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INTERPRETIVE SUMMARY
Dairy calf rearing has an important impact on future health and performance of dairy animals, however calf morbidity and mortality levels remain high on UK farms indicating that current management practices, especially calf housing, can still be improved. This survey aimed to identify key management practices currently used, along with farmer perceptions regarding types of calf housing to identify areas for improvement and farmer decision making to help with knowledge transfer within the industry. We found use of individual calf pens has reduced, but farmer perceptions still indicate that individual housing was thought to help to improve calf health and feed monitoring of calves, suggesting that successful use of group housing requires a higher level of stockmanship.
ABSTRACT
Adoption of optimal management techniques for rearing dairy calves has significant impacts on their health, welfare and productivity. Despite much published literature on best practice, calf morbidity and mortality rates remain high. This survey aimed to establish current calf management practices in the UK, along with farmer perceptions surrounding different housing types. A survey containing 48 questions was distributed online to UK farmers via social media, online forums and via a convenience sample of veterinary practices, and was completed by 216 participants. A descriptive analysis with frequency distributions was calculated, with chi-squared tests, linear regression and multinomial regression performed to assess associations between variables. There was a low level of regular veterinary involvement in day-to-day health decision making for calves (3/216, 1.4%), highlighting the need for appropriate staff training and Standard Operating Procedures (SOP) to ensure prudent antimicrobial usage. Restricted calf milk feeding is still highly prevalent in the UK, with most calves fed milk replacer (114/216, 52.8%), twice daily (189/216, 87.5%), initially given at 4 L of milk per day (66/216, 30.6%) or 6 L of milk per day (47/216, 21.8%). There was, however, a small number of farmers initially feeding only 2-3 L per day (28/216, 13.0%). Euthanasia of bull calves (5/216, 2.3%) and feeding antimicrobial waste milk to calves (8/216, 3.7%) both occurred on some farms. With regard to housing, use of individual calf pens has reduced from around 60% in 2010 to 38.4% in this study (83/216), with this reduction being partly driven by the policy of UK milk buyers. Farmer perceptions indicated that individual housing was thought to help to improve calf health and feed monitoring of calves, suggesting that successful use of group housing requires a higher level of stockmanship. The majority of farmers did not provide fresh bedding to calves on a daily basis (141/216, 65.3%), and relatively few disinfected both the calf housing (38.0%) and ground (47.7%) between calves, suggesting that hygiene practices may require additional attention in farm management protocols. 
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INTRODUCTION
Efficient rearing of healthy dairy heifer replacement calves requires adoption of optimal management practices that are applied using consistent methods across all staff members. There has been a plethora of recent literature that has led to a greater understanding of optimal management practices for calf rearing (Sinnott et al., 2020; Bučková et al., 2021; Ghaffari and Kertz, 2021; Santman-Berends et al., 2021), but the successful communication of these findings to key stake holders (Jansen et al., 2010b; Moya et al., 2021), understanding of this information by farm staff, and then uptake of these recommendations still remains a challenge that impedes progression as an industry. Perinatal calf mortality worldwide has been reported to be between 2.4 - 9.7% (Cuttance and Laven, 2019a; b), with one UK paper estimating mortality to be 7.9%, (Brickell et al., 2009), and an Irish study finding average perinatal mortality to be 4.3% (Mee et al., 2008). Following on from this, a further 6.0% of UK dairy calves were found to die within three months of birth (Hyde et al., 2020). Another study conducted on 18 UK farms found that 11% of dairy heifers died between one month of age and first calving (Brickell and Wathes, 2011), with losses continuing into first lactation when an additional 12.2% were culled (Esslemont and Kossaibati, 1997). These calf mortalities indicate that, although much is known about the science of calf care, the practical realities of successfully rearing these animals on farm is falling short. Studies from some countries have shown that lower national perinatal mortality is possible, with a country wide retrospective study of French data showing 4.4% mortality rates in the first month of life (Raboisson et al., 2013), and a two year retrospective study from Switzerland showing 2.4% perinatal mortality (Bleul, 2011).

The environment within which a calf is housed can have a significant impact on health and welfare parameters (Nordlund and Halbach, 2019). There are multiple types of calf housing used on farm, ranging from individual and group hutches, to indoor pre-fabricated partition pens or larger group pens within sheds, and outdoor pasture based rearing systems (Brown et al., 2021). Each of these housing types provides its own challenges. Ensuring good ventilation is a key consideration due to its links with respiratory disease from build-up of ammonia, temperature-humidity index, dust particles and air borne bacteria (Wathes et al., 1984; Kelly, 1986; Lago et al., 2006; Louie et al., 2018). Ventilation can be improved through the correct use of positive pressure ventilation tubes (PPV tubes). A study by Jorgensen et al (2017) that assessed risk factors for calf disease across 38 US dairy farms indicated that barns that did not use PPV tubes had an 80.6% increased odds of a calf having pyrexia during a visit. The provision of adequate lighting is also important to enable good visibility of calves for signs of ill health, and also to carry out routine tasks such as feeding and bedding (AHDB, 2017). The prevalence of different housing systems in use across the UK is currently unknown. This information is, however, required to understand the reasons behind farmer choice, to identify key areas to the housing environment of calves and to improve targeting of knowledge transfer to the industry.
A further aspect of calf housing that has received greater appreciation in the last decade is the effect that individual compared to pair or group housing of calves can have on their social development and welfare. Studies have demonstrated that calves utilise social learning, whereby the actions of a calf are influenced by watching or interacting with other calves (Keeling and Hurnik, 1996). A key area that this impacts is solid feed consumption, with pair housed calves starting to consume solids at an earlier age and in greater amounts compared to individually housed calves (De Paula Vieira et al., 2010; Mahendran et al., 2021). For example, Costa et al  (2015) found that pair housed calves consumed 2.2 ± 0.22 kg/day of concentrates compared to only 1.26 ± 0.33 kg/day for individually housed calves. Furthermore, calf health was not compromised in these paired systems (Bučková et al., 2021; Mahendran et al., 2021). This trend continues in group housed calves, which have been shown to spend more time eating solids than individually housed calves (19.3 vs 14.4 min/ hr) (Babu et al., 2004). In addition, calves housed in groups demonstrate increased play behaviours, which is seen as a positive indicator of well-being (Spinka et al., 2001), especially when the whole group was fed with high milk allowances of 12 L/day (Größbacher et al., 2020). The most recent survey data available from the UK is from 2010, and indicated that approximately 60% of calves were housed in individual pens (Marcé et al., 2010a). Since this survey, many milk buyers and farm assurance schemes in the UK have implemented changes as to what they deem to be acceptable calf housing practices. This has mainly been the reduction of individual housing; the impact this has had on the use of different types of calf housing is as yet unknown. 
Other important housing management areas include the amount of time a calf spends with the dam, as this is known to impact exposure of calves to pathogens. Neonatal diarrhoea is often caused by  Escherichia coli, Rotavirus, Coronavirus or Cryptosporidium in the first few weeks of life (Bartels et al., 2010), all of which a calf can be exposed to in the calving pen. The situation is similar with herd level endemic infectious conditions such as Johne’s disease, which is thought to have a prevalence of 68.3% within Great Britain (Velasova et al., 2017). It is known that if exposure to Mycobacterium avium subsp. paratuberculosis occurs at birth, the risk of infection progressing and future bacteria shedding is high, especially in contaminated calving pen environments (Windsor and Whittington, 2010). Recommendations to immediately remove calves from the dam (‘snatch-calving’) were therefore established to reduce the risk of infection (Mee, 2008), but the actual uptake of this advice across UK farms is unknown.
Feeding practices are another area of calf rearing where more recent literature has highlighted the often chronic underfeeding that occurs in many management systems due to adoption of restricted milk feeding practices. One recent study found that 302/508 (59.6%) of Norwegian herds fed less than the recommended 8 L/ day of milk, even though industry guidelines had been in place for over five years (Johnsen et al., 2021). It is well documented that feeding higher milk allowances leads to increased productivity and growth (Geiger et al., 2016), whilst reducing hunger  and cross sucking (De Paula Vieira et al., 2008), yet other surveys have also found that calves are often fed lower volumes such as 5.4 ± 2.1 L/ day of milk (Jorgensen et al., 2017). 
Selection of the type of calf housing used on a particular farm can be influenced by many factors such as availability of pre-existing housing types, the number of calves needed to be housed, and prior farmer experiences or perceptions around the use of certain types of calf housing. Ritter et al (2017) demonstrated that farmers do not regularly adopt recommended measures, with attempts to instigate changes in management through generalised arguments often proving insufficient to motivate on-farm change. This has also be shown in the control of cattle diseases such as mastitis, where the provision of technical information about best practices alone was not sufficient to improve mastitis management. Combining this with an understanding of farmer mindset about perceived threats and efficacies of measures did, however, affect behavioural determinants of successful mastitis management strategies (Jansen and Lam, 2012). Another example of this comes from Robinson (2020), who found that ‘people factors’ were important influences on the success of disease management  with respect to Johne’s control in the UK. The degree to which the farmers perceived the disease to be a priority, and for the proposed control strategies to be considered feasible, were both important. Being able to identify and appreciate reasons for farmer held perceptions and the impact this might have on their decision making in relation to the type of calf housing used could therefore be important for the improvement of calf health (Rose et al., 2018). 
The main objective of this study was to establish a baseline for current calf management practices in the UK, particularly pertaining to calf housing systems and management decisions. It also aimed to determine farmer perceptions surrounding individual and group calf housing, including their advantages and disadvantages.

MATERIALS AND METHODS
Survey
A questionnaire survey was developed that contained 48 questions (15 open, 33 closed). The open questions allowed respondents to provide information without restricting their opinions (Creswell and Clark, 2017). The first section collected general farm information (e.g. location, type of farm, milk buyer), and demographics of the respondent (e.g. age, role on the farm, number of employees). The questionnaire then collected more specific herd details (e.g. breed, herd size, calving pattern, TB Test status under current UK legislation), before moving on to specific questions concerning calf rearing (e.g. who was responsible for calf rearing, how the bull calves were dealt with, age of calf when separated from dam, calf feeding and weaning strategies). The final part of the survey collected information specifically on calf housing (e.g. how the heifer calves were housed, bedding type, disinfection protocols, and farmer perceptions on different types of calf housing). The draft survey was reviewed by a panel of dairy experts (project supervisors and Dr J. Gibbons, AHDB Dairy, Stoneleigh Park, Warks, UK), before being piloted with a group of 5 dairy farmers at a local veterinary group calf meeting. Some minor revisions were made to the structure of several questions before the survey was finalised (online supplemental document 1). The survey was then created using a proprietary online survey tool (Jisc, Bristol, UK), therefore no manual data entry was required. Ethical approval was provided by the Royal Veterinary College Social Sciences Research Ethical Review Board (URN SR2019-0369), with all data being anonymised.
Distribution 
The target population was any dairy farmer in the UK who reared their own heifer calves. The number of dairies in the UK was estimated to be around 12,000 (AHDB, 2019), although there were no available data to identify what proportion of these do not rear their own replacement heifers. The survey was available on-line and was voluntary. It was distributed via social media (Facebook, Twitter) and online forums (AHDB Dairy, National Farming Union (NFU), Scottish Dairy Hub, and The Farming Forum). A link to the online survey was also distributed through six local veterinary practices (selected by convenience sampling) and university veterinary practice newsletters. Due to anonymization, we were unable to screen for multiple responses from the same farming enterprise.
Statistical analysis
A sample size estimation considered the proportion of respondents needed to describe the prevalence of farms housing calves in individual pens using an assumed proportion of farms of 0.6 (Marcé et al., 2010b) and an acceptable error of 0.1, with a 95% confidence interval. This indicated the need for a minimum of 96 survey respondents.
Results of the survey were exported from the online software into Microsoft Excel 2016 (Microsoft, Redmond, WA, USA) for analysis. The open question answers regarding farmer opinions about types of calf housing were categorised into themes using thematic analysis methodology (Attride-Stirling, 2001). This involved data reduction whereby we identified specific anecdotes (e.g. the respondent preferred individual housing to allow monitoring of feed intakes) within the responses that could be coded into keywords to allow basic themes to be established within the responses. Farmers could respond with multiple themes within the same answer. These results are reported within tables in the results. 
 Data analysis was performed using SPSS (Version 26, IBM, Germany). Descriptive statistics were computed for each question to determine the frequency distribution of the outcomes, with means and corresponding standard deviations calculated for continuous variables. Pearson’s Chi-squared tests were performed to analyse the relationship between farmer opinions on calf housing type compared to the type of housing they themselves used. Continuous numerical variables were screened for normality using Q-Q plots, and then linear regression models were fitted to investigate associations between numerical variables. Multinomial logistic regression models were fitted to investigate the association between different categorical variables. The significance level was set at P ≤ 0.05.

RESULTS AND DISCUSSION
This survey focused on determining the pre-weaning calf management and housing methods used by dairy farmers who rear their own calves within the UK, as well as to capture farmer perceptions surrounding the use of different housing facilities for calves. An understanding of current management practises and farmer perceptions can provide information on farmer decision making as well as helping to identify target areas for veterinarians to focus their farmer education, and for industry to develop tools and educational programs to improve overall calf health and welfare. 
Participants and farm demographics
The survey was open between 23rd October 2019 and 31st December 2020.  A total of 216 surveys were completed, with a response rate for participants completing a survey once they had clicked the online link being 43%. This was similar to that reported by other farmer surveys (Bertulat et al., 2015; Shivley et al., 2019). The sole access to the survey was through the internet and distribution was aided by social media. It is therefore possible that there was a bias towards participants with easy internet access and who were regular users of social media. In addition, the surveys were completed by self-reporting of respondents, which could have been associated with misinterpretation of questions and recall bias (Coughlin, 1990). 
Responses were received from all parts of the UK (Figure 1) and the respondent demographics are provided in Table 1. In summary, the majority of respondents were aged 40-59 years (94/216, 43.6%), with most respondents having spent more than 20 years working in the dairy industry (131/216, 60.6%). Many of the respondents were farm owners/ tenants (140/216, 64.8%). There was a median number of three full time employees (range 1-40), with a small number of larger farms having more employees (Table 2).
The respondents were predominantly from dairy-only farms (139/219, 64.4%), and were producing milk under conventional (non-organic) regulations (201/216, 93.1%), meaning that standard drug withhold times were applied. Milk was produced for a range of different milk buyers (Table 3). The modal breeds of cow that respondents farmed were Holstein Friesian (HF) or HF crossbred cattle 105/216 (48.7%). The modal size of the milking herd was 201 – 250 dairy cows (24/216, 11.1%), with a total of 52.3% (113/216) of respondents having a herd size between 101 - 400 cows, but only 12 respondents having a milking herd size greater than 1,000 cows (Figure 2). The modal 305 day milk yield of the cattle was between 8,001 – 10,000 L (Figure 3). The farms were predominantly all year round calving herds (129/216, 59.7%), and the majority were not under TB restrictions (179/216, 82.9%), meaning that they did not have any cattle testing positive for Mycobacterium bovis through the use of a single intradermal comparative cervical tuberculin test (SICCT). All of these parameters are representative of the average UK dairy population (AHDB, 2018).
Calf Rearing Staff
There were a number of different people reported to be responsible for the day-to-day care of the calves, with 33.3% (72/216) being the farm owner, 31.1% (67/216) being a farm worker, and 25.5% (55/216) being a family member. The majority of calf carers originated from the UK (189/216, 87.5%), and were male (55.6%, 120/216), which is in agreement with findings by Sischo et al (2019) who identified that  83.3% of calf managers and 96.2% of calf feeders in America were male. However, on farms with a family member caring for the calf, the majority of rearers were female (31/52, 59.6%). 
There was a significant association between the size of the farm and the person responsible for calf management, with the owner more likely to be responsible on smaller farmers with lower cow numbers, and larger farms more likely to have an employee rearing the calves (P < 0.01). The employment of calf-specific personnel has also been demonstrated on large dairy farms in other countries (Sischo et al., 2019), and may lead to increased specialisations of staff skills, and the ability of veterinary practices to target training courses. 
The person responsible for making health decisions for the calves was predominantly reported to be the farm owner (103/216, 47.7%), followed by a family member (46/216, 21.3%), and then farm workers (39/216, 18.1%). Only 1.4% (3/216) of farms regularly involved their veterinary practice in making calf health decisions. This low level of regular veterinary involvement means that choices regarding antimicrobial use are being made by farm staff. This highlights the importance of appropriate training for key farm staff to avoid misuse of antimicrobials, with multiple studies showing there is still widespread inappropriate use of antimicrobials for conditions such as calf diarrhoea (Friedman et al., 2007; Habing et al., 2016). Development and implementation of Standard Operating Procedures (SOP) in conjunction with veterinary practices is becoming more common place and even a requirement of some milk contracts, but SOPs must ensure that they provide details on how to identify calves that require treatment, and not just treatment information such as drug, dose and route of administration (Habing et al., 2016).
General management and feeding of pre-weaning calves
 The modal number of pre-weaning calves on farm at any one time was reported to be between 21-60 calves (96/216, 44.4%). The majority of farms sold their dairy bull and beef calves prior to weaning (144/216, 66.7%), with a further 27.3% (59/216) rearing them on farm until after weaning. However, five respondents stated that they still euthanized their dairy bull calves on farm, of which three farms kept predominantly HF cows, one Jersey, and one New Zealand cross breeds. This low number of farms euthanizing bull calves may be due to ongoing changes in some milk contracts and Red Tractor guidelines (a UK based farm and quality food assurance scheme providing guidance on minimum standards for animal care, www.redtractorassurance.org.uk), as well as promotion of sexed semen and demand for healthy and viable bull calves that can be sold onto rearing units for beef production. However, the destination of bull calves leaving the farm was not collected, so some respondents may have sent their calves to abattoir (either direct or via a market) prior to weaning, thereby still slaughtering bull calves at a young age. Admission by a small number of UK farmers that on-farm euthanasia still occurs is nevertheless worrying for the industry. Bull calf euthanasia is still widespread in other countries such as Ireland (Balzani et al., 2021) and New Zealand (Boulton et al., 2020) due to the lower value of male dairy calves for beef production, the lack of viable veal industries in these countries, and the use of seasonal calving patterns leading to flooding of the market (Fisher et al., 2017). It is encouraging that 80.6% of respondents reported treating their bull calves in the same way as their replacement heifer calves whilst on farm, suggesting the perceived value of these bull calves has increased, with approximately 50% of UK beef now originating from dairy animals (Brown et al., 2020). This is higher than in other countries, with France only using 18% (Fossaert et al., 2020) and Sweden using 12% (Clasen et al., 2019) of beef from dairy. However, the perceived value of UK bull calves is in contrast to concerns noted by a survey of 33 Canadian cattle veterinarians, who felt that bull calves often received poor colostrum and nutrition management compared to heifers (Sumner and von Keyserlingk, 2018). 
Within both general farming practice and the literature there is still a lack of consensus around how and when to separate cows from calves. A recent review by Meagher et al (2019) found evidence to support  early cow-calf separation leading to less acute distress, but  longer contact did promote more normal social behaviour. Another review of 70 papers by Beaver et al (2019) found that there was no beneficial effect of early separation on calf respiratory or enteric health. In addition, surveys on public perception around cow-calf separation has indicated that between 44% (Ventura et al., 2013) and 69.2% of the public (Hötzel et al., 2017) were against early separation. This negative perception of early cow-calf separation was compounded by calves then being housed in individual pens (Ventura et al., 2013). In our survey, there was variation in the time that the calf was left with the dam after birth, with 15.3% (33/216) snatch calving (defined as immediate removal from the dam), 38.8% (84/216) separating them within 12 hrs, 26.4% (57/216) separating them within 24 hrs, and 11.6% (25/216) separating them within 36 - 48 hrs of birth. This is in agreement with another UK study which found that the modal time for cow-calf separation on 11 dairy farms was 12 hrs after birth  (Johnson et al., 2017). The longest period of time a calf and dam were left together in this study was reported to be 5 days. These UK figures contrast with reports from the US that found the average time from birth to removal of the calf from the dam was 1.7 hrs (range 0 - 6 hrs) (Jorgensen et al., 2017). Snatch calving is often considered as a way to reduce the risk of Johne’s disease transmission to the calf, but this is thought to be due to removal of the calf from an environment contaminated with adult cow manure rather than from contact with the dam herself (Beaver et al., 2019). In some organic systems, keeping the calf with the dam for longer periods is considered to encourage natural behaviour and therefore provide higher welfare (Ellingsen et al., 2012), although  respondents running organic systems in this survey did not keep calves and dams together for longer than those using conventional systems. 
The information considering milk feeding of calves is shown in Table 4. The majority of calves were fed using calf milk replacer (114/216, 52.8%), with the remaining farmers feeding either fresh bulk tank milk, acidified bulk tank milk, high SCC milk or waste antimicrobial milk. The median reported concentration of milk powder was 150 g/L (69/114, 47.9%) with a mean concentration of 161 g/L (range 60 – 750 g/L). A concentration of 135 g/L mimics the dry matter content of whole milk, with concentrations of 180 g/L and above leading to high osmolality and potential compromise of gastrointestinal function (Wilms et al., 2019). Of the organic farms, 50.0% (6/12) of farms fed fresh bulk tank milk, which was significantly different to conventional herds (P = 0.013), where only 25.4% (51/201) fed fresh bulk tank milk. Eight farmers specified that they fed waste antibiotic milk to calves, which is known to affect the rumen microflora (Li et al., 2019) and can increase the presence of antimicrobial resistant bacteria found in calf faeces (Maynou et al., 2017). However, this is less than the antibiotic milk feeding reported in Canada of 20% (Medrano-Galarza et al., 2017), and in Sweden of 56% (Duse et al., 2013).
The majority of calves were fed manually twice daily (189/216, 87.5%), from either individual teat feeders (85/216, 39.4%), group teat feeders (50/216, 23.1%), or individual buckets (49/216, 22.7%). These figures are similar to those found by a large scale survey from Canada, whose respondents reported that 86% of calves that were manually fed were provided milk twice daily, and 53% of calves were fed via teats (Medrano-Galarza et al., 2017). This indicates that bucket feeding may be declining, with the use of teats known to reduce cross sucking by extending the time taken to consume milk meals (Salter et al., 2021).
An open question was used in the survey to determine the volumes of milk fed to calves. The responses indicated that the majority of farmers initially fed either 4 L of milk per day (66/216, 30.6%) or 6 L of milk per day (47/216, 21.8%), but a small number of farmers initially only provided 2-3 L per day (28/216, 13.0%). This range in milk feeding volumes is in agreement with findings reported by Hyde et al. (2021) across 30 UK farms, and indicates that restricted milk feeding protocols are still highly prevalent, which also agrees with recent findings from Norway (Johnsen et al., 2021). This can be considered as underfeeding of calves, with feeding of more milk resulting in higher weight gains both before and after weaning (Rosenberger et al., 2017). Given that 87.5% of farmers fed their calves twice daily, the limited milk volumes may have been due to concerns over a calf’s ability to handle larger volumes of milk per feed. However, calves fed higher milk volumes from the first week of life have been shown to adapt well to larger milk volume feeding (two 4 L feeds per day), with no effect on insulin sensitivity (Macpherson et al., 2019). A study by Curtis et al. (2018) has also suggested that feeding in the first three weeks of life had the biggest impact on growth, with this study demonstrating a 0.55 kg/day difference in growth rates between calves fed ad-libitum compared to 5 L/day during this time. The abomasal volume in calves around three weeks of age has also been shown to expand to contain voluntary milk feeds of up to 6.8 L, with no signs of abdominal discomfort or milk flow back into the rumen (Ellingsen et al., 2016). This indicates that increasing milk volumes to 5-6 L per feed in calves from three weeks of age is possible. Increasing meal frequency can also be a way to increase milk intakes, and can be achieved through the use of ad-lib or automatic calf feeders, but only 4.2% of our respondents were using these.
Most farmers did not measure environmental temperatures in the calf housing (172/216, 79.6%), with the majority of farmers not increasing the milk fed to calves (either volume or concentration of milk) during periods of cold weather. However, 56.0% did utilise calf jackets even though there is little evidence to suggest that these improve calf performance (Scoley et al., 2019; Rutherford et al., 2020). Multinomial logistic regression indicated that farmers who group housed their calves (>2 calves) had an increased odds of not using calf jackets (OR 7.14, 95% CI 1.21 – 41.07, P = 0.028), possibly due to the perception that group housed calves can huddle together for warmth.
A total of 55.6% (120/216) of farmers reported that they weighed their calves, with the main method being either a weigh band (73/120, 60.8%) or a weigh scale (38/120, 31.7%). Calves tended to be weighed at birth (60/120, 50%), and at weaning (55/120, 45.8%), with a small number of farms carrying out weekly weigh-ins (12/120, 10.0%). Knowing accurate weights is vital for calculating average daily growth rates which can be used to inform evaluation of calf rearing practices on farm, with a minimum target of 0.7 kg/day growth needed if target weights for age at first calving at 24 months are to be reached (Cooke et al., 2013). 
The weaning age for calves on the majority of farms was 8 weeks (71/216, 32.9%), with 2.8 % (6/216) of farmers targeting 6 weeks; 17.6% (38/216) 9 weeks; 18.5% (40/216) 10 weeks; and 15.2% (33/216) 11-12 weeks of age. Linear regression indicated that there was no association between the volume of milk a calf was fed and the target weaning age on farm (P = 0.37). The modal weaning age of eight weeks of age is in accord with a previous UK study of 11 farms which found that, although most calves were weaned between 60-70 days of age, the actual range was much wider, at 34 – 96 days of age (Johnson et al., 2017b). There is much variation in the literature regarding appropriate weaning ages, but slowly decreasing the milk volumes fed to stimulate solid feed intakes, and increasing the age at which weaning occurs (to 12 weeks) can help to maintain energy intakes over the weaning period, and reduce signs of hunger during and after weaning (De Passillé et al., 2011).  
There were three main themes that farmers used to decide when to wean their calves; age, weight and concentrate intake (Figure 4). A total of 31.9% (69/216) of farmers used weight as a factor, with 21.7% (15/69) stating they wanted the calves to have doubled birth weight by weaning. However, 21.7% (15/69) of these farmers said that they do not actually weigh their calves. This suggests that some farmers estimate calf weights via observation alone, which is likely to be highly inaccurate due to underestimation (van Dijk et al., 2015; Wood et al., 2015). Other farmers specified certain target weights that calves needed to achieve, with the most common for HF breeds being 100 kg (16/69, 23.2%).
A further 31.0% (67/216) of farmers used age as a factor for weaning, with the range being 6-12 weeks of age. Age was also reported to be the predominant factor for weaning calves in a large Canadian survey (Medrano-Galarza et al., 2017). Lastly, 44.4% (96/216) of farmers used the amount of concentrate consumed by the calf as a factor for when to wean, with increased solid feed intake being positively correlated to rumen papillae length (Roth et al., 2009). The range of concentrates consumed per day was specified as between 1-4 kg/day by weaning, and of these, 52.8% (28/53) specified 2 kg/day. However, given many of these calves were group housed, it is unclear how farmers were determining individual calf solid feed intakes in an accurate manner. This is likely to result in group weaning strategies that ignore the needs of individual calves, such as weaning the whole group when the youngest calf is at the minimum age.  There is some evidence that  weaning based on individual concentrate intakes can lower overall milk consumption and maintain similar post-weaning weights compared to calves weaned at a fixed age (Benetton et al., 2019). 
Housing of calves
	The majority of farmers housed their calves inside a shed with walls (162/216, 75.0%), with a further 15/216 (6.9%) housing them under a roof but in a structure with no walls. The remaining farmers kept the calves outside in hutches (35/216, 16.2%). Chi squared analysis indicated no association between the type of housing used and the calving pattern of the herd (P = 0.31).
	The majority of farmers used unchopped straw to bed their calves (184/216, 85.2%), with the remaining farmers using either chopped straw (20/216, 9.3%), sawdust/ shavings (5/216, 2.3%), or another substrate (4/216, 1.9%). This is in agreement with findings by Jorgensen et al (2017) who demonstrated that on 38 farms in the US, 78% of calf pens used straw bedding, with the remaining using wood shavings or cornstalks. Bedding type has been shown to influence lying behaviour in calves, with decreased time spent lying when the bedding is <59% dry matter (wet), and a preference for soft, dry lying surfaces (Camiloti et al., 2012). 
	Only 65.3% (141/216) of farmers bedded their calves on a daily basis, with others providing bedding every other day (35/216, 16.2%), three times per week (18/216, 8.3%), twice per week (10/216, 4.6%), or as needed (10/216, 4.6%). Farmers were asked how calf housing was cleaned out between different calves utilising it, with a summary given in Table 5. There was a wide range of cleaning techniques utilised in housing between batches of calves, with only a low number of farmers using disinfection of the housing materials (38.0%), or of the ground (47.7%). Together with bedding rates, these findings may explain the relatively high prevalence of Cryptosporidiosis (www.gov.uk/government/collections/animal-disease-surveillance-reports) in the UK, with reported prevalence of up to 78% (Brainard et al., 2020).
	The majority of farmers housing calves within a shed did not use any mechanical ventilation (120/157, 76.4%). Whilst we have no information on bovine respiratory disease (BRD) prevalence on these farms, the incidence of BRD is high on UK dairy farms with a reported incidence of 46% in pre-weaned calves (Johnson et al., 2017b).It is known that poor shed ventilation can have negative impacts on respiratory health and the spread of respiratory pathogens (Anderson and Bates, 1979). Given that 19.2% of farmers planned to make ventilation changes to their existing calf housing in the next 12 months, this does suggest that the negative impacts of poor ventilation are appreciated by some farmers. Many farmers did have artificial lighting (130/157, 82.8%), which was predominantly used in the winter periods at feeding time. 
The most prevalent initial type of housing used for newborn calves was individual housing (83/216, 38.4%), with pair housing used by 23.1% (50/216), and group housing of greater than 2 calves used by 35.6% (77/216). This is a decrease in individual housing compared to findings of 60% by Marcé et al., (2010b), and is likely due to recent changes in milk buyer policies in the UK, with many companies now stipulating the use of pair or group pens from either birth or within the first few weeks of life. This is supported by our survey finding that 31.1% of farmers had made calf management changes away from individual calf pens in the previous 24 months.
Following the initial period after birth, some farmers then changed their calf housing type prior to weaning (Table 6). A total of 87.5% (189/216) of farmers reported that they used some form of group housing pre-weaning, with the median group size being 7 calves, and the range being 2 - 42 calves.
For the farmers who utilised individual calf housing (83/216, 38.4%), there was a wide range of housing type/ design used (Table 7). The majority of the individual pens used were reported to allow both visual and tactile contact between calves (72/83, 86.7%), but 13.3% (11/83) only permitted visual contact between pens. This is in direct violation of EU directive 97/2/EC. One possible reason farmers chose to house calves in this way was that they felt individual housing gave better health benefits and biosecurity for calves (41.2%), which could possibly be compromised by increased pathogen spread if the calves could make direct contact. In addition, 48.2% of farmers using individual housing reported that they would not try pair housing as they thought that individual pens provided better management at the individual calf level, with less disease and no cross sucking (Table 8). However, surprisingly, the number of farmers that perceived navel sucking to be a problem in group housing was relatively low at 11.6%. Cross sucking is a non-nutritive sucking activity that is increased when feeding methods result in calves spending only short periods sucking when feeding, leading to calves sucking on other pen contents or other calves (Rushen and de Passillé, 1995). This suggests that either the feeding methods used in the group housing provided satisfaction of the innate calf requirement to suck, or there was a lack of farmer time observing calves meaning that this behaviour was missed in groups.
	During the immediate post-weaning period, the majority of farmers housed their calves in group loose pens (172/216, 79.6%), followed by grazing of calves (20/216, 9.3%) or use of group hutches (10/216, 4.6%).
	Farmers were asked whether they had made any changes to their calf housing in the last 24 months, with 34.3% (74/216) responding yes, and 45.8% (99/216) responding no. Of those farmers that said yes, 31.1% (23/74) had moved from individual to pair or group housing, 18.9% (14/74) had put up a new calf shed, and 17.6% (13/74) had changed their feeding method. Farmers were also asked if they planned to undertake any changes to their calf housing in the next 12 months, with 33.8% (73/216) responding yes, and 49.1% (106/216) responding no. Of those farmers that said yes, 41.1% (30/73) planned to put up a new calf shed, and 19.2% (14/73) planned to make ventilation changes to their existing calf housing.
Farmer perceptions of calf housing
Farmers were asked to describe their main perceptions of the advantages and disadvantages of individual and group housing for calves. The free text box responses were classified into themes, with the results summarised in Table 9. When interpreting the perceptions of respondents, consideration must be given to the potential for bias, with an increased likelihood for farmers to have positive perceptions about the housing type that they are using. Interestingly, the main benefit reported by 65% of farmers currently using individual calf pens was the ability to monitor the feeding behaviour and health of the individual calf (P < 0.01), with 25/216 farmers specifically stating that it is harder to achieve this in group housing. This suggests that the stockmanship ability of farm workers is a significant factor in choosing calf housing type. Possible reasons for this include the ease of feeding (P < 0.01), with the ability to leave an individually housed calf unsupervised with its milk feed (potentially to try and save labour and time), and still be able to see how much milk it had consumed. In a pair or group housing situation, it would not be possible to tell if one calf had consumed the feed of another calf. Given that reduced feed intakes are one early sign of ill health in a calf, being able to identify these calves with reduced feed intake may be important, and individual housing provides a relatively easy, low skilled way to do this. There was also a trend in farmer perception about the link between an increased risk of disease spread and the use group housing (P = 0.061), with 45% of farmers using group housing reporting it is a problem compared to 30% of farmers using individual housing. This might suggest that raised disease levels in group housing are a genuine disadvantage rather than just a perception, although most of the literature does not support this (Costa et al., 2016).  Another cause for this finding may be linked to a reduced ability of staff to identify ill calves early in the disease course when housed in groups rather than individually. It is possible to identify sick calves in group pens through signs such as longer lying times and reduced activity (Duthie et al., 2020) but this requires high levels of attention to detail by stock people. This highlights an area where staff training could be improved, with selection of appropriate communication strategies by veterinary advisors to engage farmers (Jansen et al., 2010b), and then helping to establish calf management tools such as treatment plans and checklists (Jansen et al., 2010a). Another area that could aid stockmanship in group housing is the adoption of more computerised calf feeders. Their use was found to be low in this survey (only 2.3%), but they do allow identification of individual calf feeding levels and drinking speeds, which can highlight sick calves up to three days earlier than calf personnel (Knauer et al., 2018). 
The other highly significant difference in housing perception was that surrounding the ability of calves to interact socially and to have larger space (P < 0.01). A total of 44.4% of farmers currently using group housing considered the lack of social interaction and space to be a significant disadvantage of individual housing, compared to only 12.0% of people currently using individual housing (P < 0.01). This difference may be due to experiences and observations of calf play behaviours by farmers using group housing, with group housed calves often having increased play behaviours associated with more available space (Tapki et al., 2006). Conversely, farmers who use individual pens may not consciously want to acknowledge play activity as being an important aspect of calf behaviour due to the animals’ reduced ability to demonstrate it in this housing type.

CONCLUSION
This survey has established the prevalence of many different calf management strategies currently being used within the UK. Key areas identified to improve knowledge transfer is the low level of regular veterinary involvement in day-to-day health decision making for calves, highlighting the need for appropriate staff training and SOPs to ensure prudent antimicrobial usage whilst maintaining calf health. The survey also found that restricted calf milk feeding is still highly prevalent and, although at relatively low levels, euthanasia of bull calves and feeding of antimicrobial waste milk to calves is still happening on some farms. All of these issues need to be addressed to improve calf health and welfare. With regard to housing, there has been a reduction in the use of individual calf pens, even though farmer perceptions indicated that individual housing can help with calf health and feed monitoring. This trend is being driven by supermarket policy to improve public perceptions of calf welfare. Our results indicate that this change in calf housing type has an impact on the required stockmanship skills. The study also found that not all farmers provide fresh bedding to calves on a daily basis, and in conjunction with relatively few farmers disinfecting both the calf housing and ground, this highlights an area that could be negatively impacting on calf enteric health.
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Figure Legends
Figure 1. Map of UK showing the number of respondents by region.
Figure 2. Distribution of herd size in the survey (n = 216 farms).
Figure 3. Average 305 day milk yields of respondents (n = 216 farms).
Figure 4. Venn diagram of the criteria farmers used to decide when to wean calves.
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Figure 1. Map of UK showing the number of respondents by region.
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Figure 2. Distribution of herd size in the survey (n = 216 farms)
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Figure 3. Average 305 day milk yields of respondents (n = 216 farms).
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Figure 4. Venn diagram of the criteria farmers used to decide when to wean calves.


Table 1. Summary information on survey respondent demographics. The denominator population was 216 farms.
	Variable 
	Category 
	Frequency 
	Percentage 

	Age range of respondent, years
	Under 20
	2
	0.9

	
	20-29
	38
	17.6

	
	30-39
	46
	21.3

	
	40-49
	55
	25.5

	
	50-59
	39
	18.1

	
	60 or over
	16
	7.4

	
	No answer
	20
	9.3

	Time working in the dairy industry, years
	0-3
	7
	3.2

	
	4-7
	15
	6.9

	
	8-11
	14
	6.5

	
	12-15
	19
	8.8

	
	16-20
	27
	12.5

	
	>20
	131
	60.6

	
	No answer
	3
	1.4

	Role on farm
	Owner/ tenant
	140
	64.8

	
	Manager
	25
	11.6

	
	Herdsman
	12
	5.6

	
	Worker
	9
	4.2

	
	Family member working on farm
	29
	13.4

	
	No answer
	1
	0.5




Table 2. Summary information on farm employee numbers

	Employee descriptor
	Mean
	St. Dev
	Median
	Range

	Full time employees
	4.3
	1.3
	3
	0-40

	Part time employees
	1.8
	1.4
	1
	0-7

	Unpaid assistance
	0.9
	1.1
	1
	0-9




Table 3. Summary information on farm demographics. The denominator population was 216 farms.
	Variable
	Category
	Frequency
	Percentage

	Type of farm
	Dairy
	139
	64.4

	
	Dairy and beef
	45
	20.8

	
	Dairy and sheep
	15
	6.9

	
	Other 
	16
	7.4

	
	No answer
	1
	0.5

	Type of dairy enterprise
	Conventional
	201
	93.1

	
	Organic
	12
	5.6

	
	In conversion to organic
	1
	0.5

	
	Other 
	12
	5.6

	
	No answer
	1
	0.9

	Milk buyer
	Arla
	63
	29.2

	
	Dairy Crest
	6
	2.8

	
	First Milk
	9
	4.2

	
	Muller
	56
	25.9

	
	Other
	68
	31.5

	
	Prefer not to say
	10
	4.6

	
	No answer
	4
	1.9

	Predominant herd breed
	Ayrshire
	3
	1.4

	
	British Friesian +/- crossbred
	23
	11.1

	
	Holstein
	53
	24.5

	
	Holstein Friesian +/- crossbred
	105
	48.7

	
	Jersey +/- crossbred
	7
	3.2

	
	Kiwi +/-  crossbred
	14
	6.5

	
	Other 
	9
	4.2

	Calving pattern
	All year round
	129
	59.7

	
	Autumn block
	40
	18.5

	
	Spring block
	22
	10.2

	
	Multi-block
	22
	10.2

	
	No answer
	3
	1.4

	TB restrictions in place1
	Yes
	36
	16.7

	
	No
	179
	82.9

	
	No answer
	1
	0.5


1 In the UK, farms are routinely tested for the presence of TB, and if positive cattle are identified, animal movement restrictions are placed on the farm which might affect calf management.

Table 4. Milk feeding management of calves
	Variable 
	Category 
	Frequency
	Percentage

	Type of milk fed
	Calf milk replacer powder
	114
	52.8

	
	Fresh bulk tank milk
	58
	26.9

	
	Acidified bulk tank milk
	3
	0.9

	
	High SCC milk
	11
	5.1

	
	Waste antimicrobial milk
	8
	3.7

	
	No answer
	23
	10.6

	Milk feeding frequency
	Manually once daily1
	1
	0.5

	
	Manually twice daily
	189
	87.5

	
	Manually three times daily
	2
	0.9

	
	Automated calf feeder
	5
	2.3

	
	Ad-lib feeder
	4
	1.9

	
	Other
	6
	2.8

	
	No answer
	9
	4.2

	Milk feeding method
	Individual bucket
	49
	22.7

	
	Shared bucket
	2
	0.9

	
	Individual teat feeder
	85
	39.4

	
	Group teat feeder
	50
	23.1

	
	Other
	11
	5.1

	
	No answer
	19
	8.8

	Total volume of milk the calf was initially fed
	2L
	14
	6.5

	
	3L
	14
	6.5

	
	4L
	66
	30.6

	
	5L
	36
	16.7

	
	6L
	47
	21.8

	
	7L
	7
	3.2

	
	8L
	5
	2.3

	
	                  Ad-Lib
	14
	6.5

	Total maximum volume of milk fed per day
	2L
	2
	0.9

	
	3L
	14
	6.5

	
	4L
	12
	5.6

	
	5L
	30
	13.9

	
	6L
	56
	25.9

	
	7L
	12
	5.6

	
	8L
	22
	10.2

	
	 Ad-Lib
	14
	6.5

	Does farmer increase milk feeding in cold weather?
	Yes
	62
	28.7

	
	No
	90
	41.7

	
	No answer
	64
	29.6

	Use of calf jackets
	Yes
	121
	56

	
	No
	80
	37

	
	Other
	12
	5.6

	
	No answer
	3
	1.4


 1Only legally permissible in the UK for calves older than 4 weeks.

Table 5. Summary of cleaning techniques used between calves using the same housing. The denominator population was 216 farmers, but respondents could select multiple answers.	
	Cleaning technique used
	Frequency
	Percentage

	All bedding was removed
	155
	71.8

	Ground was cleaned
	98
	45.4

	Ground was disinfected
	103
	47.7

	Housing material was washed
	107
	49.5

	Housing material was disinfected
	82
	38.0

	Area was left unused for a period of time
	89
	41.2

	Only additional fresh bedding was put on top of existing bed
	28
	13.0

	No response
	11
	5.1




Table 6. Change in calf housing type prior to weaning. The denominator population was 216 farmers.
	Change in calf housing type 
	Frequency
	Percentage

	From individual into pair pen
	11
	5.1

	From individual into >2 calf group pen
	45
	20.8

	From pair into group pen
	25
	11.6

	No change in housing group
	87
	40.3

	No answer
	48
	21.9




Table 7. The type of individual calf pen used by farmers. The denominator population was 83 farmers.
	Type of individual calf pen used
	Frequency
	Percentage

	Agri-plastics hutch
	7
	8.4

	Calf-tel hutch
	23
	27.7

	Pens with metal bar dividers
	41
	49.4

	Pens with solid plastic walls
	7
	8.4

	Pens with solid wooden walls
	3
	3.6

	Other 
	2
	2.4




Table 8. Summary of whether farmers using individual calf pens would try pair housing of calves. The denominator population was 83 farmers.
	Would farmers try pair housing?
	Frequency
	Percentage

	Yes, to reduce labour and make better use of space
	3
	3.6

	Yes, to improve social interaction
	6
	7.2

	Yes, milk contract stipulates have to
	9
	10.8

	Yes, other
	11
	13.3

	No, pen design/changes + costs
	4
	4.8

	No, individual management better and less disease
	24
	28.9

	No, don’t want any cross sucking
	8
	9.6

	No, other
	4
	4.8

	No answer
	14
	16.9





Table 9. Comparison of the perceived benefits of calf housing type for farmers that did and did not use that type of housing. Respondents could provide multiple answers, with the denominator population given in brackets.1
	
	Perceived effect
	Farmers using that calf housing, % (n)
	Farmers NOT using that calf housing, % (n)
	 χ2  

	Benefits of individual housing
	Monitoring of feed/health
	65.1 (54/83)
	15.8 (21/133)
	<0.01*

	
	Perceived health benefits/ biosecurity
	42.2 (35/83)
	40.6 (54/133)
	0.82

	
	No navel sucking
	12.0 (10/83)
	8.3 (11/133)
	0.36

	
	Other
	8.6 (8/83)
	3.8 (5/133)
	0.077#

	Disadvantages of individual housing
	Labour/time to feed, bed, clean
	27.7 (23/83)
	26.3 (35/133)
	0.82

	
	Social interaction/ lack of calf space or farm space
	12.0 (10/83)
	44.4 (59/133)
	<0.01*

	
	Public view/ policy
	3.6 (3/83)
	5.3 (7/133)
	0.58

	
	No disadvantage
	13.3 (11/83)
	8.3 (11/133)
	0.24

	
	Other
	7.2 (6/83)
	1.5 (2/133)
	0.03*

	Benefits of group housing
	Ease of feeding/ labour efficient/ management
	50.8 (96/189)
	14.8 (4/27)
	<0.01*

	
	Better socialisation/ health benefits
	41.8 (79/189)
	18.5 (5/27)
	0.12

	
	Larger pens/ existing pens
	21.2 (40/189)
	11.1 (3/27)
	0.091#

	
	Other
	6.9 (13/189)
	11.1 (3/27)
	0.53

	Disadvantages of group housing
	Cross sucking
	12.2(23/189)
	7.4 (2/27)
	0.47

	
	More disease spread/ higher risk disease
	45.0 (85/189)
	25.9 (7/27)
	0.061#

	
	Calf bullying, especially at feeders
	9.5 (18/189)
	7.4 (2/27)
	0.72

	
	Harder to feed/ monitor feeding/ need good stockmanship
	10.6 (20/189)
	18.5 (5/27)
	0.23

	
	Other
	0.5 (1/189)
	3.7 (1/27)
	0.11


1A chi squared comparison was carried out at each variable, with * indicating a significant difference at P < 0.05 level and # a trend P < 0.1
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