, such as the initial body weight, daily weight gain or the body weight at the 

end of the observation period, but they were excluded because of insignificance. The centrality 

parameters weighted in-degree and weighted ingoing closeness centrality were added as covari-

ates. To represent the group structure in the pens, the time window for the networks was set to 

60 min, because smaller time windows had little to no informative value. The allocation of the 

centrality parameters to the corresponding tail-postures can be seen in Figure 3. For example, 

the centrality parameters from the network 10:00 h to 11:00 h were allocated to the tail-postures 

at 10:20 h, 10:40 h and 11:00 h. Because a pig had a mean of 0.93 tail-posture observations per 

hour, the imputing error was neglectable. To test how long the effect of the centrality parameters 

lasted, different time offsets were set between the centrality parameters and the tail-posture 

observation from 0 min to 140 min in steps of 20 min (Figure 3). Each step was tested separately 

in a new model, resulting in eight different models. Then, the fixed effects and covariates were 



 

 

91 

 

removed stepwise from the model and the model with the smallest AICC (Hurvich and Tsai, 

1989) and BIC (Schwarz, 1978) values was chosen. An interaction only remained in the final 

model if it was significant. A significance level of p < 0.05 was applied for all statistical tests 

and the Bonferroni-correction (Bonferroni, 1936) was used for multiple comparisons. After the 

backward selection, the final models included the tail-posture as the response variable, the fixed 

effects pen, day, hour, receiver and the interaction between pen and day and the random effect 

of the pig nested in the pen. For the models with an offset of 0 min and 20 min, the weighted 

in-degree remained in the final models, while the weighted ingoing closeness centrality re-

mained in the final models for the models with an offset of 40 to 120 min. 

 

Figure 3. Example of the allocation of the centrality parameters of tail-biting network 10:00 h 

– 11:00 h (Network) to tail-biting observations (TB) and the tail-posture observations (TP). 

Without a time offset (a) between network and TP or with a time offset of 20 min (b) or 120 

min (c) between network and TP. TB was always allocated to the following TP. 
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RESULTS 

There was a tail-biting outbreak in all six pens after 22 ± 1.5 days (Mean ± SEM). Then, 27 ± 

12.3 % of the pigs had large tail-lesions. Throughout the observation period, the network den-

sity, i.e. the number of present edges divided by the number of possible edges, increased from 

0.3 ± 0.02 to 0.4 ± 0.04 and the network diameter, i.e. the maximum number of steps between 

two nodes, decreased from 4.3 ± 0.21 to 3.5 ± 0.34. The results show that the probability of a 

lowered tail-posture increased significantly from day t-4 to t-1 in 4 of 6 pens (p < 0.05) (Figure 

4). Between consecutive hours, the probability of a lowered tail-posture increased significantly 

from 13:00 h (57 ± 4.0 % (LS-Mean ± standard error)) to 14:00 h (68 ± 3.2 %) (p < 0.05). If a 

pig was at the trough, the probability of a lowered tail-posture was significantly higher (at the 

trough: 75 ± 2.4 % vs. not at the trough: 51 ± 3.0 %) (p < 0.05). The probability of a lowered 

tail-posture was significantly affected by the receiver (tail-bitten: 71 ± 2.88 % vs. not tail-bitten: 

56 ± 2.79 %) as well (p < 0.05). For the tail-biting models with an offset of 0 min and 20 min, 

the probability of a lowered tail-posture increased significantly with increasing weighted in-

degree (p < 0.05). For the tail-biting models with an offset of 40 min to 100 min, the probability 

of a lowered tail-posture increased significantly with increasing weighted ingoing closeness 

centrality (p < 0.05). In the model with a time offset of 120 min, the weighted ingoing closeness 

centrality was significant as well (p < 0.05), the statistical power of this test, however, was too 

low (0.728). Thus, the null hypothesis was not rejected. In the models with a time offset of 140 

min or more, the centrality parameters had no significant effect. In Figure 5, the effects of the 

weighted in-degree and the weighted ingoing closeness centrality are displayed regarding the 

different models. 
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Figure 4. Estimated probability of a lowered tail-posture in accordance to the interaction be-

tween pen and day (t-1 – t-4 days before day t0, i.e. scoring day with the first large tail-lesion). 

There were significant differences (p ≤ 0.05) within a pen between day t-1 and day t-4 in pen 1, 

2 and 6. There were significant differences (p ≤ 0.05) within pen 5 between day t-1 and day t-2, 

t-3 and t-4. 
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Figure 5. Estimated probability of a lowered tail-posture in accordance to a) the weighted in-degree and a time offset of 0 min and 20 min or b) 

the weighted ingoing closeness and a time offset of 40 to 100 min. Displayed is pen 4 on day t-1 at 10:00 h for a pig located at the trough that was 

tail-bitten in the previous 20 min. 
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DISCUSSION 

In this study, it was investigated whether the group structure had an effect on tail-postures of 

weaned pigs using the pig-level network parameters weighted in-degree and the weighted in-

going closeness centrality derived from tail-biting behaviour networks. As the results of the 

fixed effects hour, location and receiver and the interaction between pen and day are in accord-

ance with Wilder et al. (2020), they are only discussed briefly. 

In preparation for the intended prohibition of piglet castration without anaesthesia according to 

the "German Animal Welfare Act" (German designation: TierSchG) (TierSchG, 2021) by the 

end of 2018 (postponed to the end of 2020), the research farm of this study started to raise entire 

male pigs. This can lead to new welfare problems, for example increased aggressive behaviour 

and increased mounting behaviour resulting in more skin lesions or penile injuries (Borell et 

al., 2020). Thus, countermeasures were taken to prevent increased injuries, such as smaller 

group sizes, higher crude fibre proportion in the feed, additional portions of chopped straw as 

enrichment material and a more intense monitoring and management of the animals. 

The probability of a lowered tail-posture increased in four of six pens from day t-4 to t-1. In these 

pens, either the number of pigs with a tail-lesion increased or the tail-lesion score worsened 

considerably during the observation period, which is in accordance with Lahrmann et al. (2018), 

who found an increase in the number of pigs with a lowered tail-posture from day t-2 to t-1 and 

Larsen et al. (2018), where the number of pigs with a lowered tail-posture was higher in case 

pens compared to control pens. 

Tail-posture was significantly affected by the hour, but only the comparison of 13:00 h to 14:00 

h was significant and no trend was apparent. However, as a control variable, the time was taken 

into account in the model. 

The probability of a lowered tail-posture was significantly higher when the pig was at the trough 

during tail-posture scoring. As there was an animal to feeding place ratio of 1:4 and pigs have 

a tendency towards synchronised routines (Docking et al., 2008), the trough was a limited re-

source, which caused fighting for a feeding place. Thus, tail-biting occurred regularly at the 

trough affecting tail-posture.  

Moreover, the binary parameter receiver was significant in all tested models. Since tail-biting 

behaviour causes pain and stress in the pigs, they try to avoid it by tucking their tail between 

the hind legs (McGlone et al., 1990). Furthermore, stress and pain is linked to a lowered tail-

posture by causing a negative emotional state in the pigs (Reimert et al., 2013). To analyse the 

effect of the centrality parameters and the time offset between tail-biting and tail-posture, the 

weighted in-degree and weighted ingoing closeness were tested additionally to the parameter 

receiver. The tail-posture was significantly affected by the weighted in-degree for the 0 min 

and 20 min time offsets and by the weighted ingoing closeness centrality for the 40 min to 100 

min time offsets. As the weighted in-degree is the number of all ingoing direct connections, i.e. 

how often a pig was tail-bitten, this is comparable to the binary parameter receiver. However, 

in the models with a greater time offset, the combination of direct as well as indirect ingoing 

connections affected tail-posture. While the direct connections, i.e. the tail-biting, primarily 
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caused pain, the indirect connections, i.e. whether the biting pigs were bitten, may have trans-

ferred stress from one pig to the other. In the context of networks, pigs with a high weighted 

ingoing closeness centrality had a more central position within the tail-biting network and there-

fore were more exposed to stress caused by tail-biting in the pen. Thus, tail-posture was more 

affected. This is in accordance with Reimert et al. (2013) who found indications of emotional 

contagion in pigs. These results show that the immediate effect of tail-biting on tail-posture is 

pain and pigs try to avoid it by tucking their tail between the hind legs (McGlone et al., 1990). 

However, the effect of tail-biting lasts longer and the more time passes between tail-biting and 

tail-posture observation, the more the stress in the group structure comes to the fore; this effect 

lasts for about two hours. While tail-biting itself can be triggered by stress (Schrøder-Petersen 

and Simonsen, 2001), different kinds of stress are known to influence tail-posture (Kleinbeck 

and McGlone, 1993; Noonan et al., 1994; Reimert et al., 2013), changes in tail-posture may not 

be specific only for tail-biting (Larsen et al., 2016). However, they may by noticed before the 

first visible tail-lesions. Additionally, the results show that it is possible to notice the effect of 

tail-biting in the pen, even if the tail-posture is not checked immediately after the tail-biting 

incident. Wallgren et al. (2019) found a relation between tail-posture and tail-lesion by moni-

toring the tail-posture once per day. Tail-biting is not the only cause of a lowered tail-posture, 

but if the tail-posture is regularly monitored, an increase in lowered tail-postures can be a useful 

hint to check specific pens for tail-biting. 
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CONCLUSION 

The probability of a lowered tail-posture increased with a higher number of direct incoming 

tail-biting contacts. However, the longer the tail-biting and tail-posture observation were apart, 

the more important the group structure of the indirect incoming contacts became. Thus, tail-

posture is affected by pain as well as stress caused by tail-biting. Even if some time passes 

between the tail-biting event and the tail-posture observation, this effect can still be detected. 

This supports the use of the tail-posture as an indicator of tail-biting. The method of social 

network analysis offered useful pig-level parameters to detect the indirect stress effect of tail-

biting on tail-posture. 
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GENERAL DISCUSSION 

The aim of this thesis was to analyse the effect of tail-directed behaviour on tail-lesions and 

tail-posture. Therefore, tail-directed behaviour and tail-posture of undocked piglets were 

observed and social network analysis was used to calculate pig level network parameters to take 

into account the individual’s position in the group structure of tail-biting behaviour. The 

acquired data was initially tested for validity and robustness against missing data. For the 

analysis of robustness against missing data, datasets of different observers and random 

subsamples of the reference dataset at a fixed error rate were tested by comparing the resulting 

social network parameters. To do this, different criteria of accuracy were defined. The validity 

of behavioural observations was tested by drawing samples of the reference dataset to simulate 

shorter observation periods and different sampling methods, i.e. continuous sampling and time 

sampling. After validation of the behavioural data, generalised linear mixed models were used 

to test the influence of tail-directed behaviour on tail-lesions and tail-posture, depending on the 

time between the observations. Furthermore, social network parameters were used to analyse 

the effect of group structure of tail-biting networks on tail-posture in addition to the number of 

received tail-biting events. 

Validity of behavioural observations 

The analysis of animal behaviour goes hand in hand with extensive workload due to animal 

observations. To reduce this workload, the observation period is often limited to only a few 

hours per day. However, the analysis of validity and robustness of this study showed worse 

results for shorter time windows or observation periods. The less video footage was analysed 

the more the results became vulnerable to missed events. Additionally, shorter observation 

periods mostly showed poor accordance if compared to the observations of the whole day. This 

can be a special case of the analysed tail-biting behaviour, as it can be hard to observe short and 

irregular behaviour (Arnold-Meeks and McGlone, 1986; Pullin et al., 2017; Oliveira et al., 

2018). Other studies could show examples of efficient and precise behaviour sampling, for 

example resting or feeding behaviour (Chen et al., 2016; Oliveira et al., 2018; Ross et al., 2019). 

They concluded as well that short and irregular behaviour cannot be accurately sampled with 

methods such as scan sampling, because the chance of missing behavioural events increases 

with longer intervals (Martin and Bateson, 2012; Chen et al., 2016). 

Even using continuous sampling proved to be difficult, as shown by the deviations between the 

real observers of this thesis. These observers were trained beforehand and the inter- and 

intrarater reliability was tested throughout the course of the video analysis. This was done using 

video footage of 50 situations, which showed either tail-biting behaviour, ear-biting behaviour 

or no relevant behaviour. Each test consisted of a compilation of 30 of these video clips in 

random order. To test the intrarater reliability, 20 video clips were used in each test, the other 

ten were randomly selected. The observers had to rate the video clips according to the behaviour 

shown, initiating and receiving animal and duration of the behaviour. If the interrater reliability 

was too low (Cohen’s kappa < 0.7), the observer had to resume training before continuing with 

the video analysis. Additionally, the actual video footage of the pens and days was allocated at 

random to further reduce the effect of observer bias. Despite high interrater reliability in the 

tests, however, the reliability in the actual video analysis between the observers was 
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insufficient, resulting in high deviation between the observers. In the testing situation, the 

observers were probably more concentrated as the testing took approximately 30 min and they 

knew they were being tested. During the actual video analysis, the observers were instructed to 

regularly take breaks to stay focused as behavioural observations are exhausting. Nevertheless, 

the video analyses were unsupervised and breaks could not be enforced. Therefore, weariness 

and distraction could have influenced the observations. Moreover, the video footage of the 

testing was carefully chosen to show only one relevant behaviour at a time. Of course, this could 

not be controlled in the actual video analysis and the high number of animals per pen 

complicated the observation of all animals simultaneously. Furthermore, tail-biting behaviour, 

especially tail-biting behaviour without a defence reaction, did not inevitably cause much 

movement to attract the attention of the observer. Additionally, Tuyttens et al. (2014) found 

observer bias depending on the information given beforehand and the resulting expectation of 

the observer although the observers were trained. All of this could result in missed events in the 

actual video analysis and in the deviation between the observers. Besides, if observers missed 

events, they did not miss them at random. This led to even worse accordance compared to the 

simulation in which events were missed at random. 

Although it could be shown that longer observations can compensate for the impact of missed 

events to some extent, it was not possible to find and establish thresholds of the criteria of 

accuracy used that needed to be exceeded to count as good agreement. Thus it was not possible 

to determine a minimum of observation time to estimate behaviour correctly and therefore it is 

recommended to observe as much behaviour as possible to achieve a valid database. Of course, 

it is not possible to analyse all video footage produced in a study. And in most cases, it is not 

necessary to do so as other behaviours can be estimated efficiently by short observation periods 

or scan sampling (Chen et al., 2016; Oliveira et al., 2018; Ross et al., 2019). Nevertheless, the 

validity of observations of different behaviours should be questioned beforehand. If there is no 

information in literature on a specific behaviour, sampling technique and ethogram should be 

tested for a small sample in a preliminary investigation before scheduling the observations and 

beginning with the analysis. However, this sample should be chosen carefully if there are big 

differences between the groups. Especially for tail-biting behaviour, it could be possible that in 

one pen there is already an ongoing tail-biting outbreak while in the next pen it can be only 

observed sporadically. Thus, it could be sufficient to reduce the observation period to the 

activity time in one pen, whereas it is necessary to observe the other pen continually for the 

whole day. 

Tail-posture as an indicator of tail-biting 

The present thesis was able to show the direct relation between tail-biting behaviour and tail-

lesions as well as between tail-biting behaviour and tail-posture. Thus, tail-posture can be used 

as an indicator of tail-biting behaviour. Furthermore, the results show that tail-in-mouth 

behaviour does not affect tail-posture and does not lead to tail-lesions. This emphasises the 

usage of tail-posture as an indicator of tail-biting behaviour, as the noticeable change in tail-

posture occurs with or after the transfer from tail-in-mouth behaviour to harmful tail-biting 

behaviour. However, tail-posture is not only affected by direct tail-biting behaviour but also by 

for example stress and the affective state of the animal (Noonan et al., 1994; Reimert et al., 

2013). On the one hand, this can facilitate the usage as an indicator. As shown in Chapter Four, 
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stress caused by tail-biting behaviour can influence tail-posture as well and for a longer time 

than the direct effect of tail-biting behaviour. On the other hand, the effect of stress and the 

affective state of the animal shift the tail-posture to a position of a more general indicator, as 

there can be different stressors affecting tail-posture in addition to tail-biting behaviour (Larsen 

et al., 2016). For example, heat stress (Kleinbeck and McGlone, 1993) or management 

procedures (Noonan et al., 1994) can influence tail-posture. However, this does not need to be 

disadvantageous. If tail-posture functions as a general indicator of stressors, it implies the need 

to check a pen in detail for tail-biting behaviour or other issues. 

The analysis of tail-biting behaviour and tail-posture in this thesis could have been improved 

by analysing more pens and days, which was not possible due to the high workload of animal 

observations. However, having information on more pens would allow an analysis at pen level. 

As this is probably more feasible for the farmer, it is important to know whether the effects on 

tail-posture can be detected at pen level as well. A relation between tail-posture and tail-lesions 

has been found in different studies. Differences in tail-posture have been found between pens 

with tail-biting outbreak and control pens (Statham et al., 2009; Lahrmann et al., 2018; Larsen 

et al., 2018; Wedin et al., 2018). While this thesis found a relation between the number of tail-

biting incidents in the four days before a tail-biting outbreak, other studies have shown that the 

presence of a tail-lesion can be estimated by tail-posture on the same day (Zonderland et al., 

2009; Larsen et al., 2018; Wallgren et al., 2019) or predicted 2-3 days later (Zonderland et al., 

2009). Additionally, information on more days would allow an analysis of the change in tail-

posture over time. During the four days immediately before a tail-biting outbreak, there was 

high biting activity in the pens and it was not possible to detect a starting point of the tail-biting 

behaviour or the first changes in tail-posture. Other studies for example have indicated 

differences within an outbreak pen between 1 day before the tail-biting outbreak and 2/3 days 

(Lahrmann et al., 2018) or 7 days (Wedin et al., 2018) before a tail-biting outbreak. Automatic 

detection of tail-posture is in development and helps to reduce the workload of animal 

observation and enables analysis of huge datasets for future studies or the detection of tail-

postures in real-time (D'Eath et al., 2018). Implementing this into precision livestock farming 

algorithms to warn the farmer could help facilitate animal monitoring. This can improve animal 

welfare as measures against tail-biting behaviour can be taken in time to prevent severe tail-

lesions (Zonderland et al., 2008), especially in combination with other indicators of tail-biting 

behaviour that can be automatically monitored as well, for example pen activity, feed and water 

intake (Statham et al., 2009; Wallenbeck and Keeling, 2013; Ursinus et al., 2014; Larsen et al., 

2016). 

Social network analysis 

Using social network analysis helped to analyse the group structure of tail-biting behaviour and 

its effect on tail-posture. However, the full potential of social network analysis could not be 

used. Because of the extensive video analysis of tail-biting behaviour it was not possible to 

observe as many days as intended or any additional behaviour, for example displacement 

behaviour or usage of different resources in the pen (feed, water, lying area, pen enrichment 

material). Social network analysis offers not only parameters and methods to analyse networks 

with one type of node (monopartite), but also networks with two (bipartite) or more 

(multipartite) different types of nodes (Wasserman and Faust, 1994; Newman, 2010). In this 
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thesis, a monopartite approach was used, as all nodes in the networks were pigs and only the 

interaction between the pigs was taken into account. However, with additional information, it 

would have been possible to use a bipartite or multipartite approach. Saavedra et al. (2009) for 

example describes possibilities of analysing cooperation networks between plants and animals 

with regard to pollination and Ivens et al. (2016) used a bipartite network approach to 

investigate the interaction of ant colonies and their symbiont. In terms of tail-biting behaviour, 

the hypothesis of frustration as the cause of sudden forceful tail-biting (Taylor et al., 2010) 

could have been investigated by putting the tail-biting behaviour in relation with the usage of 

resources. In Chapter Three, a higher probability of a lowered tail-posture at the trough 

indicated higher tail-biting activity at the trough. Since the animal to feeding place ratio was 

4:1, fighting for a feeding place was commonly observed, possibly resulting in frustration for 

the displaced pigs. Here, the animals could form one set of nodes while the resources could 

form another set of nodes to gain a deeper understanding of the causes of tail-biting behaviour. 

Another possibility of social network analysis is a multilayer approach (Finn et al., 2019). This 

enables analysis of more than one sort of interaction at the same point in time or analysis of one 

sort of interaction at different points in time. Since behaviours can occur in different situations 

and can be interdependent, it can be helpful to include this multidimensionality in the analysis, 

which is otherwise ignored in monolayer network approaches (Barrett et al., 2012). Thus, a 

multilayer network consists of nodes and edges analogous to monolayer networks, but with the 

difference that there are different layers with the same set of nodes in each layer. Within each 

layer, the nodes are connected by intralayer edges representing an interaction between the 

nodes. This interaction can be of a different kind for every layer or it can be of the same kind 

but at a different point in time. Furthermore, if a node is present in more than one layer, it is 

connected by interlayer edges connecting the different layers and forming a complex multilayer 

network. This offers the opportunity to analyse the multidimensionality of behaviour. For 

example, Finn et al. (2019) found differences in the importance of individual macaques between 

the monolayer approaches of grooming networks and association networks compared to the 

combination of both in a multilayer network. Moreover, Fisher and Pinter-Wollman (2021) 

analysed temporal dynamics of individual and group behaviour of social spiders. With this 

multilayer approach and a sufficient database of the relevant behaviours it could be possible to 

analyse tail-biting behaviour with regard to for example displacement behaviour from resources 

or association based on spatial proximity at the feeder or lying area. Additionally, the 

investigation of temporal dynamics of tail-biting behaviour could give further insights into the 

development of tail-biting outbreaks as static networks lose this information by aggregating 

long time periods. This could probably reveal the beginning of emerging tail-biting behaviour, 

the accompanying changes in behaviour or the optimal point to take measures against a tail-

biting outbreak. 

Outlook 

The monitoring of early indicators of tail-biting behaviour will be essential in pig husbandry 

and will probably continue to be so, as the multifactorial genesis of a tail-biting outbreak 

impedes the complete elimination of this welfare problem (Larsen et al., 2016; D'Eath et al., 

2018). However, as technology and precision livestock farming are rapidly advancing, 

automated opportunities of animal monitoring are becoming more feasible (Benjamin and Yik, 
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2019). Sensors are becoming smaller, cheaper and more reliable while cameras are improving 

in resolution and recent computing power enables real-time investigation of data. All of this 

provides new opportunities for future studies to analyse vast quantities of data which would not 

be possible to carry out by hand and gain new insights into animal behaviour leading to better 

animal health and welfare. These new approaches of automated data sampling also provide the 

advantage of fewer errors and less bias by human observers. Nevertheless, they pose new risks 

as the acquired data has to be checked for validity and reliability and should therefore be 

initially accompanied by conventional data acquisition and animal observation (Neethirajan and 

Kemp, 2021). Combining different, automatically monitored indicators of tail-biting can 

produce early warning algorithms providing useful help for farmers. However, these algorithms 

can only assist farmers. Algorithms can err and cannot replace human perception. Moreover, as 

this aids the detection of tail-biting outbreaks, social network analysis and multilayer networks 

provide a framework to analyse this complex and multidimensional system (Neethirajan and 

Kemp, 2021; Smith and Pinter-Wollman, 2021) to further study the multifactorial genesis of 

tail-biting behaviour and eventually find new solutions for it.  

Conclusion 

In this thesis, it was possible to illustrate the difficulties of behavioural observations of tail-

biting behaviour. On the one hand, it could be demonstrated that the validity of observations is 

impaired by shortening the observation periods. On the other hand, deviations between 

observers were found, although these observers were trained and the interrater reliability was 

tested during the study. Moreover, the impact of missed events on the robustness of social 

network parameters based on tail-biting behaviour observations was tested. Here, it was shown 

that longer observation periods could mitigate the effects of missed events to some extent. 

However, the comparison between real observers and the simulated observations proved that 

the effect of missing events is more serious for real observers as their perception can be biased 

despite training. It is therefore recommended to carefully question behaviour sampling methods 

and observation periods for each behaviour beforehand. The results of this thesis can help future 

studies into this issue by providing estimations for potential sampling accuracy. This thesis 

further demonstrated the effect of tail-biting behaviour on tail-lesions and the tail-posture. The 

latter could be confirmed as a feasible indicator of tail-biting behaviour helping farmers to 

detect it. Moreover, social network analysis was able to reveal an indirect effect of tail-biting 

behaviour on tail-posture and further potential of social network analysis for future studies was 

outlined. The present thesis may contribute new insights into optimal observation methods and 

an early indication of tail-biting behaviour and by doing so improve animal health and animal 

welfare in pig husbandry. 
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SUMMARY 

Thore Wilder: Tail-biting behaviour in weaning pigs – an investigation of tail-posture and the 

validity and reliability of behavioural observations of social interactions 

The behavioural disorder tail-biting is one of the animal welfare issues of modern pig 

husbandry. Because of its multifactorial genesis, it is not yet possible to control or eliminate 

this problem. Although improving housing conditions reduces the prevalence of tail-biting 

behaviour as well, a risk of tail-biting outbreaks remains. Thus, it is crucial to detect these 

outbreaks at an early stage and take suitable measures to prevent severe damages. Indicators of 

tail-biting behaviour are able to facilitate this detection. Other studies have shown a relation 

between changes in tail-posture and the occurrence of tail-lesions. Hence, the aim of this thesis 

was to examine the relation of tail-biting behaviour on tail-posture and tail-lesions to gain new 

insights and improve the identification of tail-biting behaviour. Furthermore, the acquired data 

was used to test the validity and reliability of behavioural observations and the robustness 

against missed events. 

Therefore, 144 weaned undocked piglets in six pens were video recorded for 40 days and scored 

for tail-lesions twice a week. A tail-biting outbreak was determined as the scoring day with the 

first large tail-lesion (larger than the diameter of the tail) and the previous four days were then 

analysed for 12 h per day. One trained observer analysed tail-posture and four trained observers 

initially analysed tail-directed behaviour. However, this was reduced to only one observer after 

deviations between the observers became apparent. The dataset of tail-directed behaviour was 

used as a reference to test the validity of shorter observation periods and different sampling 

methods. Criteria based on the ranking order and the numerical agreement were used for the 

comparison. The results of shorter observation periods were worse than the results of longer 

observation periods, as expected. Moreover, the advantages of time sampling could be 

illustrated as the results were on a similar level with continuous sampling, whereas time 

sampling was able to cover a longer time period without increasing the necessary analysis time. 

Besides, a focus on the activity time of the animals proved to be advantageous in determining 

the correct ranking order. However, it led to an overestimation of the behaviour according to 

the calculated behavioural events per day.  

Robustness against missed events was investigated in another step. For this, the datasets of the 

excluded observers were compared to the dataset of the chosen observer, who analysed all 24 

days of video footage. Furthermore, faulty datasets at a fixed error level were simulated by 

randomly sampling the dataset of the chosen observer. Pig level social network parameters were 

calculated for all datasets and then compared to the parameters based on the observations of the 

chosen observer, which formed the reference point. Again, criteria based on the ranking order 

were used. The results show better robustness for longer time windows and with this more 

observations in total. Additionally, greater differences between the animals’ network 

parameters improved the robustness as well because the ranking order became more stable. The 

comparison of the real observers yielded overall insufficient agreement with the reference. 

Moreover, it could be shown that real observers do not miss events at random. This additionally 

worsened the robustness of the data of the real observers if compared to the results of simulated 

faulty datasets. 
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The relation of tail-biting behaviour to tail-posture and tail-lesions was investigated separately 

using generalised linear mixed models. The number of tail-directed behaviour events were 

counted for each pig and divided into initiating and receiving behaviour and into behaviour with 

or without a defence reaction of the receiving pig. With this, it was possible to differ between 

tail-biting behaviour and tail-in-mouth behaviour. The probability of a tail-lesion and a lowered 

tail-posture were both positively affected by a higher amount of received tail-biting behaviour. 

However, receiving tail-in-mouth behaviour did not influence tail-posture. Initiating tail-biting 

or tail-in-mouth behaviour had no detectable effect at all. It could be shown that tail-posture 

changed during the four days of observation. Thus, tail-posture could be confirmed as an 

indicator of tail-biting behaviour. 

Extending the dyadic analysis of tail-biting behaviour with information on group structure was 

carried out using social network analysis. Pig level social network parameters were calculated 

and implemented in similar generalised linear mixed models to test the hypothesis if the tail-

posture is affected by the indirect effects of the tail-biting group structure in addition to the 

direct effect of tail-biting behaviour. The probability of a lowered tail-posture was affected by 

direct incoming tail-biting contacts. Yet, increasing the time between the tail-biting event and 

the tail-posture observation showed that tail-posture was affected by a combination of direct 

and indirect incoming tail-biting contacts in the 40 - 120 min after a tail-biting event. Therefore, 

tail-biting behaviour can affect tail-posture directly by pain, but also indirectly by stress. 

In conclusion, the present thesis provided new insights into two topics. On the one hand, the 

difficulties of behavioural observations could be shown that demonstrate the necessity to 

critically question used sampling methods for different behaviours. The results of the conducted 

analysis can work as guidance for the potential accuracy of future studies using behavioural 

observations. On the other hand, different effects on tail-posture were presented. With this, the 

relation between tail-biting behaviour and tail-posture was confirmed and the feasibility of tail-

posture as an indicator of tail-biting behaviour could be pointed out. With these results, the 

present thesis encourages the monitoring of tail-posture in order to improve animal health and 

animal welfare in pig husbandry. 
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ZUSAMMENFASSUNG 

Thore Wilder: Schwanzbeißen bei Absetzferkeln – Untersuchung der Schwanzhaltung und der 

Validität und Reliabilität von Verhaltensbeobachtungen sozialer Interaktion 

Die Verhaltensstörung Schwanzbeißen ist eine der aktuellen Tierwohlproblematiken moderner 

Schweinehaltung. Bisher war es noch nicht möglich, die Problematik aufgrund ihrer 

multifaktoriellen Ursachen zu kontrollieren oder zu beseitigen. Denn auch wenn eine 

Verbesserung der Haltungsbedingungen die Wahrscheinlichkeit für Schwanzbeißen verringert, 

bleibt ein Risiko für Schwanzbeißausbrüche bestehen. Daher ist es entscheidend, 

Schwanzbeißen in einem möglichst frühen Stadium zu erkennen, um geeignete Maßnahmen zu 

ergreifen und schwerere Verletzungen zu vermeiden. Indikatoren für Schwanzbeißen können 

diese Aufgabe erleichtern. In anderen Studien konnte bereits ein Zusammenhang zwischen der 

Schwanzhaltung von Schweinen und dem Auftreten von Schwanzverletzungen gezeigt werden. 

Daher war das Ziel dieser Arbeit, den Zusammenhang zwischen der Schwanzhaltung und 

Schwanzbeißen und zwischen Schwanzverletzungen und Schwanzbeißen zu untersuchen und 

mit neuen Erkenntnissen die Früherkennung von Schwanzbeißen zu verbessern. Zusätzlich 

wurde der gewonnene Datensatz genutzt, um die Validität und Reliabilität der 

Verhaltensbeobachtungen und die Anfälligkeit gegenüber fehlender Daten zu beurteilen. 

Zu diesem Zweck wurden 144 unkupierte Ferkel in sechs Buchten nach dem Absetzen für 40 

Tage videoüberwacht und zweimal wöchentlich auf Schwanzverletzungen untersucht. Ein 

Schwanzbeißausbruch wurde anhand des ersten Boniturtages mit einer großen 

Schwanzverletzung (größer als der Durchmesser des Schwanzes) bestimmt. Von diesem Tag 

an wurde das Videomaterial der vier vorangegangenen Tage für zwölf Stunden pro Tag 

gesichtet. Dabei dokumentierte ein geschulter Beobachter die Schwanzhaltung der Tiere, 

während das Schwanzbeißen zunächst von vier geschulten Beobachtern dokumentiert wurde. 

Nachdem jedoch zu große Abweichungen zwischen den Beobachtern auftraten, musste sich auf 

einen Beobachter beschränkt werden. Die Daten zum Schwanzbeißen wurden anschließend als 

Ausgangspunkt für Vergleiche von verschiedenen Beobachtungstechniken und -zeiträumen 

genutzt. Dazu wurden die Stabilität der Rangfolge und die Übereinstimmung der Anzahl des 

gezeigten Verhaltens als Bewertungsmaßstäbe genutzt. Wie zu erwarten war, lieferten kürzere 

Beobachtungszeiträume schlechtere Übereinstimmungen als längere. Es zeigte sich allerdings 

auch, dass „time sampling“ bei ähnlich guter Übereinstimmung wie „continuous sampling“ 

einen längeren Zeitraum abdecken kann, ohne dabei die benötigte Arbeitszeit zu erhöhen. Daher 

wäre „time sampling“ in diesem Fall zu bevorzugen. Außerdem war es von Vorteil, die Tiere 

nur während der Aktivitätszeit zu beobachten, wenn es darum ging, die korrekte Rangfolge zu 

bestimmen. Dabei wurde jedoch die tatsächliche Anzahl des gezeigten Verhaltens überschätzt. 

In einem weiteren Schritt wurde die Anfälligkeit gegenüber fehlender Daten untersucht. Dafür 

wurden zum einen die Daten der ausgeschlossenen Beobachter verwendet. Zusätzlich wurden 

noch weitere fehlerhafte Datensätze simuliert, bei denen die Fehlerrate mittels zufälliger 

Stichproben festgelegt werden konnte. Die Daten des Hauptbeobachters wurden hier als 

Referenz herangezogen. Anhand dieser Daten wurden mithilfe der Sozialen Netzwerkanalyse 

tierindividuelle Zentralitätsparameter berechnet, welche dann mit der Referenz verglichen 

wurden. Als Bewertungsmaßstab wurde auch hier die Stabilität der Rangfolge beurteilt. Aus 
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den Ergebnissen konnte abgeleitet werden, dass längere Zeitfenster und damit eine höhere 

Gesamtzahl an Beobachtungen die Übereinstimmung verbesserten. Dies war auch der Fall, je 

größer die Unterschiede zwischen den einzelnen Tieren waren, da die Rangfolge deshalb 

stabiler gegenüber fehlenden Daten war. Der Vergleich der ausgeschlossenen Beobachter mit 

der Referenz zeigte allerdings überwiegend schlechte Übereinstimmungen und es konnte 

zusätzlich noch im Vergleich mit den simulierten Daten gezeigt werden, dass auftretendes 

Verhalten nicht zufällig übersehen, sondern eher systematisch Fehler gemacht wurden, 

wodurch die echten Beobachter schlechter abschnitten als die simulierten Daten. 

Mithilfe von verschiedenen generalisierten linearen gemischten Modellen wurden die 

Zusammenhänge zwischen dem Schwanzbeißen und der Schwanzhaltung sowie den 

Schwanzverletzungen untersucht. Dafür wurde das Schwanzbeißen in Täter- und Opferrolle 

und zusätzlich noch in Beißen mit und ohne eine Abwehrreaktion des Opfertieres 

unterschieden. Damit wurde zwischen tatsächlichem Beißen und „tail-in-mouth“-Verhalten zu 

differenziert. Die Wahrscheinlichkeiten für eine Schwanzverletzung und eine gesenkte 

Schwanzhaltung stiegen umso mehr, je öfter ein Tier gebissen wurde. Das Opfer von „tail-in-

mouth“-Verhalten zu werden, beeinflusste die Schwanzhaltung allerdings nicht. Auch aktives 

Schwanzbeißen oder „tail-in-mouth“-Verhalten hatten keine nachweisbaren Effekte. 

Änderungen der Schwanzhaltung konnten darüber hinaus über die vier Beobachtungstage 

hinweg gezeigt werden. Mit dieser Auswertung war es daher möglich, die Schwanzhaltung als 

Indikator für Schwanzbeißen zu bestätigen. 

Um die rein auf dyadischen Kontakten basierende Auswertung um Informationen der 

Gruppenstruktur zu ergänzen, wurde die soziale Netzwerkanalyse genutzt. Hierzu wurden 

tierindividuelle Zentralitätsparameter berechnet und in ähnlichen generalisierten linearen 

gemischten Modellen verwendet, um die Hypothese zu überprüfen, ob die Schwanzhaltung 

über die direkten Effekte des Schwanzbeißens hinaus auch von indirekten Effekten beeinflusst 

wird. Die Wahrscheinlichkeit für eine gesenkte Schwanzhaltung wurde auch hier durch eine 

erhöhte Anzahl an direkten eingehenden Kontakten erhöht. Wurde jedoch der zeitliche Abstand 

zwischen dem Schwanzbeißen und der Beobachtung der Schwanzhaltung erhöht (40 – 120 

min), wurde die Schwanzhaltung durch eine Kombination aus direkten und indirekten 

eingehenden Kontakten beeinflusst. Daraus folgt, dass die Schwanzhaltung nicht nur direkt 

durch den Schmerz, sondern auch indirekt durch Stress beeinflusst werden kann. 

Zusammenfassend konnte die vorliegende Arbeit neue Erkenntnisse in zwei Themenbereichen 

schaffen. Auf der einen Seite konnten Problematiken der Verhaltensbeobachtung aufgezeigt 

werden, die die Notwendigkeit deutlich machen, Methoden der Verhaltensbeobachtung für 

verschiedene Verhaltensweisen kritisch zu hinterfragen. Die Ergebnisse der durchgeführten 

Auswertungen können als eine Art Orientierungshilfe für zukünftige Studien dienen, um die zu 

erwartende Genauigkeit abschätzen zu können. Auf der anderen Seite konnten verschiedene 

Einflussfaktoren für die Schwanzhaltung gezeigt werden. Damit konnte der Zusammenhang 

zwischen Schwanzbeißen und auftretenden Schwanzverletzung bewiesen und die Nutzbarkeit 

der Schwanzhaltung als Indikator für Schwanzbeißen demonstriert werden. Mit diesen 

Ergebnissen bestärkt die vorliegende Arbeit die Überwachung der Schwanzhaltung, um die 

Tiergesundheit und das Tierwohl in der Schweinehaltung zu verbessern. 



 

 

 

 

 

 

 

 

 

 

 

 “So Long, and Thanks for All the Fish“ 

― Douglas Adams, The Hitchhiker's Guide to the Galaxy 
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