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Abstract
Although good animal health and welfare (AHW) is an explicit goal of organic livestock farming, several recent studies indicate that this is not always achieved and may be at risk, however, comprehensive assessments of organic dairy farming across European countries have not been carried out so far. 

The European research project CORE Organic ANIPLAN aimed at reducing the use of allopathic medicine on organic dairy farms through AHW planning. In the course of this project, an AHW assessment protocol which was based on a prototype version of the Welfare Quality® protocol for dairy cattle was applied on in total 147 farms in seven countries. This paper (1) gives a comprehensive overview of the baseline health and welfare situation of organic dairy farms in seven European countries, (2) identifies areas for improvement following the first-level Welfare Quality® aggregation and evaluation approach, and (3) discusses the applied assessment scheme with regard to feasibility in different dairy farming conditions. 

The results confirm earlier findings in the literature regarding mean prevalences and incidences of assessed AHW parameters, as well as variation between farms. Main areas of concern identified by the Welfare Quality® approach were lameness and alterations of the integument across all countries. Poor body condition was identified as an area of improvement in the Netherlands and the United Kingdom. In Austria and Switzerland at least 30% of farms exceeded thresholds regarding the incidence of agonistic social behaviours. In all countries except Switzerland and Norway this was also the case for measures of human-animal relationship. 

With regard to feasibility of the assessment scheme, several constraints (e.g. lower level of precision in the estimation of prevalences in larger-scaled farms) and limitations (e.g. round feeders not allowing avoidance distance tests at the feeding place) emerged in the course of the on-farm implementation. 
However, the information gathered from the assessment scheme provides a comprehensive overview on the AHW situation on individual farms and therefore appears to be a suitable source of information in the process of AHW planning.
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1. Introduction

Good animal health and welfare (AHW) is an explicit goal of organic livestock farming (IFOAM, 2006). This should primarily be achieved through good management, including the use of appropriate breeds, feeding and management practices (CEC, 2007). Several studies have shown that production diseases such as lameness, mastitis or metabolic disorders, play a considerable role in organic dairy production (Brinkmann and Winckler, 2005; Hamilton et al., 2006; Hardeng and Edge, 2001; Reksen et al., 1999; Weller and Bowling, 2000), thus demonstrating a need for innovative improvement strategies in organic livestock farming (Hovi and Vaarst, 2001 and Hovi et al., 2004).

The first step to improvement is the proper assessment of the current AHW situation on-farm (Atkinson and Neale, 2007; Whay, 2007). As AHW comprises the physical state of an animal as well as its mental health and the ability to carry out normal behaviour patterns (Duncan and Fraser, 1997; Webster et al., 2004), its assessment requires a multifaceted approach. Earlier concepts, such as the Animal Needs Index (Bartussek, 1999) focused on resources and management provided to the animals (e.g. stall dimensions or stocking density), which can easily and reliably be applied on farm (Bracke, 2007; Johnsen et al., 2001). However, the validity of resource-based assessment schemes in terms of measuring the real impact of housing systems on the animals is questionable. Preconditions for AHW are measured rather than the real impact of housing systems on the animals (Hörning, 2001; Whay, 2007). More recent developments follow the basic assumption that proper assessment systems should be based on animal-related measures (e.g. social behaviour, body condition, integument alterations; Blokhuis et al., 2003; Keeling, 2005; von Borell and Sørensen, 2004) because these directly reflect how the animals are affected by their environment. 

The difficulties and constraints of different approaches to on-farm welfare assessment have been investigated and discussed in recent years (Bracke, 2007; Johnsen et al., 2001; Knierim and Winckler, 2009; Waiblinger et al., 2001) and development of such assessment tools is still ongoing. For feasibility and validity reasons, concepts currently developed favour a reasonable combination of both resource-based and animal-based measures (e.g. Welfare Quality®) in order to investigate and reflect the animals’ welfare state. Furthermore, combining AHW assessment with advisory purposes regarding the prevention or control of health and welfare problems, both animal- and resource-based measures are of importance (Main et al., 2003; Waiblinger et al., 2001; Whay, 2007; Webster et al., 2004). Animal-based measures are required for the identification of health and welfare problems on individual farms, while resource-based measures allow for the identification of risk factors and weak points of the production systems. 

The identification of problems also requires an evaluation of the situation by applying appropriate thresholds or intervention levels. Approaches to evaluation are usually based on expert opinion. For example, Whay et al. (2003) identified intervention levels for single measures of AHW by asking a group of experts. However, other authors applied different aggregation strategies in order to integrate information gathered at the single measures level (Bartussek, 1999; Bracke et al., 1999a; Capdeville and Veissier, 2001; Welfare Quality®, 2009). AHW being a multidimensional concept, the design of such strategies involves numerous challenges and constraints, such as different precision of measures or weighting of measures that contribute to the overall welfare assessment (Botreau et al., 2007a; Botreau et al., 2007b; Bracke et al., 1999b). One of the most recent systems accomplishes aggregation at three levels (measures, criteria, principle) finally resulting in an overall welfare score (Botreau et al., 2009). However, the identification of problem areas in single measures is related to the first level of aggregation within this approach (Botreau et al., 2007a).

The present study was carried out in the course of a European research project (CORE Organic ANIPLAN), which aimed at reducing the use of allopathic medicine on organic dairy farms through animal health and welfare planning. An AHW assessment protocol comprising both animal-based and resource-based measures was used as the basis for an AHW planning process as described in detail in Vaarst et al. (submitted). 

The objectives of the present paper are (1) to give a comprehensive overview of the health and welfare situation of CORE Organic ANIPLAN dairy farms in seven European countries and (2) to identify areas for improvement following the first-level Welfare Quality® aggregation and evaluation strategy. (3), the applied assessment scheme is discussed with regard to on-farm feasibility under different dairy farming conditions. All these objectives focus on the assessed animal-based measures. 
2. Material and Methods
2.1. Study design and farms

This study was carried out on altogether 147 organic dairy farms in seven European countries (n=6-39 farms; Table 1) during the winter housing period 2006/2007 (Germany), 2007/2008 (Austria, Switzerland, Denmark, the Netherlands, the United Kingdom) and 2009/2010 (Norway). The Swiss, German and Dutch farms had already participated in a research network related to health issues. British farms were recruited via two organic milk producer co-operatives and were located in three different areas of the country. Norwegian farms were recruited through personal contact in cooperation with local advisors and were located in Middle and Northern Norway. Austrian and Danish farms were contacted using a membership list of a national organic farming association and an organic producer group, respectively. The criteria for the selection of farms varied between countries. In Austria, for example, only loose housed herds with more than 20 dairy cows were included in the study. The overall selection criterion was the farmers’ willingness to actively take part in an animal health and welfare planning process. 

The herds were mainly cubicle-housed; few were kept in deep litter systems and three Norwegian farms had tie stalls. In Switzerland, all farmers provided access to an outdoor loafing area as well as to pasture. The latter was also available to all herds in Denmark, the Netherlands, Norway and the United Kingdom, whereas in Austria only 46% of the herds had access to pasture (Table 1).
(Table 1 close to here)
Herd size varied considerably within and between countries with large-scale farms mainly in the United Kingdom and Denmark and smaller farms in Norway and Switzerland (Table 1). In all countries, except Austria and Norway, dairy type breeds, predominantly Holstein-Friesian, were kept. In Norway all farms kept the dual-purpose breed Norwegian Red, and in Austria, 69% of the herds consisted of dual-purpose breeds (mainly Fleckvieh). In all countries some farmers practised crossbreeding of predominantly Holstein-Friesian cows with a variety of other, mainly national, breeds.

The mean daily milk yield ranged between 19.3 kg in Switzerland and 24.1 kg in Denmark. The mean lactation number was lowest in Norway and Denmark (2.3 and 2.5 lactations, respectively) and highest in Switzerland (3.7 lactations). In Austria, the Netherlands and Germany, the mean lactation number was very similar (3.2, 3.2, and 3.1 lactations, respectively). Milk yield records were not available for British farms.
2.2. Data collection

The assessment protocol used in this study was based on a prototype version of the Welfare Quality® (WQ) on-farm assessment manual for dairy cattle (Welfare Quality®, 2009). It comprised the assessment of human-animal relationship, behavioural observations of the herd and clinical examinations of individual animals during a one-day visit. A brief description of the applied methods is given in Table 2. Regarding body condition, a modified scoring system with a 5-point scale and 0.25 intervals (Metzner et al., 1993; Jilg and Weinberg, 1998) was applied. However, for data analysis the scores were back-transformed in order to match the categories described in the WQ assessment protocol: dairy breeds were scored as ‘too lean’ with a BCS < 2.5 and dual purpose breeds were scored as ‘too lean’ with a BCS < 3.0.
(Table 2 close to here)

There were thirteen observers in total (one to three observers per country; Table 3) who were trained in the course of two training workshops lasting five and three days, respectively. Both training courses were carried out by the same trainers experienced in the WQ on-farm assessment protocol. Inter-observer reliability testing was carried out using video and live observations. Regarding clinical parameters, the prevalence-adjusted Kappa (PABAK) coefficient for agreement between a ‘gold standard’ (an experienced assessor) and observers in training was calculated. Thresholds for acceptable and satisfactory inter-observer agreement were set at 0.4 and 0.6, respectively (Keppler et al., 2004). Inter-observer agreement for behavioural measures (e.g. incidence of agonistic interactions, duration of lying down movements) was tested using Spearman rank correlations between a ‘gold standard’ and observers in training. A correlation coefficient of rs ≥ 0.7 was set as threshold for satisfactory inter-observer agreement (Martin and Bateson, 2007). 

Acceptable inter-observer reliability was reached for all clinical parameters except for the prevalence of hairless patches in the tarsal area (one observer PABAK = 0.10) and cleanliness of the lower hind leg (one observer PABAK = 0.30). Since these deviations were discussed and the meaning of parameter definitions was clarified before the on-farm data were collected, data from all observers were included for analysis (for more details see March et al., 2009). Regarding behavioural parameters, a correlation of rs ≥ 0.7 was achieved by all observers in all parameters. 
(Table 3 close to here)
Depending on the proportion of animals included for clinical examination (Table 3), precision achieved at individual farm level was derived according to Cochran (1977; Table 4).
Sample size for an infinite population ninf:
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where: P = estimated prevalence of ‘infection’ (here: 0.50); Z = degree of confidence in estimate (here: 1.96 for 95% confidence); d = desired absolute precision; and 
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where: nfin = finite population; N = herd size;
Expected deviation from true prevalence was < 0.10 for most of the Austrian, Swiss, Norwegian and German farms, whereas a lower level of precision was reached in countries with larger herds (Denmark and United Kingdom). For further analysis of clinical measures, only data of farms with a maximum deviation of 0.15 (meaning a maximum accepted deviation of +/- 15% between observed and true prevalence) were included. This led to a final data set of 137 to 141 farms depending on the parameter. The same applies to the sample of animals tested for avoidance distance at the feeding rack (remaining data set: 105 farms; data on precision not shown) and the number of lying down events observed (remaining data set: 123 farms; Table 2). 
(Table 4 close to here)
Regarding treatment records and milk recording data, data covering 12 months prior to the farm visit were collected and analysed. Milk recording data were provided by different milk recording organisations in each country, except in the United Kingdom. Deviating from the Welfare Quality® protocol, a continuous somatic cell score (Wiggans and Shook, 1987) was calculated instead of the proportion of cows exceeding a certain somatic cell count threshold. Treatment records were derived either from farm records (Austria, Switzerland, Germany, the Netherland and the United Kingdom) or a national central data base (Denmark, Norway). For a more detailed description of the analysis of treatment records and milk recording data see Ivemeyer et al. (submitted). 
2.3. Data analysis

Descriptive statistics of data collected on-farm was carried out using Windows Excel 2003 and SAS 9.2 (PROC FREQ and PROC TABULATE). Treatment and milk recording data were analysed in Windows Excel 2007 and PASW 18.
In a first step, herd level prevalence and incidences were calculated. Subsequently, medians and means were computed for each country.
For the evaluation of the AHW situation, the Welfare Quality® (2009) approach was applied. Briefly, 35 single ‘measures’ (e.g. prevalence of lean cows, prevalence of lame cows) are combined to twelve ‘criteria’ (e.g. absence of prolonged hunger, absence of injuries). These ‘criteria’ are further aggregated to four ‘principles’ (good feeding, good housing, good health and appropriate behaviour), which are finally integrated into an overall welfare assessment of a farm (Botreau et al., 2007a; Botreau et al., 2007b; Welfare Quality®, 2009). 

Aggregation within this study was only carried out at measure level resulting in ‘criterion scores’ (for details see Welfare Quality®, 2009). ‘Criterion scores’ for ‘Absence of prolonged hunger’, ‘Expression of social behaviours’ and ‘Good human-animal relationship’ were calculated using weighted sums and l-spline functions following the WQ procedures. Within the criterion ‘Absence of injuries’ aggregation of measures was only obtained in the form of ‘partial criterion scores’ for ‘Lameness’ and ‘Integument alterations’. All scores were calculated at farm level and in a second step, country medians were computed. The scores reflect the compliance of farms with these criteria in terms of welfare and are ranked on a value scale from ‘0’ to ‘100’ where lower scores indicate poorer welfare (Welfare Quality®, 2009). For the calculation of proportions of farms allocated to different score categories per country, thresholds were set at score levels ‘20’, ‘50’ and ‘80’ which were assumed to indicate as follows: ‘<20’ – unacceptable level of welfare; ’20 to 49’ – measures need to be taken; ’50 to 79’ – measures should be taken; ’80 to 100’ – no measures need to be taken.

As farm records on treatment incidences and information on milk composition are not part of the WQ scheme, and since somatic cell count data were analysed differently within the present study, an evaluation of these parameters was not carried out.

3. Results

3.1. Clinical parameters

The median proportion of cows with poor body condition was lower than 10% in most countries, except in the United Kingdom (13.0% of animals with poor body condition; Table 5). In Austria and Denmark, the median proportion of animals with poor body condition was zero. German farms displayed the highest variation regarding the proportion of very lean cows (0.0% to 64.1%). 

The lowest median prevalence of lameness was found in Norway (0.0%) and the highest in Denmark (32.5%). With regard to severely lame animals none were found on Norwegian farms. In all other countries, there were also farms without severely lame animals, but the maximum values ranged between 22.5% and 32.0%.

In all countries, the proportion of animals affected by hairless patches in the tarsal area was higher than the proportion of animals affected by lesions and swellings. The prevalence of hairless patches across all countries ranged from 3.3% in Germany to 65.0% in Denmark. Regarding lesions, the lowest prevalence was observed in Germany (2.1%) and the highest in Norway (25.0%). The median proportion of swellings in the tarsal area was rather low across all countries. However, variation within German farms (0.0% to 72.2%) and British farms (0.0% to 56.9%) was substantial.

Regarding cleanliness of the udder, the median proportion of cows classified as dirty was larger than 50% in most countries, except in Denmark (24.0%) and the United Kingdom (45.5%; Table 6). The median proportion of animals with dirty hindquarter ranged from 15.6% (Denmark) to 78.8% (United Kingdom). In all countries except Switzerland (81.8%) and Norway (66.7%) the maximum value for ‘dirty lower hind legs’ within country was 100%. The median prevalence of animals scored as ‘dirty’ in this body area was almost 90%, except in Switzerland (67.4%) and Norway (16.3%).
The median prevalence of ‘other signs of diseases’ was almost 0% across all countries (exceptions: 2.3% and 6.3% of animals with nasal discharge in Switzerland and Austria, respectively; 4.8% and 3.6% affected by ocular discharge in Switzerland and the United Kingdom, respectively). Regarding ocular discharge, a high variation within the Austrian farms (0.0% to 47.1%) and the Swiss farms (0.0% to 38.5%) was found.

3.1.1. Welfare Quality® Scores regarding selected clinical parameters

The median WQ score for ‘Absence of prolonged hunger’ ranged from 39 in the United Kingdom to 100 in Austria and Denmark (Table 5). None of the Danish, Dutch and Norwegian farms was assigned to the score category ‘unacceptable’ (<20) and in Denmark, 90% of the farms were allocated to the score category ‘no measures need to be taken’ (≥80). 

The median WQ scores for ‘Lameness’ ranged from 41 in the Netherlands to 100 in Norway. In Denmark, none of the farms was found in the score category ‘no measures need to be taken’ and 27% of the farms had a score below 20, implying an ‘unacceptable’ situation. In the United Kingdom, two-thirds of the farms were assigned to the score category ’measures need to be taken’. This was the most prevalent score category across all countries, except for Swiss and Norwegian farms. 83% of the Norwegian farms were assigned to the score category ‘no measures need to be taken’. 
The median WQ score for ‘Integument alterations’ was below 50 in all countries (Netherlands: 17, Norway: 17; Austria: 20, Switzerland: 31, Denmark: 33, Germany: 39), except in the United Kingdom (56). Half of the Austrian farms and more than two-thirds of the farms in the Netherlands and Norway were classified as ‘unacceptable’. In Switzerland, Denmark, the Netherlands and Norway none of the farms was assigned to the score category ’no measures need to be taken’. 

(Table 5 and 6 close to here)

3.2. Behavioural observations

The variation of ‘duration of lying down events’ was higher within countries than across countries (Table 7). Median duration of lying down events was shortest in Denmark (4.0 sec) and highest in Norway (6.4 sec). 

Furthermore, the median number of agonistic interactions per animal and hour varied considerably across and within countries (Table 7). The lowest number of agonistic interactions was observed in the United Kingdom (0.4 agonistic interactions per animal and hour) and the highest in Austria (1.1 agonistic interactions per animal and hour). The largest variation of farms within country was found in Austria (0.1 to 3.7 agonistic interactions per animal and hour).

Regarding avoidance distance at the feeding rack (ADF), the median of British farms (38 cm) was considerably higher than the median of the other countries (range 5 cm on Swiss farms to 20 cm on Norwegian farms).

3.2.1. Welfare Quality® Scores regarding behavioural measures

The median WQ score for ‘Expression of social behaviours’ (total agonistic interactions) was highest in the United Kingdom and Norway (86) and lowest in Austria (62; Table 7). A low proportion of Austrian (5%) and Swiss farms (7%) and none of the Danish and British farms had a score below 20, implying an ‘unacceptable’ situation. In the United Kingdom, all farms had a score above 50, and 73% of the farms were allocated to the score category ‘no measures need to be taken’.

Variation of WQ score for ‘Good human-animal relationship’ (ADF) was higher within country than between countries (Table 7). The highest score on country level was found in Switzerland (75) and the lowest in Denmark (58). In all countries, except in the United Kingdom, there were no farms classified as ‘unacceptable’. In Denmark and the United Kingdom, no farm was assigned to the score category ’no measures need to be taken’. Across all countries, the highest proportion of farms was found in the score category ’measures should be taken’.

(Table 7 close to here)
3.3. Treatment incidences

Treatment incidences for udder diseases, ketosis, milk fever, reproductive disorders and claw and limb disorders varied considerably between and within project countries (Table 8). The treatment incidence regarding udder diseases across countries ranged from 8.3% (Norway) to 48.4% (Germany). In Austria, Germany and the Netherlands, there were farms without treatments of udder diseases as well as farms with a treatment incidence close to and above 100%, respectively. The treatment incidences for udder diseases were highest in comparison to other disorders.

The median treatment incidence regarding ketosis was 0.0% across all countries, except Norway (1.8%). A high variation was found on German (0.0% to 21.6%) and Dutch farms (0.0% to 21.7%).

Treatment incidence for milk fever was rather low in all countries. The highest treatment incidence was observed in the Netherlands (10.0%). Again a variation of farms within countries was found (Table 8).

The highest treatment incidence regarding reproductive disorders was observed in Germany (18.1%) and the lowest in Norway (0.0%). In all countries, there was at least one farm without any documented treatments regarding reproductive disorders. This was also the case for claw and limb disorders. However, the median treatment incidence of claw and limb disorders was rather low in all countries. A high variation at farm level was given in Austria, Germany, Denmark and the United Kingdom. In Germany, the highest treatment incidence regarding claw and limb disorders (70.0%) at farm level was recorded.

(Table 8 close to here)
3.4. Milk recording data

Norwegian farms (2.44) had the lowest and German farms (3.47) the highest somatic cell score (SCS) at country level (Table 8). Regarding the fat/protein ratio, on average 11.1% of the cows on German farms had a ratio below 1.1, whereas 16.9% had a ratio above 1.5. In contrast, in Norway the mean proportions of cows were 42.6% (fat/protein ratio below 1.1) and 8.8% (fat/protein ratio above 1.5). The lowest proportion of animals per farm with a fat/protein ratio greater than 1.5 was found in the Netherlands (5.0%) followed by Denmark (5.8%) and Switzerland (6.5%).

In Norway, Switzerland and Austria, a mean calving interval below 400 days was found (364 days, 387 days and 395 days, respectively). The mean calving interval in Denmark was 401 days, in Germany 404 days and in the Netherlands 420 days.

4. Discussion

4.1. Design of the study

To our knowledge, this is the first study applying a comprehensive AHW assessment protocol mainly consisting of animal-related parameters on organic dairy farms across different European countries and under diverse farming conditions. The project was set up as an intervention study with voluntary participation. Awareness of animal health and welfare issues and the willingness to actively implement changes in order to improve the health and welfare situation were the criteria all participating farms had in common. The sample of farms is not necessarily representative for organic dairy production within the seven countries. It does not allow for a direct comparison of countries and therefore no tests for statistical difference between countries have been carried out. 

Assessments were based on the recently developed Welfare Quality® (2009) approach, which on a scientific basis provides a comprehensive picture of the AHW situation on-farm (Knierim and Winckler, 2009). Besides health-related issues (e.g. injuries, mastitis incidence, somatic cell count measures), the assessment protocol also includes parameters which cover aspects other than physical state (e.g. human-animal relationship, social behaviour). Modifications of the original version of the assessment tool were made in order to support the advisory activities in the process of animal health and welfare planning which followed the initial AHW assessment reported here. For example, body condition was assessed using a 5-point scale and 0.25 intervals to gain detailed information on the nutritional state of the animals. Furthermore, extensive recording of the management practices and the housing environment was carried out using a questionnaire and a resource checklist, respectively. This information was primarily needed for the identification of risk factors for each individual farm and therefore also contributed to the process of animal health and welfare planning but is not reported here (Vaarst et al., submitted). 

In addition to the WQ protocol, data on treatment incidences as well as information on milk constituents were included in the assessment. Recording of veterinary treatments is compulsory for organic dairy farms all over Europe and therefore such records are accessible. As the quality of records depends on the accuracy of documentation, it is likely to vary between farms and also between countries (e.g. farm records versus central data base). Especially treatment incidences derived from farm records should be interpreted cautiously (Regula et al. 2004; Menéndez Gonzáles et al., 2010) but are the only source of information available for a longer-term evaluation of the health state. Information gained by the milk recording scheme is widely recognised as valid. However, limitations are due to non-participation of farms in a milk recording scheme. This may lead to missing information on somatic cell score and milk composition, as was the case for the British farms within this project which then had to be excluded from this part of the analysis.
Since thirteen different observers were involved in the study, major emphasis was put on classroom and on-farm training using video clips and photographs as well as live observations. Furthermore, inter-observer reliability was assessed to ensure at least satisfactory agreement between observers, as this is often regarded a challenge concerning animal-based measures (Whay, 2007; Martin and Bateson, 2007). Recent studies on inter-observer agreement regarding animal-based measures (Kristensen et al., 2006; Laister et al., 2009a; March et al., 2007; Regula et al., 2004; Windschnurer et al., 2008) as well as the results of the training workshops within this project confirm that satisfactory agreement can be reached with a reasonable amount of training. Lack of inter-observer agreement is therefore not a major obstacle for the inclusion of such animal-based measures in on-farm assessment schemes. According to Knierim and Winckler (2009), improvement in the reliability can be achieved by intensifying training or refining the definitions of parameters. For the few cases of unsatisfactory agreement in this study (two observers with one measure each), potential reasons for deviations were discussed, and therefore acceptable agreement was finally assumed. 
4.2. Health and welfare status of CORE Organic Dairy Farms
All parameters showed a marked variation between farms as well as between countries, thus confirming earlier findings in the literature. In the following discussion, the parameters are grouped in relation to the health and welfare issue they address (feeding/metabolism, udder health, fertility, lameness, alterations of the integument, cleanliness and behavioural aspects).

With regard to ‘feeding/metabolism’, the proportion of lean cows in the United Kingdom in this project was in a similar order of magnitude (13.0% of cows) as reported by Rutherford et al. (2009; 18.9%). Regarding proportion of lean cows in Austria (0.0%), Denmark (0.0%), Norway (2.0%), Switzerland (4.8%) and Germany (5.0%), similar findings were reported by Trachsel et al. (2000) and Huxley et al. (2004; mean of 3% and a median of 2.8% of cows with a body condition score < 2, respectively, according to the scoring scheme of Edmondson et al. (1989)). This rather low prevalence of cows with poor body condition corresponds to the low median treatment incidences of ketosis found across all countries (medians of all countries 0.0%, except Norway with 1.8%). A similarly low incidence of clinical ketosis (0.7%) was reported by Weller and Bowling (2000). However, a high variation within farms was found in Germany (0.0% to 21.6%) and the Netherlands (0.0% to 21.7%). A milk fat/protein ratio above 1.5
 is thought to indicate an imbalanced energy supply (Heuer et al., 2000) and was found in 16.9% of the animals at farm level in Germany. This number was almost twice as high as in Austria and Norway and three times as high as in the other countries. In contrast, the proportion of animals showing a fat/protein ratio below 1.1
, indicating a risk of acidosis at herd level (Bramley et al., 2008), was lowest in Germany (11.1%) and at least twice as high in the other project countries. Regarding milk fever, the highest treatment incidence was found in the Netherlands (10.0%). In the other project countries, the incidence was low and comparable with results from Weller and Bowling (2000; 4.4%). 

Treatments of udder diseases accounted for the major part of all treatment incidences. No distinction was made between treatments of mastitis and application of antibiotics for ‘drying off’, which, according to the organic regulation (CEC, 2007), is only legitimate after positive laboratory diagnostic findings. Apart from that, it was not clear in some cases whether mastitis was treated in late lactation or cows were ‘dried off’ using antibiotics. Using the same definition of udder treatments, Weller and Bowling (2000) reported an average treatment incidence of 34.7% of the cows. In this study, the highest incidence (48.4%) was recorded on German farms, the lowest (8.3%) on Norwegian farms. Swiss farms had a comparably low treatment incidence as Norwegian farms (10.2%), but they participated in an extension project on udder health (Ivemeyer et al., 2008; Ivemeyer et al., 2009). All other studies regarding udder health report lower incidences but ‘dry-off’ treatments were not included in the analysis. For instance, Hardeng and Edge (2001) found an incidence of 14.0% and Hamilton et al. (2006) an incidence of 9.1% for treatments of clinical mastitis on organic dairy farms in Norway and Sweden, respectively.

The mean somatic cell score (SCS), a continuous variable widely recognised as a good indicator for udder health and mastitis control (Gay et al., 2007; Wiggans and Shook, 1987), of Austrian (2.80) and Swiss (2.75) farms was similar to the results of a Swiss study by Bielfeldt et al. (2004; 2.69). Gay et al. (2007) reported a SCS of 3.05 on French dairy farms. In both studies, data was mainly obtained from conventional dairy farms. In Germany, Denmark and the Netherlands, the SCS was considerably higher (3.47, 3.35 and 3.29, respectively) and in Norway considerably lower (2.44). 

Calving interval and treatment incidence of reproductive disorders were used as measures of fertility. The calving interval ranged between 364 days in Norway and 420 in the Netherlands. Garmo et al. (2010) found a calving interval of 376 days in organic dairy herds in Norway. A longitudinal study on organic dairy farms in the Netherlands between 1990 and 2001 revealed a calving interval of 404 days in 2001 (Nauta et al., 2006). In the present study, the Dutch project farms showed a considerably higher inter calving period (420 days). Reproductive disorders were the second most treated disorders, except in Norway. The frequency of fertility-related diseases and disorders is very low in the Norwegian Red population (Heringstad, 2010). However, the highest treatment incidence was observed on German farms (18.1%).
The median proportion of lame animals was 0.0% on Norwegian farms. This might be due to the sample of farms and the fact that half of the assessed farms were tie stalls. Assessment in the stall is likely to underestimate the herd prevalence of lameness revealed by locomotion scoring by about 27% (Leach et al., 2009a). In Switzerland and Germany the median proportion of lame animals was comparably low (10.8% and 13.1%, respectively). However, it has to be taken into account that German farms had already participated in a lameness intervention study (Brinkmann and March, 2011) and Swiss farms had previously been involved in an udder health extension project which also included the claw trimming status of the cows. The highest lameness prevalence (32.5%) was found on Danish organic dairy farms. A comparably high number of lame animals at herd level was not reported by any other study on organic dairy farms. Rutherford et al. (2009) found a lameness prevalence of 16.0% in cubicle-housed organic dairy cows and 9.0% in deep-litter-housed organic dairy cows during the winter housing period in the United Kingdom. In other studies on lameness in organic dairy herds (Brinkmann and Winckler, 2005; Huxley et al., 2004; Weller and Bowling, 2000) a lameness prevalence of 17.6% to 24.2% irrespective of the housing system was observed. The lameness prevalence in the project countries, except Denmark, is therefore comparable with other published findings. 

Regarding alterations of the integument and cleanliness, to our knowledge no other study on organic dairy farms applied a comparable methodology. There is a broad variety in schemes used for the assessment and classification of skin alterations which renders comparisons difficult (Schulze Westerath et al., 2009). This also applies to the assessment of cleanliness in different body areas (Leach et al., 2009b). 

High percentages of animals were classified as dirty in the udder area (e.g. 75.0% in Norway) as well as in the hindquarter area (e.g. 78.8% in the United Kingdom) and the lower hind legs (e.g. 91.5% in Germany). Since the general impression of observers regarding the hygienic situation on the farms revealed a different picture, it at least appears to be questionable whether the definitions used for the assessment are appropriate. The thresholds for classifying an animal as dirty either in the lower hind legs, the hindquarter area or the udder are quite low. With regard to the first two body regions, an area covered with plaques of dirt amounting to the size of a palm of a hand leads to the classification ‘dirty’. Regarding the udder, the same definition was applied with the addition of any minor splashing on and around the teats. Minor splashing of teats may develop easily and it remains unclear to what extent it effects the animal.

Behavioural aspects with regard to AHW covered within this study included duration of lying down events, the occurrence of agonistic interactions and a measure of human-animal relationship. The duration of lying down as an indicator of cow comfort around resting was lowest in Denmark (4.0 sec), where animals were predominantly housed in cubicle barns, and approximately one quarter of the farms provided a deep-litter system. The distribution of housing systems was similar in Switzerland, the Netherlands and the United Kingdom with longer durations of lying down events. However, in other studies using a comparable definition (Brörkens et al., 2009; Wechsler et al., 2000) a range of 4.6 sec to 5.5 sec was observed. The type of lying area in these two studies was cubicles; data for organic farms were not separately reported. With regard to Norway (6.4 sec) the highest median duration of lying down events was found, however including data from tie stall systems.
Data on behavioural observations regarding agonistic interactions were only available for five countries. In Austria (1.1 agonistic interactions per animal and hour) and Switzerland (0.9 agonistic interactions per animal and hour), the same level of agonistic interactions was observed, whereas in Denmark, Norway and the United Kingdom (0.7, 0.5 and 0.4 agonistic interactions per animal and hour, respectively) a lower level was recorded. Laister (2009b) applied the same observation scheme on altogether 93 both conventional and organic dairy farms in Germany, Austria and Italy and found a median of 1.3 agonistic interactions per animal and hour. 

The human-animal relationship assessed by the avoidance distance of the animals toward an unknown person at the feeding rack was rather low in all project countries (medians range from 8 cm in Austria to 38 cm in the United Kingdom). Applying the same test on 16 Austrian dairy farms, Windschnurer et al. (2008) found a median avoidance distance of 10 cm. Similar results were reported by Waiblinger et al. (2003) and Mülleder et al. (2003). Farms assessed in the cited studies were family-run and had small to middle-sized herds. The same applies to project farms in Austria, Switzerland, Norway and Germany. Danish and British project farms had larger herds and also had a higher median avoidance distance (19 cm and 38 cm, respectively). However, the only study investigating the effect of herd size on the avoidance distance of cows did not find such an effect (Waiblinger et al. 2003). 

4.3. Evaluation of the status of health and welfare of CORE Organic Dairy farms

In addition to describing the AHW state, an evaluation using the Welfare Quality® (2009) approach in order to identify areas of concern was included in the scope of this study. Since the identification of problem areas in single measures is linked to the first level of aggregation within the approach (Botreau et al., 2007a), selected criterion scores were calculated. For further interpretation we also introduced – to some extent arbitrary – thresholds for the classification of problem levels. 

The evaluation revealed that with regard to ‘Absence of prolonged hunger’, especially British farms were classified as either ‘unacceptable’ (18%) or ‘measures need to be taken’ (41%). In the Netherlands, half of the farms were classified as ‘measures need to be taken’. Poor body condition is an indicator showing that the energy needs of the animal have not been met by the dietary energy supply and/or that the animal is suffering from diseases (e.g. internal parasites). Large loss of body condition, especially during early lactation, results in metabolic distress and may be associated with poor fertility (Pryce et al., 2001) and problems in udder health (Klocke et al., 2007). Since organic dairy farming aims at self-sufficiency of feed and resources of energy-intake are often limited, feeding management is of particular importance. Additionally, Weller and Bowling (2004) showed that high genetic merit Holstein-Friesian cows suffer from energy deficiency in early lactation in a study carried out on British organic dairy farms. The predominant breed in the United Kingdom and the Netherlands was Holstein-Friesian cows but as the genetic merits of these herds are not known, such a conclusion cannot be drawn for the present study. 

With regard to ‘Lameness’, on about 70% of the farms across all countries measures either ‘need to be taken’ or ‘should be taken’ except in Norway. In about 80% of the Norwegian farms ‘no measures need to be taken’. The same applies only to one third of the Swiss and the British farms. These results correspond to findings in the literature where lameness is stated as an area of concern not only in conventional dairy farming but also in organic dairy farming (Emanuelson and Fall, 2007). However, lameness prevalence is usually lower on organic farms due to more extensive production systems (Rutherford et al., 2009). Since lameness has a multi-factorial aetiology, the specific combination of risk factors present on a farm might cause the strongest impact (Dippel et al., 2009). Identified risk factors are related to housing conditions (deep-litter versus cubicle housing – Haskell et al. 2006; Rutherford et al., 2009), lying comfort (Dippel et al., 2009; Espejo and Endre, 2007), cleanliness and slipperiness of flooring (Bell et al., 2009; Dippel et al., 2009) and management practices (access to an outdoor run / pasture – Hernandez-Mendo et al., 2007; Regula et al., 2004), regular claw trimming and nutrition (Manson and Leaver, 1988). Significant correlations also exist between lameness and injuries at the joints, such as lesions and swellings (Haskell et al., 2006; Whay et al., 2003). 

Also ‘Alterations of the integument’ were found as an area of major concern in the present study. In Switzerland, Denmark, the Netherlands and Norway, there was no farm where ‘no measures need to be taken’. 83% of the Norwegian farms, 67% of the Dutch farms and half of the Austrian farms were even ‘unacceptable’ regarding this parameter. Integument alterations have also been described by Busato et al. (2000) as an issue relevant to AHW. Basically, there are three groups of factors which cause alterations of the integument: housing equipment being the most important factor (Groth, 1985), actions of pen mates (especially in horned cows; Menke et al., 1999) and ectoparasites (Rosenberger, 1970). 

Regarding the criteria ‘Expression of social behaviours’ and ‘Good human-animal relationship’, the present study is the first attempt to carry out an evaluation of these AHW issues on a larger-scale basis. Applying score categories revealed that none or a very low proportion of farms was classified ‘unacceptable’. In about one third of the Austrian and Swiss farms, ‘measures need to be taken’ with regard to the criterion ‘Expression of social behaviour’. Since agonistic interactions are a fundamental part of dairy cows’ behaviour to establish and maintain social structures within the herd, only an increased incidence may indicate an unpleasant and stressful situation (e.g. introducing new individuals in a resident group (Albright and Arave, 1997)) and can lead to injuries (Menke et al., 1999). 

Regarding ‘Good human-animal relationship’, in about one third of the farms across all countries, except in Switzerland and Norway, ‘measures need to be taken’, and in more than half of the farms across all countries, except in Germany, ‘measures should be taken’. The criterion is assessed by testing the animals’ avoidance distance toward an unfamiliar person at the feeding rack. An early avoidance reaction might indicate negative experiences of the animal during handling (e.g. during milking). The higher level of fear toward humans can lead to hormonal stress reactions with negative effects on performance and ease of handling that consequently increases the risk of injuries for animal and man during handling (Hemsworth et al., 2000; Mack, 1979).

4.4. Feasibility of the assessment protocol

In the course of the project, several obstacles emerged due to the setup of the assessment protocol as well as limitations caused by housing and management conditions. This led to missing data or even the exclusion of farms from the data set. According to the assessment protocol, the single measures have to be carried out in a certain order. Behavioural measures, such as the avoidance distance test and observations of social and resting behaviour, are performed in the morning after fresh feed has been provided or feed has been pushed up toward the feed rack. These behaviour tests and assessments of spontaneous behaviours have to be carried out without major disturbance of the animals by (external) persons. Consequently, clinical examinations have to be carried out afterwards. In terms of feasibility, it would be less time-consuming to carry out the clinical examinations immediately after the morning milking when cows are locked or at least standing in the feeding rack, since most of the cows are lying and have to be chased up later during the day. On some project farms, the above mentioned order could not be followed due to the daily routines on the farms (e.g. alternative feeding regimes) leading to missing data for social behaviour observations and/or avoidance distance tests.

Regarding the assessment of behavioural parameters, further limitations were mainly related to the design of the barns. For example, in some farms round feeders made it impossible to assess the avoidance distance at the feeding place, and in some old buildings, social behaviour observations were not possible due to a restricted view of the animals.

Regarding clinical examinations, the main constraint was the time required for the assessment. Since clinical examinations have to be carried out in a representative sample, the time spent on the assessment depends to a certain extent on the herd size. The sample sizes suggested by Welfare Quality® (2009) are based on an assumed prevalence of 0.5 for all clinical parameters. Based on this prevalence, an absolute desired precision in terms of a maximum deviation of 0.1 can be reached with the proposed sample sizes. As described in Table 4, this criterion was not met in a considerable number of farms in Denmark, the Netherlands and the United Kingdom due to the fact that it was not possible to assess enough animals within a one-day farm visit. Hence, on the larger farms found in Denmark, the Netherlands and the United Kingdom, obtaining the sample sizes suggested by Welfare Quality® (2009) within the given time frame was hardly possible. This resulted in a lower level of absolute precision reached on some of the farms. For this study, we decided to include all data sets with a level of precision of at least 0.15. Generally, Austrian, Swiss, German and Norwegian farms reached a higher level of absolute precision than Danish, Dutch and British farms. 

However, the fact that the assumed prevalence of 0.5 leads to the largest sample size (Cochran, 1977) should also be taken into account. A lower or higher prevalence of clinical parameters allows for smaller samples, which would have been the case in some parameters presented in the study (e.g. lameness, poor body condition). Therefore, it is likely that even a higher level of precision was actually reached in the single parameters at herd level. 

Besides herd size and the previously mentioned specific order the assessment protocol had to follow, the lack of possibilities to lock animals in the feeding rack for clinical examinations increased the amount of time spent on several farms. One possibility to reduce the time required for the on-farm visit would be the reduction of the sample size. Depending on the purpose, this might be justified if, for example, applied in the course of advisory services. In that case, the identification of a problem is of greater importance than statistical accuracy regarding the estimation of true prevalences. 

Other strategies to reduce the time spent on the assessment would be a reduction in the number of parameters if, for instance, high correlations between parameters can be shown (Whay et al., 2003) or a substitution of animal-based parameters highly correlated with resourced-based parameters (Bracke, 2007) is possible. To date, correlations still remain to be identified (Bracke, 2007) or are not promising (Mülleder et al. 2007).

5. Conclusions

The assessment scheme applied within this project provides comprehensive information on the animal health and welfare situation on-farm and therefore appears to be a suitable source of information in the process of animal health and welfare planning. However, it is not applicable under all farming conditions (e.g. barn layout not allowing for social behaviour observations) and underlies certain limitations (e.g. lower precision in the estimation of prevalences in larger-scale farms). Consequently, there is a need for scientifically sound strategies to improve the on-farm feasibility of such assessment schemes. 

The level of findings and the high variation in the results between as well as within countries do not suggest a reduction of the number of assessed parameters. At the same time, this variation also indicates the potential for improvements which may be achieved. Applying the Welfare Quality® approach in terms of evaluation, the main areas of concern identified across all countries were lameness and alterations of the integument.
With regard to more country-specific animal health and welfare issues, the proportion of animals with poor body condition was identified as an area of improvement in the Netherlands and the United Kingdom. For substantial proportions of farms (≥ 30%) this was also the case in Austria and Switzerland regarding the incidence of agonistic social behaviours and in all countries, except Switzerland and Norway, regarding human-animal relationship. 
Acknowledgements

We thank the participating farmers for their time, interest and sharing of data. The presented study was carried out within CORE Organic, an ERA Network supported by the European Community. The authors gratefully acknowledge the financial support by national funding bodies.

References

Albright, J.L., Arave, C.W., 1997. Aggressive and submissive behaviour. In: Albright, J.L., Arave, C.W. (Eds.), The behaviour of cattle, CAB International, Wallingford/United Kingdom, pp. 59–66.

Atkinson, C., Neale, M., 2007. Animal Health Planning and Animal Health Plans – Concepts, principles and practicalities. In: Proceedings of the 1st CORE Organic ANIPLAN Workshop, Hellevad/ Denmark, 9–12 October 2007, pp. 19–25. 

Bartussek, H., 1999. A review of the animal needs index (ANI) for the assessment of animals’ well-being in the housing systems for Austrian proprietary products and legislation. Livest. Prod. Sci. 61: 179–192.

Bell, N.J., Bell, M.J., Knowles, T.G., Whay, H.R., Main, D.J., Webster, A.J.F., 2009. The development, implementation and testing of a lameness control programme based on HACCP principles and designed for heifers on dairy farms. The Veterinary Journal 180: 178–188.

Bielfeldt, J.C., Badertscher, R., Tölle, K.H., Krieter, J., 2004. Factors influencing somatic cell score in Swiss dairy production systems. Schweiz. Arch. Tierheilkd. 146: 555–560.

Blokhuis, H.J., Jones, R.B., Geers, R., Miele, M., Veissier, I., 2003. Measuring and monitoring animal welfare: Transparency in the food product quality chain. Animal Welfare 12: 445–455.

Botreau, R., Bonde, M., Butterworth, A., Perny, P., Bracke, M.B.M., Capdeville, J., Veissier, I., 2007a. Aggregation of measures to produce an overall assessment of animal welfare. Part 1: a review of existing methods. Animal 1:8: 1179–1187.

Botreau, R., Bracke, M.B.M., Perny, P., Butterworth, A., Capdeville, J., Van Reenen, C.G., Veissier, I., 2007b. Aggregation of measures to produce an overall assessment of animal welfare. Part 2: analysis of constraints. Animal 1:8: 1188–1197.

Botreau, R., Veissier, I., Perny, P., 2009. Overall assessment of animal welfare: strategy adopted in Welfare Quality®. Animal Welfare 18: 363–370.

Bracke, M.B.M, Metz, J.H.M., Spruijt, B.M., 1999a. Overall animal welfare reviewed. Part 2: Assessment tables and schemes. Netherlands Journal of Agricultural Science 47: 293–305.

Bracke, M.B.M, Metz, J.H.M., Spruijt, B.M., 1999b. Overall animal welfare reviewed. Part 1: Is it possible? Netherlands Journal of Agricultural Science 47: 279–291.

Bracke, M.B.M, 2007. Animal-based parameters are no panacea for on-farm monitoring of animal welfare. Animal Welfare 16: 229–231.

Bramley, E., Lean, I.J., Fulkerson, W.J., Stevenson, M.A., Rabiee, A.R., Costa, N.D., 2008. The definition of acidosis in dairy herds predominantly fed on pasture and concentrates. J. Dairy Sci. 91: 308–321.

Brinkmann, J., Winckler, C., 2005. Animal health state in organic dairy farming – mastitis, lameness and metabolic disorders. In: Proceedings of 8. Wissenschaftstagung Ökologischer Landbau – Ende der Nische. Kassel/Germany, 1–4 March 2005, pp. 343–346.

Brinkmann, J., March, S., 2011. Tiergesundheit in der ökologischen Milchviehhaltung – Status quo sowie (Weiter-) Entwicklung, Anwendung und Beurteilung eines präventiven Konzeptes zur Herdengesundheitsplanung. PhD Thesis, Georg-August-University Göttingen, Germany.

Brörkens, N., Plesch, G., Laister, S., Zucca, D., Winckler, C., Minero, M., Knierim, U., 2009. Reliability testing concerning behaviour around resting in cattle in dairy cows and beef bulls. In: Assessment of animal welfare measures for dairy cattle, beef bulls and veal calves, Welfare Quality® Reports No. 11, pp. 7–24.   

Busato, A., Trachsel, P., Blum, J.W., 2000. Frequency of traumatic cow injuries in relation to housing systems in Swiss organic dairy herds. J. Vet. Med. 47: 221–229.

Capdeville, J., Veissier, I., 2001. A method of assessing welfare in loose housed dairy cows at farm level, focusing on animal observations. Acta Agric. Scand., Sect. A, Animal Sci. 30: 62–68.

CEC, 2007. Council Regulation on Organic Livestock Production, 834/2007. Committee of the European Communities, Brussels/Belgium. [Online] Available at: http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2007:189:0001:0023:EN:PDF [Accessed at: 3 November 2008].

Cochran, W.G., 1977. Sampling techniques (3rd ed.). John Wiley & Sons, New York/ USA.

Dippel, S., Dolezal, M., Brenninkmeyer, C., Brinkmann, J., March, S., Knierim, U., Winckler, C., 2009. Risk factors for lameness in freestall-housed dairy cows across two breeds, farming systems, and countries. J. Dairy Sci. 92: 5476–5486.

Duncan, I.J.H., Fraser, D., 1997. Understanding animal welfare. In: Animal Welfare, CAB International, Wallingford/United Kingdom, pp. 19–31.

Edmondson, A.J., Lean, I.J., Weaver, L.D., Farver, T., Webster, G., 1989. A Body Condition Scoring Chart for Holstein Dairy Cows. J. Dairy Sci. 72: 68–78.

Emanuelson, U., Fall, N., 2007: Claw health in organic and conventional dairy herd. In: Proceedings of the 13th International Conference on Production Diseases in Farm Animals, Leipzig/Germany, 30 July–3 August 2007.

Espejo, L.A., Endres, M.I., 2007. Herd-level risk factors for lameness in high producing Holstein cows housed in freestall barns. J. Dairy Sci. 90: 306–314.

Gay, E., Senoussi, R., Barnouin, J., 2007. A spatial hazard model for cluster detection on continuous indicators of disease: application to somatic cell score. Vet. Res. 38: 585–596.
Garmo, R., Waage, S., Sivland, S., Henriksen, B.I.F., Osteras, O., Reksen, O., 2010. Reproductive Performance, Udder Health, and Antibiotic Resistance in Mastitis Bacteria isolated from Norwegian Red cows in Conventioal and Organic Farming. Acta Vet. Scand. 52:11.

Groth, W., 1985. Kriterien für die Beurteilung von Haltungssystemen für Milchkühe und Mastbullen aus klinischer Sicht. Tierärztliche Umschau 40: 739–750.

Hamilton, C., Emanuelson, U., Forslund, K., Hansson, I., Ekman, T., 2006. Mastitis and related management factors in certified organic dairy herds in Sweden. Acta Vet. Scand. 48:11.

Hardeng, F., Edge, V.L., 2001. Mastitis, Ketosis, and Milk Fever in 31 Organic and 93 Conventional Norwegian Dairy Herds. J. Dairy Sc. 84: 2673–2679.

Haskell, M.J., Rennie, L.J., Bowell, V.A., Bell, M.J., Lawrence, A.B., 2006. Housing system, milk production, and zero-grazing effects on lameness and leg injury in dairy cows. J. Dairy Sci. 89: 4259–4266.

Hemsworth, P.H., Coleman, G.J., Barnett, J.L., Borg, S., 2000. Relationships between human-animal interactions and productivity of commercial dairy cows. J. Anim. Sci. 78: 2821–2831.

Heringstad, B., 2010. Genetic analysis of fertility-related diseases and disorders in Norwegian Red cows. J. Dairy Sci. 93: 2751-2756.
Hernandez-Mendo, O., von Keyserling, M.A.G., Veira, D.M., Weary, D.M., 2007. Effects of pasture on lameness in dairy cows. J. Dairy Sci. 90: 1209-1214.

Heuer, C., Van Straalen, W.M., Schukken, Y.H., Dirkzwager, A., Noordhuizen, J.P.T.M., 2000. Prediction of energy balance in a high yielding dairy herd in early lactation: model development and precision. Livest. Prod. Sci. 65: 91–105.

Hovi, M., Vaarst, M., 2001. Positive health: preventive measures and alternative strategies. In: Proceedings of the 5th NAHWOA Workshop, Roedding/Denmark, 11–13 November 2001.

Hovi, M., Sundrum, A., Padel, S., 2004. Organic livestock farming: potentials and limitations of husbandry practice to secure animal health and welfare and food quality. Proceedings of the 2nd SAFO Workshop, Witzenhausen/Germany, 25–27 March 2004.

Hörning, B., 2001. The assessment of housing conditions of dairy cows in littered loose housing systems using three scoring methods. Acta Agric. Scand., Sect. A, Animal Sci. 30: 42–47.

Huxley, J.N., Burke, J., Roderick, S., Main, D.C.J, Whay, H.R., 2004. Animal welfare assessment benchmarking as a tool for health and welfare planning in organic dairy herds. Vet. Rec. 155: 237–239.

IFOAM, 2006. The IFOAM norms for organic production and processing, Version 2005. Die Deutsche Bibliothek, Germany. [Online] Available at: http://www.ifoam.org/about_ifoam/standards/norms/norm_documents_library/Norms_ENG_V4_20090113.pdf [Accessed at: 12 April 2010].

Ivemeyer, S., Maeschli, A., Walkenhorst, M., Klocke, P., Heil, F., Oser, S., Notz, C., 2008. Auswirkungen einer zweijährigen Bestandesbetreuung von Milchviehbeständen hinsichtlich Eutergesundheit, Antibiotikaeinsatz und Nutzungsdauer. Schweiz. Arch. Tierheilkd. 150: 499–505.

Ivemeyer, S., Walkenhorst, M., Heil, F., Notz, C., Maeschli, A., Butler, G., Klocke, P., 2009. Management factors affecting udder health and effects of a one year extension program in organic dairy herds. Animal 3: 1596–1604.

Ivemeyer, S., Smolders, G., Brinkmann, J., Gratzer, E., Hansen, B., Henriksen, B.I.F., Huber, J., Leeb, C., March, S., Mejdell, C., Nicholas, P., Roderick, S., Stöger, E., Vaarst, M., Whistance, L.K., Winckler, C., Walkenhorst, M., submitted to Livest. Sci. Effects of health and welfare planning on medicine use, health and production in European organic dairy farm. 

Jilg, T., Weinberg, L., 1999. Konditionsbewertung: Jetzt auch beim Fleckvieh. Top Agrar 6, pp. 12–15.

Johnsen, P.F., Johannesson, T., Sandøe, P., 2001. Assessment of farm animal welfare at herd level: Many goals, many methods. Acta Agric. Scand., Sect. A, Animal Sci. 30: 26–33.

Keeling, L.J., 2005. Health and happy: Animal welfare as an integral part of sustainable agriculture. Ambio 34: 316–319.

Keppler, C., Schubbert, A., Knierim, U., 2004. Welche Methoden sind zur Beurteilung von Hühnern im Hinblick auf Federpicken und Kannibalismus geeignet? Erste Untersuchungen zum Vergleich verschiedener Methoden im Hinblick auf Durchführbarkeit, Aussagekraft und Wiederholbarkeit. In: Proceedings of 17. IGN-Tagung, Vienna/Austria, 23–25 September 2004.

Klocke, P., Dollinger, J., Ivemeyer, S., Heil, F., 2007. Body Condition Scoring (BCS) zur Kontrolle von Fütterungsfehlern bei Milchkühen im Biolandbau im Hinblick auf Risiken für die Eutergesundheit. In: Proceedings of 9. Wissenschaftstagung Ökologischer Landbau – Zwischen Tradition und Globalisierung. Hohenheim/Germany, 20–23 March 2007.

Knierim, U., Winckler, C., 2009. On-farm welfare assessment in cattle: validity, reliability and feasibility issues and future perspectives with special regard to the Welfare Quality® approach. Animal Welfare 18: 451–458.

Kristensen, E., Dueholm, L., Vink, D., Andersen, J.E., Jakobsen, E.B., Illum-Nielsen, S., Petersen, F.A., Enevoldsen, C., 2006. Within- and Across-Person Uniformity of Body Condition Scoring in Danish Holstein Cattle. J. Dairy Sci. 89: 3721–3728.
Laister, S., Brörkens, N., Lolli, S., Zucca, D., Knierim, U., Minero, M., Canali, E., Winckler, C., 2009a. Reliability of measures of agonistic behaviour in dairy and beef cattle. In: Assessment of animal welfare measures for dairy cattle, beef bulls and veal calves, Welfare Quality® Reports No. 11, pp. 95–112.   

Laister, S., 2009b. Suitability of selected behavioural parameters for on-farm welfare assessment in dairy and beef cattle. PhD Thesis submitted to the University of Natural Resources and Life Sciences, Vienna/Austria.

Leach, K.A., Dippel, S., Huber, J., March, S., Winckler, C., Whay, H.R., 2009a. Assessing lameness in cows kept in tie-stalls. Journal of Dairy Science 92: 1567-1574.

Leach, K.A., Knierim, U., Whay, H.R., 2009b. Cleanliness scoring for dairy and beef cattle and veal calves. In: Assessment of animal welfare measures for dairy cattle, beef bulls and veal calves, Welfare Quality® Reports No. 11, pp. 25–30.   

Mack, H., 1979. Umgang mit landwirtschaftlichen Nutztieren aus Sicht der Unfallverhütung. KTBL-Schrift 254.

Main, D.C.J., Kent, J.P., Wemelsfelder, F., Ofner, E., Tuyttens, F.A.M., 2003. Application for methods of on-farm welfare assessment. Animal Welfare 12: 523–528.

Manson, F.J., Leaver, J.D., 1988. The influence of dietary protein intake and of hoof trimming on lameness in dairy-cattle. Anim. Prod. 47: 191–199.

March, S., Brinkmann, C. Winckler, 2007: Effect of training on the interobserver reliability of lameness scoring in dairy cattle. Animal Welfare 16:131–134.

March, S., Gratzer, E., Brinkmann, J., Winckler, C., 2009. Results of the CoreOrganic-Workshop on animal based parameters in Trenthorst, Germany (04.02.08-0.8.02.2008). [Online] Available at: http://orgprints.org/15915 [Accessed at: 12 December 2010].

Martin, P., Bateson, P., 2007. Measuring Behaviour. Cambridge University Press, New York/USA. p. 78.

Metzner, M., Heuwieser, W., Klee, W., 1993. Die Beurteilung der Körperkondition (body condition scoring) im Herdenmanagement. Der praktische Tierarzt 11: 991–998.

Menéndez Gonzalez, S., Steiner, A., Gassner, B., Regula, G., 2010. Antimicrobial use in Swiss dairy farms: quantification and evaluation of data quality. Prev. Vet. Med. 95: 50–63.

Menke, C., Waiblinger, S., Fölsch, D.W., Wiepkema, P.R., 1999. Social behaviour and injuries of horned cows in loose housing systems. Animal Welfare 8: 243–258.

Mülleder, C., Troxler, J., Waiblinger, S., 2003. Methodological aspects for the assessment of social behaviour and avoidance distance on dairy farms. Animal Welfare 12: 579–584.
Mülleder, C., Troxler, J., Laaha, G., Waiblinger, S., 2007. Can environmental variables replace some animal-based parameters in welfare assessment of dairy cows? Animal Welfare 16: 153–156.

Nauta, W.J., Baars, T., Bovenhuis, H., 2006. Converting to organic dairy farming: Consequences for production, somatic cell scores and calving interval of first parity Holstein cows. Livest. Sci. 99: 185–195.

Pryce, J.E., Coffey, M.P., Simm, G., 2001. The relationship between body condition score and reproductive performance. J. Dairy Sci. 84: 1508–1515.

Regula, G., Danuser J., Spycher, B., Wechsler, B., 2004. Health and welfare of dairy cows in different husbandry systems in Switzerland. Prev. Vet. Med. 66: 247–264.

Reksen, O., Tverdal, A., Ropstad, E., 1999. A comparative study of reproductive performance in organic and conventional dairy husbandry. J. Dairy Sci. 82: 2605–2610.

Rosenberger, G., 1970. Krankheiten des Rindes. Paul Parey, Berlin.
Rutherford, K.M.D., Langford, F.M., Jack, M.C., Sherwood, L., Lawrence, A.B., Haskell, M.J., 2009. Lameness prevalence and risk factors in organic and non-organic dairy herds in the

United Kingdom. The Veterinary Journal 180: 95–105.
Schulze Westerath, H., Leach, K.A., Whay, H.R., Knierim, U., 2009. Scoring of cattle: integument alterations of dairy and beef cattle and veal calves. In: Assessment of animal welfare measures for dairy cattle, beef bulls and veal calves, Welfare Quality® Reports No. 11, pp. 43–50.   

Trachsel, P., Busato, A., Blum, J.W., 2000. Body conditions scores of dairy cattle in organic farms. J. Anim. Physiol. Anim. Nutr. 84: 112–124.

Vaarst, M., Winckler, C., Roderick, S., Smolders, G., Henriksen, B.I.F., Brinkman, J., Walkenhorst, M., Gratzer, E., Leeb, C., Mejdell, C., March, S., Hansen, B., Ivemeyer, S., Huber, J., Whistance, L.K., Nicholas, P., Stöger, E., submitted to Open Veterinary Journal. Animal health and welfare planning in organic dairy cattle farms. 

von Borell, E., Sørensen, J.T., 2004. Organic livestock production in Europe: aims, rules and trends with special emphasis an animal health and welfare. Livest. Prod. Sci. 90: 3–9.

Waiblinger, S., Knierim, U., Winckler, C., 2001. Development of an on-farm welfare assessment system in dairy cows using an epidemiological approach. Acta Agric. Scand., Sect. A, Animal Sci. 30: 73–77.

Waiblinger, S., Menke, C., Fölsch, D.W., 2003. Influences on the avoidance and approach behaviour of dairy cows towards humans on 35 farms.  Applied Animal Behaviour Science 84: 23–39.

Webster, A.J.F., Main, D.C.J., Whay, H.R., 2004. Welfare assessment: indices from clinical observation. Animal Welfare 13: 93–98.

Wechsler, B., Schaub, J., Friedli, K., Hauser, R., 2000. Behaviour and leg injuries in dairy cows kept in cubicle systems with straw bedding or soft lying mats. Applied Animal Behaviour Science 69: 189–197.

Welfare Quality®, 2009. Welfare Quality Assessment Protocol for Cattle. Welfare Quality Consortium, Lelystad/Netherlands; ISBN/EAN 978-90-78240-04-4.

Weller, R.F., Bowling, P.J., 2000. Health status of dairy herds in organic farming. Vet. Rec. 146: 80–81.

Weller, R.F., Bowling, P.J., 2004. The performance and nutrient use efficiency of two contrasting systems of organic milk production. Biological Agriculture and Horticulture 22: 261–270.

Whay, H.R., Main, D.C.J., Green, L.E., Webster, A.J.F., 2003. Assessment of the welfare of dairy cattle using animal-based measurements: direct observations and investigations of farm records. Vet. Rec. 153: 197–202.
Whay, H.R., 2007. The journey to animal welfare improvement. Animal Welfare 16: 117 – 122.

Wiggans, G.R., Shook, G.E., 1987. A lactation measure of somatic cell count. J. Dairy Sci. 70: 2666–2672.

Windschnurer, I., Schmied, C., Boivin, X., Waiblinger, S., 2008. Reliability and inter-test relationship of tests for on-farm assessment of dairy cows’ relationship to humans. Applied Animal Behaviour Science 114: 37–53.
Table 1. Mean herd size (min-max), mean daily milk yield (standard deviation), mean lactation number (standard deviation), % of farms offering access to an outdoor run and % of farms offering access to pasture

	country
(n farms)
	mean number of cows per herd
	mean daily milk yield

(kg)
	mean lactation number
	access to outdoor area

(% of farms)
	access to pasture

(% of farms)

	Austria
n=39
	40
(22-63)
	22.5
± 2.9
	3.2
± 0.6
	74
	46

	Switzerland
n=15
	31
(14-75)
	19.3
± 3.2
	3.7
± 0.5
	100
	100

	Germany
n=42
	70
(32-159)
	22.1
± 3.5
	3.1
± 0.6
	48
	93

	Denmark
n=15
	129
(43-251)
	24.1
± 3.5
	2.5
± 0.3
	7
	100

	Netherlands
n=10
	62
(35-138)
	20.6
± 3.2
	3.2
± 0.4
	10
	100

	Norway
n=6
	21
(13-27)
	21.3
± 3.2
	2.3
± 0.2
	17
	100

	United Kingdom
n=20
	225
(77-412)
	-
	-
	50
	100


Table 2. Overview of the animal-based measures applied in the study, the methods used, their accordance with the Welfare Quality® approach (WQ) as well as criteria for inclusion of data (at farm level) in further analysis 
	 parameter
	method
	accordance with WQ
	criteria (at farm level) for inclusion in further analysis

	clinical examinations
	 
	 

	cleanliness
	2-category numerical rating scale (clean / dirty)
	WQ
	


	integument 
alterations
	visual examination of the body, distinction according to size and severity 
	WQ
	assessed sample size reaching a level of precision of 0.15

	lameness
	gait-scoring, 3-category numerical rating scale
	WQ
	

	body condition
	five-point numerical rating scale with 0.25 intervals 
	modified WQ
	

	signs of other 
disease 
	2-category numerical rating scale 
(present / not present)
	WQ
	   

	behavioural observations
	 
	 

	agonistic 
interactions
	direct observations for two hours, continuous behaviour sampling
	WQ
	start of observations within three hours after feeding (no data available for DE, NL)

	behaviour around resting
	duration of lying down events
	WQ
	a minimum of six observed lying down events

	avoidance distance towards unknown person
	at the feeding rack 
	WQ
	up to a herd size of 50 cows 70% of the animals tested; herds with more than 50 animals meeting a level of precision of 0.1 regarding sample size (no data available for NL)

	animal-based measures from farm records
	 
	 

	treatment records
	treatment incidences 12 months prior to the farm visit
	in addition to WQ
	availability of herd health records

	milk-recording 
data
	somatic cell count 12 months prior to the farm visit

milk yield, milk composition and thresholds regarding metabolic imbalance 12 months prior to the farm visit
	modified WQ

in addition to WQ
	availability of milk recording data (no data available for UK)


Table 3. Herd size and number of cows assessed for clinical parameters (min-max), avoidance distance at the feed rack (ADF) and lying down events at herd level
	country
(n farms)
	mean number of cows per herd
	mean number of animals scored for clinical examinations 
	mean number of animals tested for ADF 
	mean number of observed lying down events 
	number of observers per country 

	Austria
n=39
	40
(22-63)
	34
(20-53)
	30
(9-51)
	9

(2-18)
	3

	Switzerland
n=15
	31
(14-75)
	28
(13-45)
	26
(14-54)
	9
(2-16)
	2

	Germany
n=42
	70
(32-159)
	43
(28-64)
	39

(11-120)
	10

(1-22)
	2

	Denmark
n=15
	129
(43-251)
	35
(24-48)
	70
(31-117)
	8
(6-13)
	1

	Netherlands
n=10
	62
(35-138)
	30
(16-40)
	_
	15
(9-28)
	1

	Norway
n=6
	21
(13-27))
	20
(10-24)
	18
(10-21)
	5
(1-9)
	1

	United Kingdom
n=20
	225
(77-412)
	54
(10-24)
	53

(8-87)
	11

(5-19)
	2


Table 4. Distribution of number of farms across different classes of absolute precision regarding clinical examinations

	country
(n farms)
	classes of absolute precision (deviation from true prevalence)

	
	0 - 0.05
	0.06 - 0.1
	0.11 - 0.15
	> 0.15

	Austria
n=39
	16
	20

	3

	0

	Switzerland
n=15
	12

	2

	1
	0

	Germany
n=42
	10

	20

	12
	0

	Denmark
n=15
	0
	1
	10

	4


	Netherlands
n=10
	0
	2

	7

	1


	Norway
n=6
	5

	0

	1

	0

	United Kingdom
n=20
	0
	7

	11

	2



Table 5. Median prevalence of lean cows (min-max), lameness (min-max), severe lameness (min-max) and integument alterations in the tarsal area (min-max) as well as median WQ criterion and partial criterion scores, respectively,  for ‘Absence of prolonged hunger’ (min-max), ‘Lameness’ (min-max) and ‘Integument alterations’ (min-max) and proportion of farms allocated to different score categories (m=measures) 

	 
	AT
	CH
	DE
	DK
	NL
	NO
	UK

	body condition

	(n farms)
	(n=39)
	(n=15)
	(n=42)
	(n=10)
	(n=8)
	(n=6)
	(n=17)

	% of lean cows
	0.0
	4.8
	5.0
	0.0
	8.4
	2.0
	13.0

	
	(0.0-50.0)
	(0.0-36.4)
	(0.0-64.1)
	(0.0-7.5)
	(0-20.5)
	(0.0-10.0)
	(0-36.5)

	WQ criterion score (median)
	100
	68
	66
	100
	52
	85
	39

	
	(12-100)
	(18-100)
	(7-100)
	(55-100)
	(30-100)
	(46-100)
	(18-100)

	% of farms allocated to different score categories regarding ‘Absence of prolonged hunger’

	no m need to be taken
	54
	40
	33
	90
	25
	50
	41

	m should be taken
	31
	27
	38
	10
	25
	33
	0

	m need to be taken
	10
	27
	24
	0
	50
	17
	41

	unacceptable
	5
	7
	5
	0
	0
	0
	18

	lameness

	(n farms)
	(n=39)
	(n=15)
	(n=42)
	(n=11)
	(n=9)
	(n=6)
	(n=15)

	% of lame cows
	22.9
	10.8
	13.1
	32.5
	21.9
	0.0
	26.2

	
	(0.0-58.8)
	(0.0-36.4)
	(2.3-40.0)
	(12.5-68.0)
	(6.5-54.2)
	(0.0-16.7)
	(5.9-66.1)

	% of severely lame cows
	5.7
	3.0
	3.7
	2.1
	6.3
	0.0
	4.6

	
	(0.0-27.3)
	(0.0-5.3)
	(0.0-22.5)
	(0.0-32.0)
	(0.0-29.2)
	(0.0)
	(0.0-25.0)

	WQ partial criterion score (median)
	40
	60
	57
	48
	41
	100
	42

	
	(12-100)
	(36-100)
	(18-95)
	(9-76)
	(12-87)
	(70-100)
	(12-88)

	% of farms allocated to different score categories regarding ‘Lameness’ 

	no m need to be taken
	13
	33
	19
	0
	11
	83
	27

	m should be taken
	28
	40
	38
	36
	22
	17
	0

	m need to be taken
	46
	27
	41
	36
	56
	0
	67

	unacceptable
	13
	0
	2
	27
	11
	0
	7

	integument alterations in the tarsal area

	(n farms)
	(n=39)
	(n=15)
	(n=42)
	(n=11)
	(n=9)
	(n=6)
	(n=17)

	% of animals with hairless patches
	22.9
	6.8
	3.3
	65.0
	38.7
	62.5
	27.3

	
	(2.9-100)
	(0.0-76.2)
	(0.0-70.8)
	(12.5-95.0)
	(20.8-58.6)
	(33.3-84.2)
	(0.0-67.6)

	% of animals with lesions
	9.4
	2.3
	2.1
	5.0
	4.3
	25.0
	3.8

	
	(0.0-57.1)
	(0.0-19.0)
	(0.0-36.1)
	(0.0-25.0)
	(2.5-10.0)
	(12.5-42.1)
	(0.0-28.4)

	% of animals with swellings
	2.9
	0
	2.0
	2.1
	3.4
	0.0
	2.8

	
	(0.0-25.7)
	(0.0-9.5)
	(0.0-72.2)
	(0.0-32.5)
	(0.0-15.0)
	(0.0-21.1)
	(0.0-56.9)

	WQ partial criterion score (median)
	20
	31
	39
	33
	17
	17
	56

	
	(6-85)
	(17-65)
	(2-94)
	(7-64)
	(5-42)
	(12-23)
	(7-89)

	% of farms allocated to different score categories regarding ‘Integument alterations’ 

	no m need to be taken
	8
	0
	12
	0
	0
	0
	19

	m should be taken
	8
	27
	29
	18
	0
	0
	38

	m need to be taken
	33
	67
	33
	46
	33
	17
	19

	unacceptable
	51
	7
	26
	36
	67
	83
	25


Table 6. Median proportion of animals classified as dirty in the udder (min-max), hindquarter (min-max) and lower hind leg (min-max), and of animals with nasal discharge (min-max), ocular discharge (min-max) and vulvar discharge (min-max)

	 
	AT
	CH
	DE
	DK
	NL
	NO
	UK

	cleanliness
	 
	 
	 
	 
	 
	 
	 

	(n farms)
	(n=39)
	(n=15)
	(n=42)
	(n=11)
	(n=9)
	(n=6)
	(n=15)

	% of animals with dirty udder
	73.3
	68.2
	53.6
	24.0
	58.3
	75.0
	45.5

	
	(28.1-100)
	(36.8-93.3)
	(2.2-100)
	(0.1-67.5)
	(48.4-93.1)
	(0.0-100.0)
	(22.7.96.9)

	% of animals with dirty hindquarter
	54.2
	32.6
	36.1
	15.6
	61.3
	35.4
	78.8

	
	(0.0-100)
	(9.5-62.2)
	(2.8-88.6)
	(0-40.0)
	(33.3-96.6)
	(0.0-91.7)
	(36.5-97.4)

	% of animals with dirty lower hind legs
	86.4
	67.4
	91.5
	90.0
	90.0
	16.3
	90.1

	
	(5.3-100)
	(36.8-81.8)
	(34.0-100)
	(15.6-100)
	(52.5-100)
	(0.0-66.7)
	(44.7-100)

	other signs of diseases
	 
	 
	 
	 
	 
	 
	 

	(n farms)
	(n=39)
	(n=15)
	(n=42)
	(n=11)
	(n=9)
	(n=6)
	(n=18)

	% of animals with nasal discharge
	0.0
	2.3
	0.0
	0.0
	0.0
	0.0
	0.0

	
	(0.0-11.4)
	(0.0-22.7)
	(0.0-3.0)
	(0.0-2.5)
	(0.0-7.7)
	(0.0-16.7)
	(0.0)

	% of animals with ocular discharge
	6.3
	4.8
	0.0
	0.0
	0.0
	0.0
	3.6

	
	(0.0-47.1)
	(0.0-38.5)
	(0.0-15.6)
	(0.0-2.5)
	(0.0-7.7)
	(0.0)
	(0.0-14.9)

	% of animals with vulvar discharge
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	(0.0-8.8)
	(0.0-9.1)
	(0.0-6.1)
	(0.0)
	(0.0-5.0)
	(0.0)
	(0.0-3.4)


Table 7. Median duration of lying down (min-max), median prevalence of agonistic interactions (min-max) and median avoidance distance at the feeding rack (ADF; min-max) as well as median WQ criterion score for ‘Expression of social behaviour’ (min-max) and ‘Good human-animal relationship’ (min-max) and proportion of farms allocated to different score categories

	 
	AT
	CH
	DE
	DK
	NL
	NO
	UK

	behaviour around resting

	(n farms)             
	(n=36)
	(n=12)
	(n=32)
	(n=15)
	(n=10)
	(n=2)
	(n=16)

	duration of lying down (sec)
	5.3
	5.0
	5.5
	4.0
	5.3
	6.4
	4.4

	
	(3.9-11.1)
	(4.1-6.6)
	(4.1-8.7)
	(2.8-7.5)
	(4.0-8.0)
	(6.4)
	(3.8-6.3)

	expression of social behaviours

	(n farms)             
	(n=38)
	(n=14)
	 
	(n=11)
	 
	(n=6)
	(n=10)

	agonistic interactions (per animal and hour)
	1.1
	0.9
	-
	0.7
	-
	0.5
	0.4

	
	(0.1-3.7)
	(0.2-3.5)
	
	(0.2-2.6)
	
	(0.07-3.5)
	(0.1-0.8)

	WQ criterion score (median)
	62
	66
	-
	79
	-
	86
	86

	
	(14-96)
	(16-95)
	
	(34-91)
	
	(17-98)
	(64-98)

	% of farms allocated to different score categories regarding ‘Expression of social behaviours’ 

	no m need to be taken
	21
	21
	-
	45
	-
	67
	73

	m should be taken
	42
	36
	-
	45
	-
	17
	27

	m need to be taken
	32
	36
	-
	9
	-
	0
	0

	unacceptable
	5
	7
	-
	0
	-
	17
	0

	human-animal relationship

	(n farms)             
	(n=33)
	(n=14)
	(n=28)
	(n=13)
	 
	 
	(n=11)

	ADF
	8
	5
	16
	19
	-
	20
	38

	median
	(0-70)
	(0-40)
	(0-50)
	(0-40)
	
	(0-40)
	(0-100)

	WQ criterion score (median)
	62
	75
	61
	58
	-
	63
	62

	
	(24-91)
	(32-94)
	(27-100)
	(41-73)
	
	(40-88)
	(18-79)

	% of farms allocated to different score categories regarding ‘Good human-animal relationship’ 

	no m need to be taken
	18
	36
	29
	0
	-
	17
	0

	m should be taken
	55
	57
	39
	62
	-
	67
	64

	m need to be taken
	27
	7
	32
	38
	-
	17
	27

	unacceptable
	0
	0
	0
	0
	-
	0
	9


Table 8. Median treatment incidences of udder diseases (min-max), ketosis (min-max), milk fever (min-max), reproductive disorders (min-max) and claw and limb disorders (min-max) and mean SCS (standard deviation), % of animals with fat/protein ratio < 1.1 and > 1.5 (standard deviation) and CI (standard deviation)

	 
	AT
	CH
	DE
	DK
	NL
	NO
	UK

	treatment incidences
	 
	 
	 
	 
	 
	 
	 

	(n=farms)
	(n=38)
	(n=15)
	(n=28)
	(n=15)
	(n=10)
	(n=6)
	(n=13)

	incidence of udder diseases  (%)
	40.5
	10.2
	48.4
	18.2
	31.9
	8.3
	46.8

	
	(0.0-116.7)
	(0.0-30.2)
	(0.0-137.2)
	(6.1-63.9)
	(0.0-198.0)
	(0.0-36.7)
	(1.9-102)

	ketosis incidence (%)
	0.0
	0.0
	0.0
	0.0
	0.0
	1.8
	0

	
	(0.0-9.4)
	(0.0)
	(0.0-21.6)
	(0.0-7.2)
	(0.0-21.7)
	(0.0-5.8)
	(0-8.5)

	milk fever incidence (%)
	0.0
	4.8
	6.9
	6.7
	10.0
	6.7
	4.6

	
	(0.0-26.5)
	(6.3-28.6)
	(0.0-33.3)
	(0.0-14.7)
	(0.0-46.0)
	(0.0-9.5)
	(0.3-10.4)

	incidence of reproductive disorders (%)
	7.6
	6.3
	18.1
	5.9
	2.2
	0.0
	14.4

	
	(0.0-53.9)
	(0.0-61.5)
	(0.0-105.7)
	(0.0-22.7)
	(0.0-50.0)
	(0.0-9.0)
	(0-84.4)

	incidence of claw and limb disorders (%)
	0.0
	0.0
	3.2
	5.7
	0.0
	0.0
	11.6

	
	(0.0-20.8)
	(0.0-4.7)
	(0.0-70.0)
	(0.0-24.5)
	(0.0-2.5)
	(0.0-26.9)
	(0-44.2)

	milk recording data
	 
	 
	 
	 
	 
	 
	 

	(n=farms)
	(n=39)
	(n=15)
	(n=28)
	(n=15)
	(n=10)
	(n=6)
	 

	SCS
	2.80
	2.75
	3.47
	3.35
	3.29
	2.44
	-

	
	± 0.61
	± 0.53
	± 0.52
	± 0.16
	± 0.48
	± 0.38
	

	% fat/ protein ratio 
< 1.1
	26.1
	23.8
	11.1
	20.8
	23.7
	42.6
	-

	
	± 11.8
	± 9.3
	± 7.4
	± 10.3
	± 10.2
	± 24.6
	

	% fat/ protein ratio
> 1.5
	9.1
	6.5
	16.9
	5.8
	5.0
	8.8
	-

	
	± 6.9
	± 6.4
	± 11.2
	± 2.6
	± 2.1
	± 10.7
	

	mean ICP
	395
	387
	404
	401
	420
	364
	-

	
	± 30.0
	± 28.0
	± 20.6
	± 18.8
	± 26.4
	± 14.5
	


� including cleanliness


� For Jersey cows the threshold was set at 1.7.


� For Jersey cows the threshold was set at 1.3. 


� n = 37


� n = 41


� n = 38


� n = 15


� n = 17


� 19 farms for BCS; 15 farms for hairless patches; 14 farms for lesions; 16 farms for swellings;


� 4 farms for BCS; 8 farms for hairless patches; 9 farms for lesions; 7 farms for swellings;


� 11 farms for BCS; 


� 3 farms for BCS;


� 9 farms for cleanliness; 


� 21 farms for cleanliness;


� 9 farms for BCS;


� 5 farms for BCS;


� 1 farm for cleanliness and BCS; 


� 8 farms for cleanliness; 


� 2 farms for BCS;


� 3 farms for lameness;


� 1 farms for lameness;


� 2 farms for lameness;


� 4 farms for hairless patches and swellings; 3 farms for lesions; 2 farms for lameness; 6 farms for cleanliness; 


� 13 farms for hairless patches, swellings and lameness; 14 farms for lesions; 10 farms for BCS; 


� 3 farms for hairless patches, lesions, swellings, cleanliness and BCS; 5 farms for lameness;





