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Understanding behavior is important in terms of welfare assessments to be able to evaluate possible changes in behavior among different husbandry systems. The present study applied principal component analysis (PCA) to reveal relationships between behavioral indicators to identify the main components of sows' behavior promoting feasibility of welfare assessments by providing possibilities for variable reduction and aggregation. The indicators of the Welfare Quality® protocol's principle to assess behavior were repeatedly applied by two observers on 13 farms in Northern Germany. This included Qualitative Behavior Assessments (QBA) to evaluate animals' body language using 20 pre-defined adjectives, assessments of social and exploratory behavior, stereotypies, and human–animal relationship tests. Two separate PCA were performed with respect to the QBA: (1) adjectives were included as independent variables and (2) adjectives were pre-aggregated using the calculation rules of the Welfare Quality® protocol for fattening pigs since a calculation for sows does not yet exist. In both analyses, two components described sows' behavior. Most variance was explained by the solution with adjectives as independent variables (51.0%). Other behavioral elements not captured as indicators by the protocol may still be important for all-inclusive welfare assessments as the required variance of 70% was not achieved in the analyses. Component loadings were used to determine components' labels as (1) “satisfaction of exploratory behavior” and (2) “social resting”. Both components reflected characteristics of sows' natural behavior and can subsequently be used for variable reduction but also for development of component scores for aggregation. As defined for PCA, component 1 explained more variance than component 2. PCA is useful to determine the main components of sows' behavior, which can be used to enhance feasibility of welfare assessments.
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INTRODUCTION

Animal welfare is generally defined by both physical and mental health (Dawkins, 2004; Webster et al., 2004) and, following the five freedoms published by the Farm Animal Welfare Council (FAWC), animal welfare involves the freedom from hunger and thirst, from discomfort, from pain, injury, and disease, from fear and distress and the freedom to express normal behavior (Farm Animal Welfare Council, 1993). Based on FAWC's definition, the Five Domains model was developed to determine the influence of experiments or their use on animal welfare. The Five Domains are subdivided into “nutrition,” “environment,” “health,” “behavior,” and “mental state” (Mellor and Reid, 1994). Growing public demand for improved welfare of farm animals has resulted in the need to develop valid, reliable, and practicable systems for the assessment of animal welfare (Webster, 2005). The most representative example to fulfill this need is the Welfare Quality® system. The Welfare Quality® protocols were developed between 2004 and 2009 by a research collaboration as part of an EU project and are intended to enable the scientifically based, standardized and objective measurement of animal welfare (Blokhuis et al., 2013). Within the protocols, the multidimensionality of animal welfare described above is reflected in four main principles assessing feeding, housing, health, and behavior. Independent but complementary criteria were chosen for each of these principles, as can be seen in Figure 1. These are measured using mainly animal-based indicators (Botreau et al., 2007). The Welfare Quality® protocol's behavior principle assesses animals' motivated behavior or the expression of species-specific behavior, respectively. Modifications in the behavioral patterns often represent an animal's first reaction to an aversive or stressful environment. Behaviors that deviate, for example, in frequency from those shown when an animal is able to perform its natural behavior are called “abnormal behaviors” (Fraser and Broom, 1990).
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FIGURE 1. Overview of the four Welfare Quality® principles and its 12 criteria (modified after Blokhuis et al., 2013). The principle to assess behavior (“appropriate behavior”), which is the focus of the present study, is highlighted in light gray.


Even though the Welfare Quality® protocols are a representative example of an objective welfare assessment system, the protocols are commonly criticized for their lack of feasibility (Czycholl et al., 2016b; Friedrich et al., 2019b). In this context, the assessment of behavioral indicators in particular is said to be time-consuming (Rushen et al., 2012). However, Friedrich et al. (2020b) identified the assessment of stereotypies as an iceberg indicator for the assessment of welfare in sows. Iceberg indicators aggregate the information of several indicators in one indicator enhancing the feasibility of the assessment (Farm Animal Welfare Council, 2009). Consequently, the assessment of behavior is crucial for the assessment of welfare in sows based on the definitions of animal welfare (FAWC's five freedoms, Five Domains, Welfare Quality® principles).

In the present study, the behavioral indicators of the principle to assess behavior using the Welfare Quality® protocol for sows and piglets were applied to 13 farms and subsequently analyzed using principal component analysis (PCA). PCA is an investigative statistical method for identifying correlation structures among multiple variables and was introduced by Munsterhjelm et al. (2015) to aggregate the Welfare Quality® protocol's indicators to so-called main welfare issues. In doing so, no aggregation of behavioral indicators was performed (Munsterhjelm et al., 2015). Therefore, the present study is the first of its kind in which behavioral indicators were analyzed contextually.

The present study aimed at contributing to the feasibility of the assessment of behavior in terms of the Welfare Quality® protocol by identifying redundancies among the variables allowing the protocol to be subsequently shortened to enhance feasibility. Moreover, it also aimed at identifying the main components within the behavioral indicators of the principle to assess behavior using the Welfare Quality® protocol for sows and piglets. In comparison with the Welfare Quality® protocol, behavior is not sufficiently considered in other assessment systems for animal welfare (Friedrich et al., 2020a). It is therefore important to identify those behavioral indicators that are most important from a scientific point of view to assess behavior so that other assessment systems can be improved accordingly. Lastly, main components represent a first approach to developing an accessible overall score since there is no aggregation of the variables applied to sows in the Welfare Quality® protocol at present. In summary, the present study contributes to the further development of the Welfare Quality® protocol for sows and piglets by indicating which variables may be removed from the protocol to increase feasibility, and by providing a first approach for calculating an overall evaluation. Higher feasibility allows the protocol to be more widely applicable, e.g., for farmers, and overall evaluation may help to simplify the interpretation of results and allow easier comparisons between farms. The results can be consulted by other assessment systems for animal welfare as well. All this contributes to an increase in welfare in sows.



MATERIALS AND METHODS


Data Collection

Behavioral data were collected by two observers on 13 farrowing farms in Northern Germany between September 2016 and April 2018 (Observer 1: female, aged 27, veterinarian; Observer 2: female, aged 25, student of agricultural sciences; both observers had experience in handling pigs and collecting data). One observer visited each farm five times (day 0, day 3, week 7, month 5, month 10). The monthly distribution of the visits on the farms during the data collection can be seen in Figure A of the Supplementary Material. Twenty random chosen visits were performed by the second observer. The second observer performed the evaluation on the same animals at the same time and under the same conditions but independently of the first observer. By spreading visits across all seasons and since animals rotated within the farms due to the production cycle or since there was a change in animals due to replacement, different animals were observed on each farm during each visit. Therefore, the resulting 85 farm visits were considered independent in the further analyses. The participating farms were selected to ensure an inter-farm variability as large as possible. The Chamber of Agriculture Schleswig Holstein helped in approaching the farms. However, the farms' participation was voluntary. The farms had different production types (conventional vs. organic), farm sizes (40–5,000 sows) and production rhythms (1-week−4-weeks rhythm) as can be seen in Table 1. All farms worked as a closed system.


Table 1. Characteristics of the 13 farms in the present study.
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The Welfare Quality® protocols are based on four main principles to assess feeding, housing, health, and behavior. This study aimed at identifying main components in the behavioral indicators and therefore focused on the principle to assess behavior in sows. Thus, for each farm visit, the observers applied the complete Welfare Quality® protocol for sows and piglets but only the behavioral indicators of the protocol's principle to assess behavior were of interest for the analyses. The observers were trained by experts of the Welfare Quality® consortium before starting data collection to ensure that the assessments complied with the protocol. The observers were re-trained and re-evaluated using pictures and videos midway through the data collection to prevent observer drift. The behavioral indicators at each farm visit included a Qualitative Behavior Assessment (QBA) that evaluated the positive affective state of the animals, an instantaneous scan sampling that measured social and exploratory behavior, the assessment of stereotypies and a human–animal relationship test. In short, the QBA comprised the evaluation of 20 adjectives (1: active; 2: relaxed; 3: fearful; 4: agitated; 5: calm; 6: content; 7: tense; 8: enjoying; 9: frustrated; 10: sociable; 11: bored; 12: playful; 13: positively occupied; 14: listless; 15: lively; 16: indifferent; 17: irritable; 18: aimless; 19: happy; 20: distressed). The expressive quality of the activities of the animals were observed within a given time of 20 min. Observation points were evenly spread across a farm to account for farm dynamics including rooms on different sides of the buildings and pens evenly distributed within a room, e.g., rooms from the north and the south side of a building and the first, one middle and the last pen in a room were assessed. At the end of the observation time of 20 min, the expression of all animals under observation was rated for each adjective on a visual analog scale from 0 (absent) to 125 mm (dominant) thereby summarizing the expressive quality of all animals' activities observed. Using five scans at 2 min intervals, the number of animals involved in positive and negative social behavior, discovering enrichment material, performing pen investigations or other active behaviors such as drinking, or walking was assessed in the instantaneous scan sampling. The assessment was limited to the gestation unit but different observation points were used to generate an overall picture of the sows' behavior. In addition, a random sample of sows in the gestation unit was observed for the presence of stereotypical behavior such as sham chewing or tongue rolling. A binary score (0 = absent, 1 = present) per animal was used for recording. Lastly, randomly sampled sows in the gestation unit were subjected to a human–animal relationship test. Here, a three-point scale (0 = no fear response, 1 = light fear response, 2 = strong fear response) was applied. A detailed description of the exact performance of these tests can be found in the protocol (Welfare Quality®, 2009). Moreover, further details on data collection/farm types are described in Friedrich et al. (2019a).



Data Processing and Statistical Analysis

Data processing and statistical analysis were performed using the statistical software SAS® 9.4 (SAS Institute Inc, 2008). All data were analyzed at farm visit level and therefore converted to percentage values. The analysis at farm visit level was conducted since the animals observed were part of a randomly chosen sample. In addition, different numbers of animals were observed in the QBA and the instantaneous scan sampling due to different group sizes on the different farms. For this, the mm scores of the QBA were divided by the total length of the scale (125 mm) to receive a comparable percentage value. The number of animals performing distinct behavior in the instantaneous scan sampling was divided by all animals under assessment showing active behavior to calculate the proportion of the total active behavior. The percentage of animals in a category during a farm visit was calculated for the assessment of stereotypies and the human–animal relationship test (e.g., farm 1, farm visit 1: sham chewing category 0: 90%; sham chewing category 1: 10%; sum = 100%). Further, the resulting variables were modified in such a way that the higher their value, the higher the animal welfare, otherwise the interpretation of opposite variables becomes difficult (O'Rourke and Hatcher, 2013). This means that in variables with more than one level of categorization as, for example, in the human–animal relationship test, only the category describing a high level of animal welfare (category 0, “no fear response”) was included in the analysis. Variables such as “frustrated” from the QBA were included in the analysis as 100—value of variable (“not frustrated”). At this point it should be noted that during the development of the Welfare Quality® protocols concerning the QBA, it was emphasized that not the different adjectives describe animal welfare but the pattern resulting from the combination of adjectives (Wemelsfelder and Millard, 2009). Therefore, the following PCA was carried out using two different approaches considering the QBA. First, the 20 adjectives were used as independent variables as just described, e.g., “tense,” “active”. Second, the QBA was pre-aggregated prior to the implementation of the PCA on sows' behavior. Therefore, the weights and calculation rules defined in the Welfare Quality® protocol for fattening pigs were applied since a calculation rule for sows does not yet exist (Welfare Quality®, 2009). The values obtained for each adjective were aggregated to a weighted sum applying the formula:
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with Nk being the value recorded for a given adjective k in a farm visit and wk being the defined weights for a given adjective k. The weights can be consulted in the protocol itself (Welfare Quality®, 2009) or, for example, in Zhou et al. (2013). Lastly, a score for each farm visit was created from each weighted sum using I-spline function and the following rule: if weighted sum ≤ 0, then score = –(10 × weighted sum) – (1.25 × weighted sum2), if weighted sum > 0, then score = 50 + (11.667 × weighted sum) – (0.55556 × weighted sum2). For better understanding, the aggregated score of the QBA is still referred to as weighted sum in the following. Unlike the other values used in the PCA, the use of the calculation rules for fattening pigs did not result in a percentage value, but a weighted sum of the individual values of the adjectives for each farm visit; this was transformed to a score from 0 to 100. Consequently, the following PCA was applied to 30 variables when the QBA adjectives were used as independent variables. The number of variables was reduced to 11 when the QBA was pre-aggregated using weighted sums.

The dataset was subjected to PCA, which is used for the reduction of variables. PCA requires that several variables are correlated and measure the same construct, which is called redundancy among the variables. Because of this redundancy, it is assumed that the number of observed variables can be reduced to certain principal components, which continue to explain most of the variance in the dataset (O'Rourke and Hatcher, 2013).

The suitability of the dataset for PCA was first verified. A correlation matrix was calculated applying Spearman's rank correlation coefficient since the data were not normally distributed. The correlation matrix is included as Table A in the Supplementary Material. The minimal correlation of 0.30 was achieved for each variable (Hair et al., 1995). In addition, the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy (Kaiser, 1970; Kaiser and Rice, 1974) was calculated using the proc factor statement in SAS (in SAS: msa). The overall KMO measure achieved a value of 0.83 for the dataset using the QBA adjectives as independent variables and a value of 0.58 for the dataset when the QBA was pre-aggregated using weighted sums. In both cases, the values were larger than the required threshold of 0.50 (Hair et al., 1995) thereby confirming that the dataset was suitable for PCA.

PCA is conducted using a sequence of steps, which include somewhat subjective decisions. Therefore, the present study followed the steps presented by O'Rourke and Hatcher (2013) using the proc factor statement in SAS. Since the data were not normally distributed, the correlation matrix applying Spearman's rank correlation coefficient was the starting point for the analyses (input in SAS: type = corr). Prior communality estimates were set to ones (in SAS: priors = one) to create a PCA. The components were extracted by the principal axis method (in SAS: method = prin), which went along with a varimax (orthogonal) rotation (in SAS: rotate = varimax) resulting in uncorrelated components to ease the interpretation of the results. Each of the variables included in the PCA on sows' behavior received a loading between −1.00 and +1.00 on a component. Further analysis was performed again in accordance with O'Rourke and Hatcher (2013). Four criteria had to be fulfilled to determine a component as meaningful:

1. The eigenvalue, also known as Kaiser-Guttman rule (Kaiser, 1960, 1991), which displays the amount of variance mirrored by a given component, was >1.00.

2. In the scree test, which is the plot of eigenvalues associated with each component (Cattell, 1966), the component laid in front of the point of inflection.

3. The component accounted for at least 10% of variance in the dataset. In terms of cumulative variance, the extracted components accounted for at least 70% of the variance of the dataset.

Since it is known that the use of the Kaiser-Guttman rule and the scree plot may overestimate the number of components (Henson and Roberts, 2016), a parallel analysis to determine the number of components was also performed (Horn, 1965). Eigenvalues of random datasets based on the correlation matrix introduced above were calculated with 1,000 iterations and the medians of these simulated eigenvalues were compared to the actual eigenvalues. Components were retained if their actual eigenvalue was greater than the median of the simulated eigenvalue (Williams et al., 2010). Hence, if the actual eigenvalue was higher than the simulated eigenvalue, it can be assumed that the component was in fact underlying in the dataset and did not result from chance (Horn, 1965).

4. Lastly, the following interpretability criteria had to be met in the rotated factor pattern, which O'Rourke and Hatcher (2013) considered most important:

a) At least three variables with a significant loading belonged to a component. Literature claims that two variables are required for a component to be namable (Henson and Roberts, 2016).

b) O'Rourke and Hatcher (2013) suggested interpreting loadings as significant if they were greater than 0.40 or smaller than −0.40. However, due to the small sample size of the present study, loadings were only interpreted as significant if they were greater than 0.70 or smaller than −0.70 (Budaev, 2010).

c) The variables within a component shared the same construct. In contrast, variables of different components were based on different constructs.

d) The rotated factor pattern demonstrated “simple structure”, which means that variables that had high loadings on one component possessed loadings near zero on other components.

Finally, it was identified what the variables of a component had in common and an overall label was determined for the component (O'Rourke and Hatcher, 2013).




RESULTS

Table 2 displays the minimum, maximum and median values recorded for the variables of the behavioral indicators of the 85 farm visits. The values of the adjectives of the QBA ranged from 0 to 100%. The occurrence of social behavior during the scan samplings was rare. Most animals that were not resting were sorted in the category “other active behavior” (e.g., walking). Sham chewing and tongue rolling were the stereotypies most frequently observed. The absence of fear responses again ranged from 0 to 100% so that in some farm visits all animals showed a fear response, in others none. Table 2 further includes the descriptive statistics for the pre-aggregated QBA using weighted sums.


Table 2. Minimum, maximum and median values (%) of the variables included in the PCA on sows' behavior.
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In the analysis of sows' behavior using the QBA adjectives as independent variables, seven components had an initial eigenvalue of greater than 1.00. The values ranged from 1.05 to 11.3. However, the scree test showed a point of inflection between components 4 and 5. Further, only the first three components accounted for more than or ~10% of variance. The parallel analysis confirmed these results. The actual and simulated eigenvalues can be examined in Table B of the Supplementary Material. In this regard, three components were used as the starting point of the PCA. The number of components was then reduced in order to obtain the best possible PCA for interpretation. The solution with three components did not present at least two significant loadings on each component, thus it did not comply with item 4a of the interpretability analysis explained above. In contrast, the solution using two components fulfilled item 4a of the interpretability analysis. The solution using two components showed variables of the same component measuring the same construct and variables loading on different components measuring different constructs and therefore complied with the “simple structure” as defined in item 4d of the interpretability analysis. The two components explained 51.0% of the dataset's variance (component 1: 37.6%, component 2: 13.5%). The whole PCA procedure was repeated with QBA aggregated applying weighted sums. Here, three components had an eigenvalue of greater than 1.00 (range 1.26–3.63) in the first analysis. These three components explained more than or ~10% of variance each. A point of flexion between components 3 and 4 in the scree test confirmed these findings. Parallel analysis suggested two components as underlying in the dataset beyond chance (Table B in Supplementary Material). Having a higher threshold of 0.70, the solution using two components did not completely fulfill item 4b of the above defined interpretability analysis. However, the loadings were close enough to 0.70 to be interpreted as significant. The remaining two components of this approach explained 48.3% of the dataset's variance (component 1: 33.0%, component 2: 15.3%). The variables' loadings of both approaches can be seen in Table 3.


Table 3. Loadings on detected components 1 and 2 (C1, C2) of the variables of the behavioral indicators in the rotated factor pattern of the PCA on sows' behavior.
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Using the QBA adjectives as independent variables, component 1 was characterized by positive loadings of the variables absence of sham chewing, absence of tongue rolling and use of enrichment material. Adjectives such as “enjoying” or “not frustrated” loaded positively on component 1 as well. Component 2 contained positive loadings of the adjectives “not agitated”, “calm” and “not lively”. The results remained similar when the QBA was pre-aggregated to a weighted sum. Here, component 1 was characterized by positive loadings of the variables applied to assess stereotypies and the use of enrichment material. Component 2 was described by negative loadings of positive social behavior and positive loadings of absence of negative social behavior and absence of other active behavior. To better illustrate these relationships, the component loadings achieved by the variables of the behavioral indicators in the rotated factor pattern of the PCA on sows' behavior are shown in graphical form in Figure 2.
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FIGURE 2. Loadings on detected components 1 and 2 (C1, C2) of the variables of the behavioral indicators in the rotated factor pattern of the PCA on sows' behavior, compromising (A) solution with adjectives of the Qualitative Behavior Assessment (QBA) as independent variables, (B) solution with adjectives of the QBA pre-aggregated using the weights and calculation rules defined in the Welfare Quality® protocol for fattening pigs (Welfare Quality®, 2009).




DISCUSSION

In their study on main welfare issues, Munsterhjelm et al. (2015) indicated that when determining principal components, the biological plausibility of the constructs according to scientific knowledge, but also common sense, should be taken into account. Hence, the results of the present study are discussed in comparison to current literature to ensure the plausibility of the components.

Two principal components could be revealed when the adjectives of the QBA were used as independent variables. These two components accounted for 51.0% of the total variance. Component 1 included positive loadings of the absence of sham chewing, the absence of tongue rolling and the use of enrichment material. Further, it was associated with positive loadings of adjectives such as “enjoying” or “not frustrated”. Component 1 describes the use of enrichment material while not performing “abnormal behavior” such as stereotypies and is further connected to adjectives describing a positive animals' mood such as “enjoying” or “not frustrated”. Stereotypies are defined as repeated, unaltered, and non-functional behaviors and can be associated with stress and compromised welfare (Mason, 1991). Therefore, the absence of stereotypies was added to the analysis which aimed at presenting indicators of high animal welfare.

Pigs have a strong urge to explore and spend a large proportion of the day looking for food, i.e., rooting, in nature (Bracke and Hopster, 2006). Therefore, access to appropriate enrichment material is important. In rearing pigs, a direct link between the use of enrichment material and the absence of stereotypies has been demonstrated (Casal-Plana et al., 2017). This is also reflected in component 1 of the present study. The presence of enrichment material encourages the animals to follow their natural exploratory behaviors, which is necessary to ensure animal welfare in pigs (Studnitz et al., 2007). Having in mind the natural motivation of pigs to explore, it seems likely that the use of enrichment material is accompanied by body language signals such as “enjoying” or “not bored”. Similar to the results of the present study, studies in fattening pigs have identified a component containing the adjectives “happy” and “positively occupied” (Mullan et al., 2011; Temple et al., 2011, 2013; Munsterhjelm et al., 2015).

Component 2 was characterized by positive loadings of the adjectives “not agitated”, “calm” and “not lively”. Thus, component 2 is characterized by a low state of arousal. In their natural environment, pigs are highly social animals and form stable groups (Stolba and Wood-Gush, 1989). Positive interactions have been proven to result in physiological processes that are perceived as beneficial (Panksepp and Burgdorf, 2006). Moreover, positive social behavior reduces the effect of stressful impacts, so-called “social buffering” (Kikusui et al., 2006), which has been identified in for instance sheep (Porter et al., 1995) and cattle (Mounier et al., 2006). Copado et al. (2004) found that non-agonistic interactions between pigs occurred especially in inactive or resting animals. This is consistent with the finding that pigs come together in a large group especially for resting (Rodríguez-Estévez et al., 2010). In sum, the components could be labeled as (1) “satisfaction of exploratory behavior” and (2) “social resting” and are plausible from a biological point of view. In this context, it is important to note that the first component always explains the largest proportion of the variance in the dataset according to the definition of PCA (O'Rourke and Hatcher, 2013).

One of the Welfare Quality® protocol's behavioral indicators, the human–animal relationship test, did not significantly load on the components detected but only achieved loadings of 0.13 and 0.03, respectively. Hence, taking into account the fact that the Welfare Quality® protocols have been criticized for their lack of feasibility (Friedrich et al., 2019b), it may be possible to reduce the Welfare Quality® protocol for sows and piglets by eliminating this indicator.

As explained above, not necessarily the adjectives of the QBA themselves, but their pattern is intended to describe the behavior and body language of the animals (Wemelsfelder and Millard, 2009). Therefore, the QBA was pre-aggregated to weighted sums following the calculation rules for fattening pigs (Welfare Quality®, 2009). The corresponding weighted sums were used for the subsequent PCA on sows' behavior instead of the QBA adjectives. As a result, the variance explained slightly decreased to 48.3%. Literature has claimed that the resulting principal components should be able to explain between 70 and 80% of the total variance even though these values have been discussed as subjective and arbitrary (O'Rourke and Hatcher, 2013). Nevertheless, variance did not achieve these values in the present study. Thus, taking into account the small sample size, further studies are necessary to confirm the results of the present study. However, it is also possible that the behavioral indicators of the Welfare Quality® protocol do not cover all aspects of sows' behavior, resulting in only a fraction of the variance being explained. For example, Krugmann et al. (2019) mentioned other indicators (e.g., play behavior, body language signals) that can be used to indicate an influence on the animals' positive affective state. This was measured by the QBA in the present study.

The solution with the pre-aggregated QBA was comparable to the solution outlined above. Again, the two components could be labeled as (1) “satisfaction of exploratory behavior” and (2) “social resting”. In contrast to the solution using the adjectives of the QBA as independent variables, component 2 of the solution with pre-aggregated QBA included negative loadings of positive social behavior and positive loadings of the absence of negative social behavior and the absence of other active behavior, thus, non-active social behavior.

The pre-aggregated QBA did not reach the threshold for significant loadings with a loading of 0.49 on the first component. This seems reasonable since aggregating the QBA it measures whether the welfare on a farm is high, i.e., whether an animal is satisfying its natural exploring behavior and has high welfare, measured by both components detected. Still, an anthropocentric assessment of emotions in animals cannot be ruled out: the results of the present study indicate that one observer scored an animal using enrichment material and not performing abnormal behavior as content while being free from boredom. The validity of the QBA has already been questioned in pigs (Czycholl et al., 2017; Friedrich et al., 2019a, 2020c). Further, subjectivity of the QBA has also been addressed in other studies (Wemelsfelder et al., 2009, Bokkers et al., 2012, Tuyttens et al., 2014). Hence, given the potential subjectivity of the QBA and the discussed lack of feasibility (Friedrich et al., 2019b), it may be possible to reduce the Welfare Quality® protocol for sows and piglets by the QBA.

In conclusion, the two components extracted were able to mirror behavioral patterns that are performed in a natural environment and are beneficial to the animals (Bracke and Hopster, 2006). Using the components found, it would subsequently be possible to calculate component scores (O'Rourke and Hatcher, 2013). There is currently only one aggregation for fattening pigs and none for sows in the Welfare Quality® protocol for pigs (Welfare Quality®, 2009). The data could be aggregated via component scores in order to enable a feasible comparison for instance between farms or to be used for labeling purposes.

In addition, the present study highlighted the importance of direct observations of behavior using instantaneous scan sampling. These observations were able to identify two important components of sows' behavior, exploratory behavior and social interactions. Direct behavioral observations using instantaneous scan sampling have proven to be feasible and reliable in studies on both fattening pigs and sows (Czycholl et al., 2016a,b; Friedrich et al., 2019a, 2020c). Their use is therefore highly recommended for the objective assessment of animal welfare in pigs in general and in sows in particular.

The present study's data collection was carried out on 13 farms. Repeated farm visits to each farm were considered independent since animals rotated within the farm due to the production cycle or because animals left or entered the farm due to replacement. The resulting 85 farm visits could be seen as only a small sample size. However, the tests for suitability of the dataset performed beforehand (Spearman's rank correlation coefficient, KMO measure) and the verification of the number of components using parallel analysis confirmed the validity of the analysis. Moreover, significant components could be obtained even with a small dataset.

The farms participating in the present study were selected with the aim of maximizing inter-farm variability. Nevertheless, it cannot be ruled out that none of the farms exhibited animals performing “appropriate behavior” as classified by Welfare Quality®. On the other hand, it is possible that the farms included were a sample of farms with higher welfare since participation was voluntary. However, as there is no reliable gold standard to measure the latent variable “appropriate behavior”, the present study is a starting point to describe on-farm behavior in sows.



CONCLUSION

The present study emphasized the importance of objective behavioral indicators to assess welfare in sows. In this context, instantaneous scan sampling is particularly noteworthy. On the other hand, the importance of the variables QBA and the human–animal relationship test are questionable, especially in line with feasibility. However, as not all variance could be explained, it can be hypothesized that some important behavioral aspects are not captured by the Welfare Quality® protocol at present. The results of the present study can be used to improve the feasibility of the protocol assessment since PCA contributes to a reduction in variables but can also be applied for the calculation of component scores to develop an aggregation of the variables. This in turn may increase comparability between farms and thus contribute to animal welfare on-farm.
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