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Absract. 1. Standardised data on flock husbandry were recorded on 149 broiler farms 34 during the 4 days prior to slaughter. 35 2. Birds were examined at the slaughterhouse for contact dermatitis lesions. Foot pad 36 dermatitis score (FPDS) and hock burn score (HBS) were measured on five point scales. 37

Carcase rejection data were also collected. 38 3. The mean percentage of birds in each flock with: moderate or severe foot lesions was 39 11.1% (range 0% -71.5 %); moderate or severe hock burn was 1.3% (range 0% -33.3%); 40 and, breast burn was 0.02%. 41 4. A general linear model was developed to examine factors associated with mean flock 42 FPDS. Assuming a linear relationship, within the range of data collected and with all 43 other factors remaining the same, every 1% increase in the proportion of Genotype A 44 birds in the flock was associated with an increase in mean FPDS of 0.003, every 1-point 45 increase in litter score was associated with a 0.326 increase in mean FPDS and every 1-46 point increase in flock mean HBS was associated with a 0.411 increase in mean FPDS. 47

Flock mean FPDS was associated with feed supplier and was higher in winter. 48 5. The general linear model developed for flock mean HBS, found that every 1-point 49 increase in mean FPDS increased mean HBS by 0.090, every 1-point increase in litter 50 score increased HBS by 0.119 and, every 1% increase in small/emaciated birds decreased 51 mean HBS by 0.333. Reduced HBS was also associated with increased final litter depth, 52 younger slaughter age and an increased percentage of dietary wheat. For every 1% 53 increase in Genotype A birds, a decrease in flock mean HBS of 0.003 would be expected.

Contact dermatitis is an ulcerative condition of the skin affecting the plantar surface of 58 the feet (foot pad dermatitis), the hock (hock burn) and the breast (breast burn). All 59 conditions may occur together in a single bird. Contact dermatitis lesions are thought to 60 be caused by a combination of litter moisture and the chemical burning effect of 61 ammonia from urea in the litter [START_REF] Tucker | Hock Burn in Broilers[END_REF]Gordon and Tucker, 1993) 62 and are therefore likely to cause pain, as a result of tissue trauma, the degree of which 63 will vary with lesion severity. In addition, there is some evidence that the incidence and 64 severity of contact dermatitis may reflect litter and air quality in the house over the flock 65 cycle, thus reflecting welfare aspects other than pain [START_REF] Martland | Ulcerative dermatitis in broiler chickens: the effects of wet 625 litter[END_REF]Tucker and 66 Walker, 1992). For this reason, the incidence and severity of contact dermatitis may be 67 used as a welfare assessment measure in commercial broiler production systems in the 68 UK, either by individual companies or by accreditation schemes, such as (RSPCA, 2002). 69

Currently hock burn lesions, rather than foot or breast burn, are routinely measured and 70 recorded in the UK. 71

In the Swedish broiler industry, incidence and severity of foot pad dermatitis are 72 measured routinely for all flocks and the scores used to determine permitted stocking 73 density on farm, as part of the Swedish Care Program [START_REF] Ekstrand | Prevalence and 601 control of foot-pad dermatitis in broilers in Sweden[END_REF]. For this 74

Program, the maximum permitted stocking density may be abated, for subsequent flocks 75 in a house, in response to a combined measure of the incidence and severity of foot pad 76 dermatitis in birds from the house, as measured at the processing plant. The poorest-77 performing farms are limited to stock at 20 kg per m 2 , whereas the best are permitted to 78 stock at 36 kg per m 2 , with gradations between these [START_REF] Ekstrand | Prevalence and 601 control of foot-pad dermatitis in broilers in Sweden[END_REF]. The 79 provisions of the current draft of the proposed EU Broiler Directive are based on the 80 Swedish Care Program and include, among other provisions, a requirement for the 81 measurement of the incidence and severity of foot pad dermatitis at processing plants, 82 which would then be used to determine permitted stocking density of birds in subsequent 83 flocks on farm. 84 Factors affecting the incidence and severity of contact dermatitis for a broiler 85 flock have been reviewed by [START_REF] Bray | Effects of nutrition and drinker design on litter 592 condition and broiler performance[END_REF] and by [START_REF] Tucker | Hock Burn in Broilers[END_REF]. 86

These authors concluded that hock, foot and breast burn are primarily affected by: drinker 87 design; feed composition (including fat and protein quality and inclusion rates, and salt 88 content); house temperature and relative humidity, as affected by provision of heating, 89 ventilation system specification, design and operation and thermal quality of wall and 90 ceiling materials; litter type and quality; floor permeability; and stocking density. The 91 effect of leg weakness on contact dermatitis lesions was not examined in these studies. 92 However, a high incidence of leg weakness was weakly but significantly correlated with 93 increased hock burn and foot pad dermatitis in two later studies (Sorensen and Kestin 94 1999;[START_REF] Su | Meal feeding is more effective than early 649 feed restriction at reducing the prevalence of leg weakness in broiler chickens[END_REF]. The use of very shallow litter has been shown to produce dry litter 95 [START_REF] Von Wachenfelt | Air contamination in poultry production systems[END_REF] through aeration by birds and to reduce footpad dermatitis 96 [START_REF] Ekstrand | Rearing conditions and foot-pad 598 dermatitis in Swedish broiler chickens[END_REF]. Deficiencies in some micronutrients, including biotin, zinc, 97 copper, molybdenum and sulphur-containing amino acids, have been shown to increase 98 contact dermatitis by various authors, reviewed by [START_REF] Haslam | The development of a Unitary Index for the Assessment of 610 Welfare in Meat Chickens[END_REF], and may account for 99 the finding that feed supplier has been found to be correlated with the incidence and 100 severity of hock burn [START_REF] Mcilroy | A contact dermatitis of 633 broilers -epidemiological findings[END_REF] and foot pad dermatitis (Ekstrand et al., 101 1998). Thus, there is evidence that the incidence and severity of contact dermatitis may 102 reflect many aspects of bird welfare, as well as being a direct source of pain, and so may 103 indeed be a valid assessment measure for broiler welfare. 104

The prevalence of footpad dermatitis in the Swedish broiler flock has been 105 determined [START_REF] Ekstrand | Prevalence and 601 control of foot-pad dermatitis in broilers in Sweden[END_REF]) and incidence and severity of breast burn and hock 106 burn in commercial flocks in Northern Ireland recorded, before and following an 107 incentive scheme for farmers to reduce hock burn levels [START_REF] Mcilroy | A contact dermatitis of 633 broilers -epidemiological findings[END_REF]Menzies et 108 al., 1998). However, the incidence and severity of these contact dermatitis lesions in the 109 UK was not known, with the consequence that the effect of the draft Broiler Directive on 110 the UK broiler chicken industry could not be predicted. Furthermore, previously, there 111 was insufficient scientific evidence of the extent to which incidence of contact dermatitis, 112 recorded at the processing plant, reflect leg health and bird welfare or how various 113 aspects of husbandry on farm affect contact dermatitis. Existing studies, discussed above, 114 were scant, several were old and many were not relevant to current bird genotypes and 115 contemporary husbandry systems or were based on studies in European countries other 116 than the UK, where husbandry systems, bird stocking densities and slaughter weights 117 often differ from those usual in the UK broiler industry. In addition, experimental studies 118 on contact dermatitis are not always directly relevant to birds in commercial conditions. 119 This paper reports on a study to determine the incidence and severity of contact 120 dermatitis lesion in the UK broiler flock, measured at the processing plant, and examines 121 the effect of various aspects of flock health and husbandry on these. 122

123

MATERIALS AND METHOD 124

This study made use of some of the data collected for a large on-farm, 125 epidemiological study of broiler leg health (Knowles et al., 2007). Five major UK broiler 126 companies took part in these studies: these companies allowed access to any of their 127 which took place over a period of 18 months, assessors were sent, at approximately 6 and 145 12 months, a tape containing video sequences of the range of gait scores. The scoring of 146 the tapes was monitored to ensure that the assessors remained standardised (Knowles et 147 al. 2007) including culling for leg weakness. Background information about the management of the 167 flock, was also recorded, including: bird:stockperson ratios; age and broiler growing 168 experience of stock people and their training and qualifications; background information 169 about the site and company, including size of sheds, number of birds on site; and, types of 170 biosecurity measures in place. Fifteen additional assessments were made by the recorder 171 alone, covering aspects such as air quality, cleanliness and feed quality. Air quality, 172 cleanliness and feed quality were assessed on 4-point simple descriptive scales. Two 173 hundred and fifty birds were gait scored within the house, selected at random, by 174 reference to a pre-randomised location identifier. Birds were selected from 10 locations, 175 in groups of 25 to 30, by corralling at each location using a hinged catching pen. Each 176 bird was individually encouraged to walk out of the pen and was scored as it did so 177 (Knowles et al. 2007). At each location, litter quality was assessed by the method 178 described by [START_REF] Tucker | Hock Burn in Broilers[END_REF]) on a Numerical Rating Scale of between 1 (dry 179 and crumbly) and 5 (capped and wet). Eight lame and two sound birds were selected, 180 killed using intravenous barbiturates and weighed prior to post mortem examination. 181 Of the 206 flocks visited on farm, 149 were scored for contact dermatitis lesions at 182 the processing plant. Three observers were trained to record levels of foot pad dermatitis 183 and hock burn by standardised methods, using 5-point scales: scores given on these scales 184 were termed the Foot Pad Dermatitis Score (FPDS) and Hock Burn Score (HBS) 185 respectively. The photographic system used for the collection of foot pad dermatitis was 186 that used routinely by the Division of Farm Animal Science at the University of Bristol 187 and that used to collect hock burn data was that used routinely at the Agricultural 188 Development and Advisory Service (ADAS), Gleadthorpe, [START_REF] Tucker | Hock Burn in Broilers[END_REF]. 189

A breast burn recording system was not developed as very few lesions were seen 190 during pilot visits to plants. For the final plant visit protocol, the period assigned to breast 191 burn recording was reduced, from a total period per flock of 15 min to a total period of 192 three minutes, all birds passing the assessment point during the assessment period were 193 assessed, rather than a subsection as for hock burn and foot pad dermatitis: breast burn 194 was recorded as either as "absent" or "present". 195

The three plant data observers were standardised for recording contact dermatitis 196 lesions during a number of pilot plant visits. The degree to which the observers were in 197 agreement was examined statistically, by calculating the Coefficient of Concordance 198 (Kendall's W), where 0 indicates no agreement and 1 indicates complete agreement. 199

Agreement for foot pad dermatitis and hock burn recording, on a 3-point scale was poor 200 during three pilot visits while agreement for recording on the 5-point scale was good. The 201 5-point FPDS for foot pad dermatitis recording and the 5-point HBS for hock burn 202 recording, discussed earlier, were therefore adopted for data collection for this study. 203

Several standardisation and re-standardisation visits were made between November 2002 204 and March 2003. For these trials, Kendall's W was found to range between 0.55 and 1.0, 205 but with most values between 0.8 and 0.9. 206 For the final protocol, the standardised recorders conducted three recording 207 cycles, scoring foot pad dermatitis lesions and hock burn lesions for 5 min, for a 208 proportion of birds passing the inspection point immediately after bird defeathering at the 209 processing plant. The recording periods were made near the beginning, at the end and in 210 the middle of the flock to ensure that the samples taken were representative of the whole 211 flock and not just one part of the flock or loading cycle. A proportion, selected at random, 212 of the birds passing the observation point in the allocated time was assessed, because the 213 speed of the line precluded assessment of every bird. The total number of birds with each 214 lesion score was expressed as a percentage of the total number of birds assessed, as the 215 total number of birds assessed in the time allocated varied with line speed and lesion 216 distribution (if most birds had lesion scores 0, for example, the speed of assessment was 217 greater than where the lesion scores were more varied). 218

Breast burn lesions were assessed immediately after bird defeathering for all birds 219 for a period of one minute, for three different periods. The line speed was then calculated 220 by measuring the number of birds passing the observation point during one minute. The 221 total number of birds with breast lesions was expressed as a percentage of the total 222 number of birds assessed, which was calculated using the line speed. 223

When the entire flock had been processed, the recorder collected the Meat Hygiene 224 Service (MHS) carcase rejection data recorded by MHS personnel on the plant, including 225 the total number of carcases rejected, the number of birds found Dead on Arrival (DoAs) 226 and the number birds classified as small or emaciated. 227

Data analysis 228

For each flock, contact dermatitis data collected at the processing plant was converted to 229 a percentage of the total birds assessed, for hock burn, foot pad dermatitis and breast 230 burn. The mean, standard error and range of levels of each class of contact dermatitis, 231 were calculated. The Kolmogorov-Smirnov test statistic was calculated for flock mean 232 

Descriptive statistics and distribution frequencies 276

The mean, standard error and range of each class of contact dermatitis are summarised in 277 Table 1. Thus, for the UK flocks studied, the mean percentage of birds with moderate 278 (FPDS 3) or severe (FPDS 4) foot lesions was 11.02%, ranging from 0% to 71.51%. The 279 mean percentage of the flock found to have moderate or severe hock burn was 280 considerably less, at 1.29%, ranging from 0% to 33.33% while the mean percentage of 281 the flock found to have breast burn was very small, at only 0.02%. 282

The frequency distributions for flock mean FPDS from this study and the flock mean 283 HBS are presented in Figures 1 and2. 284

Bivariate correlations 285

The Kolmogorov-Smirnov test statistics for foot pad dermatitis, hock burn and breast 286 burn, and most other variables, were greater than 0.210 and were significant, indicating 287 that they did not have normal distributions. It was therefore necessary to use 288 nonparametric tests for testing for correlations between variables, which do not make 289 distributional assumptions [START_REF] Petrie | Chapter 11 Non-parametric statistical tests[END_REF]. The significant bivariate 290 correlations between flock mean FPDS and HBS with the different measures of stocking 291 density, bird weight and age, and litter quality are presented in Table 2. The Spearman's 292 rho statistic, for analysis of bivariate correlations between nonparametric variables, is 293 presented for each significant, or close to significant, correlation. 294 Flock mean FPDS and HBS were very weakly, and close to significantly correlated, 295 in this study, although each of these contact dermatitis measures showed significant or 296 very significant correlations with different variables. Flock mean FPDS had a fairly 297 strong, and very significant, positive correlation with litter quality and was weakly, 298 positively correlated with stocking rate. Mean flock HBS was not correlated with either 299 of these variables, but did have very significant correlations with other variables, 300 including strong and fairly strong positive correlations with live weight and age at 301 slaughter and a very significant, weak correlation with BLI: flock mean FPDS was not 302 correlated with these variables. Flock mean HBS was weakly or very weakly negatively 303 correlated with many other measures of stocking density, which was an unexpected 304 finding. There was a fairly weak, very significant positive association between birds that 305 were DoA at the processing plant and flock mean HBS and a very weak, significant 306 positive association between total carcase rejection rate and flock mean HBS: neither of 307 these variables was associated with flock mean FPDS. Mean bird gait score was weakly 308 associated with flock mean HBS but was not associated with FPDS. 309

Univariate general linear model 310

The GLM Univariate procedure provides regression analysis and analysis of variance 311 (ANOVA) for one dependant variable by one or more variables. ANOVA calculations are 312 robust for departures of a variable from a normal distribution. Inspection of the residuals 313 from the models developed for flock mean FPDS and HBS indicated that these variables 314 could satisfactorily be treated as continuous. The univariate model developed to account 315 for the variability in the data with respect to flock mean FPDS is presented in Table 3. 316

Thus the percentage of birds that were Genotype A, the average litter score, feed 317 supplier, HBS and the season of the year accounted for 36.6% of the variability in flock 318 mean FPDS between farms. The equation for the univariate general linear model for flock 319 mean FPDS is: 320 The model was based on data in which the percentage of Genotype A birds ranged 323 between 0% and 100%, mean litter scores ranged between 1 and 4.9 and mean flock HBS 324 ranged between 0% and 1.8%. From this model, assuming a linear relationship, all other 325 factors constant, an increase in percentage Genotype A birds of 1% will result in an 326 increase in mean FPDS of 0.003, an increase in litter score of 1.0 will result in an 327 increase in mean FPDS of 0.360 and an increase in mean HBS of 1.0 will be associated 328 with an increase in mean FPDS of 0.411. Feed supplier was also associated with foot pad 329 dermatitis score, such that integrated, rather than independent, suppliers were associated 330 with an increase in mean FPDS of 0.387, although this was strongly associated with one 331 independent supplier which supplied just one of the companies and so could be 332 confounded. The model also identified a significant seasonal variation in incidence of 333 foot pad dermatitis, which could account for up to 5% of variation in flock mean FPDS 334 and which was not identified using the bivariate correlations, due to the cyclical nature of 335 the seasonal effect. The incidence of foot pad dermatitis was significantly higher in the 336 winter than in the summer. 337

The univariate model developed to account for the variability in the data with respect to 338 flock mean HBS is presented in Table 4. Thus, the percentage of birds which were 339 Genotype A , percentage of wheat in diet 3, bird age at slaughter, foot pad dermatitis 340 score, final litter depth, percentage of birds which were classed by the MHS as small or 341 emaciated birds, average litter score, and the hatchery of origin, accounted for 56.0% of 342 the variability in mean HBS between flocks. The equation for the model for flock mean 343 HBS is: 344 HBS = -0.887 -0.002 GENOTYPEA -0.022 WHETDT3 + 0.037 AGEATSLA + 0.090 345 FOOTSCOR -0.015 FNLTDPTH -0.333 RC6 + 0.119 SAMPLEDL + 2.459 346 HATCHERY 347

The model was based on data in which the percentage of Genotype A birds ranged 348 between 0% and 100%, the percentage of wheat in diet 3 ranged between 0% and 30%, 349 age at slaughter ranged between 33 days and 58 days, average FPDS ranged between 0 350 and 3, litter depth ranged between 1cm and 20cm, percentage of small or emaciated birds 351 ranged between 0% and 2.15% and litter scores ranged between 1 and 4.9. From this 352 model, assuming a linear relationship, an increase in average FPDS of 1.0, within an 353 average flock, will result in an increase in flock mean HBS of 0.090, an increase in litter 354 score of one will result in an increase in flock mean HBS of 0.119 and, for every 355 percentage increase in birds which were classed by the MHS as small or emaciated birds, 356 a decrease in flock mean HBS of 0.333 would be expected. Similarly, for every 357 centimetre increase in final litter depth, within an average house, a decrease in average 358 flock mean HBS of 0.0.015 would be expected, an increase in age at slaughter of one day 359 will result in an increase in flock mean HBS of 0.037 and an increase in the percentage of 360 wheat in diet 3 of 1% will result in a decrease in flock mean HBS of 0.022. For every 361 percentage increase in Genotype A birds, within a house, a decrease in flock mean HBS 362 of 0.003 would be expected. This model also identified an effect of the hatchery from 363 which the chicks were derived on flock mean HBS, with each hatchery having a different 364 degree of effect. 365 The mean flock percentage of moderate plus severe foot pad dermatitis lesions found in 368 this study was 11.02%, ranging from 0 to 71.51%. This is very similar to that found in 369 Swedish flocks, by [START_REF] Ekstrand | Rearing conditions and foot-pad 598 dermatitis in Swedish broiler chickens[END_REF], who also quantified foot pad dermatitis of 370 birds at the slaughter plant and found the mean prevalence of mild and severe lesions to 371 be 38%. However, these studies were carried out in Swedish flocks over 10 years ago (in 372 1994 and 1996) and husbandry conditions and bird genotypes may have differed from 373 those examined in this current study. In particular, it is uncommon for flocks to be 374 thinned in Sweden (Ekstrand, personal communication). 375

A very recent study of UK flocks, measured at two processing plants, found that the 376 prevalence of foot pad dermatitis was twice as high in flocks from one of the plants than 377 from the other [START_REF] Pagazaurtundua | Measurements of foot pad dermatitis 638 in broiler chicken at processing plants[END_REF]. However, for their study birds were 378 taken from only two plants and collected from one plant in September and October, and 379 from the other in June, July and August, the authors therefore concluded that the results 380 may not be representative of the whole UK broiler flock. They suggested 18.1% as an 381 initial indication of the overall incidence of foot pad dermatitis in UK broilers, with 382 10.2% being scored as 3 or 4 on the 4-point scale used in their study. 383

The flock mean percentage of moderate plus severe hock burn lesions found in this 384 current study was 1.29%, ranging from 0 to 33.33%. This is low in comparison to that 385 reported for flocks in Northern Ireland by [START_REF] Mcilroy | A contact dermatitis of 633 broilers -epidemiological findings[END_REF], of 21% and by Menzies 386 et al. (1998), of 7%, although, for these studies, hock burn was measured on a two-point 387 scale (0 or 1) and it is unclear whether very mild or mild lesions were scored as 0 or 1. 388

All of these studies recorded the hock burn incidence of birds at the slaughter plant. 389 However, details of the scale(s) used were not reported. 390

The flock mean percentage of birds with breast burn lesions found in the current 391 study was 0.002%, ranging from 0 to 0.12%. This is very low in comparison to that 392 reported by [START_REF] Mcilroy | A contact dermatitis of 633 broilers -epidemiological findings[END_REF], of 0.3%, and by [START_REF] Bruce | The epidemiology of a 594 contact dermatitis of broilers[END_REF], of 0.2%, but 393 similar to that found by, [START_REF] Menzies | 635 An update on the epidemiology of contact dermatitis in commercial broilers[END_REF], of 0%, in flocks in Northern Ireland. No 394 ranges were reported for these studies. 395 However, it is possible that the flocks examined for this study may not completely 396 reflect the full cross section of UK poultry flocks. For example, the Broiler Production 397

Companies collaborating with this project volunteered to do so rather than being selected 398 at random, and they therefore may represent those companies with a more positive 399 interest in broiler health and welfare. Farmers supplying these companies might therefore 400 receive both more information concerning preventative health strategies, and more 401 encouragement to use them, than farmers supplying companies which were not involved 402 with this project. There exists, therefore, the possibility that the results presented for this 403 study may underestimate the incidence of hock burn and foot pad dermatitis in the UK 404 boiler industry. However, the sample taken for this study was selected at random from 5 405 of the largest broiler production companies in the UK, which between them slaughter an 406 estimated 420 million birds annually (Cook, personal communication 2006), and 407 therefore represents approximately 50 per cent of the UK's annual production of broiler 408 chicken, estimated in 2004 to be 805 million birds [START_REF] Leidahl | Poultrymeat output to top 80 million tonnes. Executive guide to 623 world poultry trend[END_REF]. 409

The positive bivariate correlation found between flock mean FPDS and litter quality 410 is unsurprising, as it might be expected that poorer litter quality would result in an 411 increase in contact dermatitis. Similarly, the correlation found between flock mean FPDS 412 and stocking rate is expected, as a greater density of birds would be likely to cause poorer 413 litter quality due to the production of a greater volume of faeces, with a resulting increase 414 in contact dermatitis. However, where flocks have been thinned, a very common 415 procedure in the UK, such an association is not as clear cut as it would depend on how 416 long before slaughter a house was thinned and on how rapidly, post thinning, litter quality 417 improves and lesions heal, if at all. 418

Live weight and age at slaughter and BLI are likely to co-vary, which accounts for 419 them all having significant positive correlations with flock mean HBS (see Table 2). This 420 covariance may also account for the fact that neither BLI nor bird weight appeared in the 421 univariate linear model developed to account for the variation in flock mean HBS, 422 discussed below, while bird age did. Clearly as bird age at slaughter increased, so weight 423 and BLI increase, so age accounted for a large part of the variation of all of these 424 variables. 425

The negative correlation of some other measures of stocking density with flock mean 426 FBS may appear, superficially, to be counterintuitive, because it might be expected that 427 greater density of birds would be likely to cause poorer litter quality with a resulting 428 increase in contact dermatitis. However, it may be that the effect of bird age and/or 429 weight has a much greater effect on incidence of hock burn than litter quality, so 430 "swamping" any effect that there might be, for flocks used in this study. It is of interest, 431 in this respect, that a very significant strong positive association between mean flock 432 HBS and BLI was found in this study. It is possible that BLI more closely reflects the 433 biological load going through a house during a flock cycle, and so the total volume of 434 faecal material deposited on the litter, than stocking density measured at one point in 435 time. Increased faecal deposition would be likely to cause poorer litter quality and 436 increased bacterial load. However, BLI is an artificial measure which does not take 437 account of birds removed due to thinning. 438 Alternatively, the method by which producers predict stocking density, using 439 standard growth curves, may account for the counter-intuitive negative association 440 between flock mean HBS and several measures of stocking density. Producers aim for a 441 target final stocking density, usually 38 kg per m 2 in the UK, using standard growth 442 curves that predict average performance for the bird genotype used, to determine the 443 stocking rate at which birds are placed and number of birds to be thinned prior to final 444 slaughter. Birds which perform better than the average, and so have a greater final 445 slaughter weight and possibly lower flock mortality, are likely to be birds least affected 446 by disease. They might therefore be more mobile, spending more time walking between 447 feeders and drinkers and so less time with hocks in contact with the litter, when hock 448 lesions might develop. 449 Furthermore, where birds grow more slowly due to enteric disease, or increase their 450 water consumption and excretion due to other types of disease, litter quality may 451 deteriorate for periods during the flock cycle, giving both lower stocking densities, 452 through slower growth and higher mortality, and higher incidence of hock burn. This 453 hypothesis is supported by the finding of a fairly weak, very significant association 454 between birds DoA and flock mean HBS and a weak, significant association between 455 total percentage of carcases rejected and flock mean HBS. Such increases in DoA and 456 carcase rejection rates may reflect diseased or injured birds which were immobile and so 457 sat with hocks in contact with poor litter causing an increase in the prevalence of hock 458 burn: a higher proportion of such diseased flocks are likely to die during transport or be 459 rejected for human consumption. It is significant that stocking density does not appear in 460 with stocking density: one study reported no correlation for flocks in Northern Ireland in 463 1994, but a significant correlation in 1993 [START_REF] Menzies | 635 An update on the epidemiology of contact dermatitis in commercial broilers[END_REF] while another found no 464 significant correlation for the same flocks in 1986/7 [START_REF] Bruce | The epidemiology of a 594 contact dermatitis of broilers[END_REF]): a third study did 465 find such an association [START_REF] Mcilroy | A contact dermatitis of 633 broilers -epidemiological findings[END_REF]. 466

As with many measures of stocking density, the lack of significant bivariate 467 correlation between incidence of flock mean HBS and litter quality appears counter 468 intuitive. However, for this study, litter quality was measured on one occasion only, 469 immediately prior to slaughter, and it is possible that hock lesions are initiated earlier in 470 the flock cycle so that litter quality measures taken late in the cycle do not consistently 471 reflect prevalence of hock burn at slaughter. However, [START_REF] Mcilroy | A contact dermatitis of 633 broilers -epidemiological findings[END_REF] and Bruce et 472 al. (1990) both found more hock and breast burn in flocks which had experienced an 473 episode of 'acute litter deterioration', although during 1993 and 1994 no acute outbreaks 474 of litter deterioration occurred for the same flocks. For these studies, the exact nature of 475 these 'acute outbreaks', is not described in terms of litter quality, but it may be that, for 476 flocks used in our study, no such 'outbreaks' occurred and so no significant correlation 477 was found. However, a very significant effect of litter quality on hock burn prevalence 478 was identified in our study in the general linear model developed for flock mean HBS. 479 From the differences in the aspects of flock husbandry for which significant bivariate 480 correlations were identified for each condition, it is clear that the aetiology and 481 pathogenesis of foot pad dermatitis and hock burn are not identical. However, because 482 our study measured prevalence of these lesions only after slaughter, we do not know 483 when in the flock cycle the lesions first appeared or which husbandry conditions 484 determined whether or not lesions would develop. In order to identify the husbandry 485 changes which might be made to reduce final incidence of foot pad dermatitis and hock 486 burn, and when during the flock cycle they should be made, it would be necessary to 487 carry out a longitudinal study, of the development and progression of each type of contact 488 dermatitis lesion. 489

One of the aims of our study was to determine the extent to which contact dermatitis 490 levels, recorded at the processing plant, reflect bird welfare on farm. In this respect, it is 491 of interest that a significant positive bivariate correlation was found between bird gait 492 score measured on farm and flock mean HBS. This is likely to be due to lame birds 493 spending longer periods sitting with hocks in contact with the letter. No association 494 between flock mean FPDS and gait score was found. 495

Clearly, the results of simple bivariate correlations may be misleading, as several 496 factors which all appear to have an overwhelming effect may simply be co-varying as a 497 group, and factors which have a small effect may be swamped by the effect of another 498 which has a much larger effect. For this reason, univariate general linear models were 499 developed, for foot pad dermatitis and hock burn, which eliminate these problems. Such 500 models seek to account for the variations in the target variable due to changes in other 501 measured variables, thus eliminating the effect of variables which co-vary. Clearly, there 502 is likely to be some variation of the target variable which is due to factors not measured 503 for any given study 504

In many respects the univariate general linear model developed to account for the 505 variability in flock mean FPDS is explicable. The variation with season may be a result of 506 poorer litter quality, due to ventilation rates being reduced in order to maintain house 507 temperatures. Clearly, reduction in ventilation rate is likely to reduce the rate of removal 508 of moisture and ammonia from the house, causing poorer litter. Other published studies 509 have also reported a significant correlation between litter quality and prevalence of foot 510 pad dermatitis [START_REF] Ekstrand | Rearing conditions and foot-pad 598 dermatitis in Swedish broiler chickens[END_REF][START_REF] Haslam | Preliminary study to examine the utility of using foot burn or 612 hock burn to assess aspects of housing conditions for broiler chicken[END_REF]. 511 Feed supplier is likely to have an effect through feed quality, either because the 512 consistency and constituents of the faeces are likely to affect the moisture content and pH 513 of the litter, or through an effect on skin integrity, possibly due to micronutrient 514 concentrations, reviewed by [START_REF] Mayne | A review of the aetiology and possible causative factors of foot pad 630 dermatitis in growing turkeys and broilers[END_REF]. An effect of feed supplier on occurrence of 515 foot pad dermatitis has also been identified by [START_REF] Ekstrand | Prevalence and 601 control of foot-pad dermatitis in broilers in Sweden[END_REF]. However, in the 516 current study, the effect of feed supplier might have been confounded by the effect of 517 producer as each producer used specific feed companies. [START_REF] Ekstrand | Rearing conditions and foot-pad 598 dermatitis in Swedish broiler chickens[END_REF] also 518 found that birds given nipple, rather than cup, drinkers and shallower litter depths were 519 associated with less foot pad dermatitis: this was not found in the current study. 520

It is initially surprising that no measure of stocking density appeared in the model 521 developed to account for the variation in flock mean FPDS, while a significant 522 association was identified between flock mean FPDS and stocking rate from the bivariate 523 correlations. This is likely to be because stocking rate was significantly correlated with 524 litter quality (Spearman's rho 0.38, P = 0.01): thus these two variables co-varied and only 525 one of these accounted for the variation of them both. The correlation of flock mean 526 FPDS with litter quality was stronger than that with stocking rate, presented in Table 2: 527 litter quality thus appeared in the model rather than stocking rate. However, no 528 association was found between any measure of stocking density or stocking rate and 529 incidence of foot pad dermatitis by [START_REF] Ekstrand | Rearing conditions and foot-pad 598 dermatitis in Swedish broiler chickens[END_REF], which was also reported by 530 [START_REF] Martrenchar | Risk factors for foot 627 pad dermatitis in chicken and turkey broilers in France[END_REF] and [START_REF] Dawkins | Chicken welfare is influenced 596 more by housing conditions than by stocking density[END_REF]: this in spite of the fact that several 531 studies have identified associations between stocking density and litter quality (Martland 532 1985;[START_REF] Bruce | The epidemiology of a 594 contact dermatitis of broilers[END_REF][START_REF] Tucker | Hock Burn in Broilers[END_REF][START_REF] Gardbo Thomsen | Influence of increasing stocking rates on performance and 604 carcass quality of broilers[END_REF], as found for 533 all measures of stocking density in this study. It would seem that variables other than 534 stocking density or stocking rate predominantly affect prevalence of foot pad dermatitis 535 in broilers when measured close to slaughter. 536

The model developed to account for variability in flock mean HBS is also explicable. 537

Factors which increase bird weight or age at slaughter, or which are related to reduced 538 litter quality, tend to increase hock burn, whilst those which tend to reduce weight at 539 slaughter, such as increasing percentage of wheat in feed or a greater proportion of small 540 and emaciated birds, tended to reduce it. Indeed whole grain or cracked wheat may be 541 incorporated into broiler diets for the purposes of slowing growth, as well as to stimulate 542 the gizzard and to encourage a healthy gut micro flora, at inclusion rates varying from 0 543 to 30% of the total feed. The model also identified a very significant effect of genotype, 544 with decreasing percentages of Genotype A birds in a flock, as opposed to Genotype B, 545 causing an increase in flock mean HBS although the effect was small. This may be due 546 to Genotype A birds having improved leg health, as found from data collected on farm 547 (Knowles et al. In prep. 2006), also reported by [START_REF] Kestin | Prevalence of 615 leg weakness in broiler-chickens and its relationship with genotype[END_REF]1999), and so 548 spending longer periods standing and walking, thus increasing contact time of feet with 549 litter with the full weight of the bird forcing the pad on to the litter, which in turn implies 550 they might have more foot pad dermatitis. 551 Surprisingly, no seasonal effect on hock burn was identified in this study. 552 However, published studies also show an inconsistent association between hock burn and 553 The inclusion of hatchery in the univariate model accounting for variation in hock 558 burn levels may result from differences in the ages of parent flocks supplying different 559 hatcheries, variation in chick quality or relative distance to each hatchery, although 560 further research would be required to determine which aspects of the hatchery affect 561 incidence of hock burn. 562

In conclusion, the current draft of the EU Broiler Directive proposes that incidence 563 of foot pad dermatitis be monitored in birds going through processing plants, and that this 564 incidence be used to determine the subsequent permitted stocking density of birds on the 565 farm of origin. Our study has found that, using combined measures of severity and 566 prevalence, foot pad dermatitis is more prevalent in UK flocks than hock burn. The 567 prevalence of breast burn in UK flocks is very low. Several factors have been identified, 568 from examination of bird husbandry conditions on the farm, which affect foot pad 569 dermatitis and hock burn and which are different for the two conditions. The results of 570 our study suggest that changes in some aspects of flock management, specifically 571 measures which improve litter quality, may reduce the incidence of foot pad dermatitis 572 and hock burn lesions. A strong seasonal effect on foot pad dermatitis was found which 573 was additional to the effect of litter quality. Litter quality may be improved using 574 ventilation and heating so as to maintain house temperatures and relative humidity, 575 although it is not clear when during the flock cycle litter quality is critical. A change of 576 feed supplier may reduce foot pad dermatitis and the use of Genotype B, rather than 577 Genotype A birds will reduce foot pad dermatitis, although the effect is small. 578 Factors which might be manipulated to reduce hock burn at slaughter are those 579 measures which improve litter quality, including increasing depth of litter at the end of 580 the flock cycle, possibly by adding fresh litter, and taking measures to reduce bird weight 581 at slaughter, including slaughtering at an earlier age, feeding meal rather than pelleted 582 food, increasing the percentage of wheat in the diet and using Genotype A, rather than 583 

F

  contract or company farms and to their processing plants. A random selection of farms 128 was surveyed. The 5 companies supplied full lists of their farms and flock visits by 129 assessors were randomised to farms and to a unit within the farm. The number of farms 130 visited per company was weighted by the number of birds produced by each company. 131 The survey unit was a flock of birds within a growing house within a farm: a total of 206 132 visits were made to each of 206 flocks, which were timed to occur within 4 d of 133 slaughter. 134 Farm data were collected by veterinary surgeons with postgraduate qualifications 135 in Poultry Medicine and Production or Welfare Science, Ethics and Law. The survey 136 team was comprised of 18 veterinary surgeons from a wide variety of backgrounds. To 137 ensure standardisation of assessment and data collection a formal, 5-d, training course 138 was established. The course included training on completion of on-farm assessment 139 forms and assessment of bird gait. Training in gait scoring was by means of on-farm 140 visits and video training sessions. The veterinary surgeons were continually assessed 141 during the training course until they had developed a uniform scoring technique. At the 142 end of the course, average scores given by all the assessors for video clips of 100 lame 143 birds, for each 'gait score', were within half a score. During the main phase of the survey, 144

FPDS

  and HBS, to test for normality of frequency distribution. 233Several measures of stocking density were calculated, including: stocking rate 234 (birds placed per square metre); Biological Load Index (BLI) (stocking rate minus 235 mortality x weight at kill); stocking density (bird weight per square metre) at age of 236 inspection; stocking density at kill; projected stocking density at kill on the day of the 237 farm visit; stocking density prior to each thinning; average stocking density prior to 238 thinning; and, highest stocking density throughout flock cycle. These were calculated 239 using recorded or predicted weights and bird numbers at the specific times during the 240 flock cycle, recorded during the farm visits. Predicted weights were calculated using 241 standard growth curves. Bird numbers were adjusted according to mortality figures and 242 previous thinnings, as recorded on house records. The utility and 243 accuracy of using BLI in analysis of these data is discussed later. 244The average litter quality score was calculated as the mean of the individual litter 245 scores. 246 Scatterplots were first examined for all correlations in order to check for non-247 linear relationships between the variables. Bivariate correlations were carried out between 248 each class of contact dermatitis and: each measure of stocking density; bird weight and 249 age; mean gait score of the birds assessed by the veterinary assessor; and, mean litter 250 quality score. The Spearman's rho statistic was calculated for each significant correlation, 251 to give an indication of the strength of all significant associations. 252 Finally, the plant data were analysed in conjunction with data gathered during farm 253 visits. Univariate general linear models were constructed to determine the aspects of 254 house specification and flock husbandry which accounted for most of the variability 255 found in the data affecting incidence of flock mean FPDS and HBS. Variables were 256 entered into the model pre-selected on the basis of the bivariate correlation results and 257 retained if P ≤ 0.05. The procedure was stepwise and P-values of 95% or greater were 258 accepted as significant. 259 From the model developed, the effect on each lesion score of a change in each 260 variable included in the model, for an otherwise average flock, was calculated. This was 261 done by first calculating the sum of the variable weightings in the model to give the f 262 value. The difference between the f value in the model and the f value for an increase in 263 that variable by one unit (the weighting of each variable), was then calculated to give the 264 change in lesion score which would result from a change in each variable of 1 unit, 265 expressed in the units used in development of the model. 266 Hock burn and foot pad dermatitis were recorded by trained, standardised 267 observers for 149 flocks. Data were collected from 8 different slaughter plants belonging 268 to 5 different companies, between September 2003 and March 2005, regularly throughout 269 the year: visits were suspended between the end of the standardisation period, February 270 2003, and September 2003 due to the risk of spreading avian influenza and a heat wave. 271 Foot pad dermatitis, hock burn and breast burn data were collected from approximately
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  linear model developed to account for variability of flock mean 461 HBS, discussed below. Published studies also report inconsistent correlation of hock burn 462

  et al. (1990) also found no significant seasonal effect on hock burn in 554 flocks in Northern Ireland in 1987/8, while McIlroy et al. (1987) had found such an 555 association, for the same flocks, in 1984/5. Menzies et al. (1998) found a seasonal effect 556 on contact dermatitis, in 1994, but no such correlation in 1993. 557

TABLE 1 .

 1 Genotype B, birds. Further research would be required to determine what aspects of 584 hatchery and transport of chicks to farms affect incidence of hock burn. 585 Mean, median, standard error and 25 and 75 percentiles of moderate and severe foot pad dermatitis, hock burn and breast burn lesions for sub samples of 149 UK broiler flocks.
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TABLE 3 .

 3 Parameter estimates for univariate model accounting for 36.6% of the variability in flock mean Foot Pad Dermatitis Score (FPDS). Frequency distribution for mean flock Foot Pad Dermatitis Score (FPDS). Frequency distribution for mean flock Hock Burn Score (HBS).Note to Copy EditorOn my computer the 2 Figs failed to open (software incompatibility). If in fact there is indeed nothing there -contact us and we'll get the author to send new Figures direct to you.
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