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Abstract 
Feather pecking still presents a major problem in organic laying hen farming. In order to identify important risk factors during the laying period as well as during the rearing period in an exploratory epidemiological approach, we followed birds from 23 organic rearing units in Austria and Germany to 46 laying units. Management and housing conditions were recorded during one day visits in the 16th to 18th and 30th to 40th week of age, respectively. As an indicator of feather pecking, feather conditions of random samples of 30 hens per laying farm were assessed. Average feather scores from 0 (best) to 3 (worst) were calculated. The average score of 0.73 (± 0.44) was not significantly different from the score of 0.77 (± 0.33) from 54 conventional farms assessed in the same way (p=0.247). 73 % of the total variance in feather score between the different organic farms could be explained by 6 variables. About 79 % of the explained variation was due to rearing conditions. The major risk factors for poor plumage were little elevated perch space, few drinking places and no regular scattering of grain during the rearing period, as well as poor litter quality during the laying period. It is concluded that these are feasible starting points for improved prevention strategies against feather pecking.
Introduction 

Feather pecking still represents a major problem in organic systems. However, the reliable prevention of feather pecking is a challenge, because it is a typical multifactorial disorder. Genetics of the hens, nutritional aspects, as well as housing and management both during the rearing and laying period contribute to risk or prevention of feather pecking. Although there is broad scientific evidence regarding single factors involved, little is known about their relative importance, especially when taking into account both the rearing and consequent laying period. It was therefore the aim of this study, in an epidemiological design to find indications for especially influential risk factors that should be addressed when trying to device a better prevention of feather pecking. It was our underlying hypothesis that factors affecting the hens early in life are of particular importance. 

Animals, farms and methods 

Based on literature, own experience and expert advice, a list of 33 potential risk factors for feather pecking both during the rearing and laying period was compiled. Following expert opinion and the literature it was not possible to formulate a well-based hypothesis comprising only a limited number of risk factors of major importance. Therefore, we decided for an explorative approach considering the whole factor list.
Respective data recording was carried out on 23 organic pullet rearing units and 46 laying hen units (each rearing farm provided pullets to 2 laying hen farms) in Austria and Germany during one day visits in the 16th to 18th and 30th to 40th week of age of the birds, respectively. A standardised questionnaire on management practices and recording sheet were used. Housing details were measured, counted or scored, and a random sample of 30 hens per unit was weighed and their plumage condition scored using the system of Gunnarsson et al. (2000), but slightly modified. Bodies of the birds were divided into 6 regions which were each allocated a score from 0 (at maximum 2 damaged feathers) to 3 (naked area ≥ 25 cm²). Mean scores per bird and afterwards per farm were then calculated and, additionally, the prevalence of birds with naked areas or at least single missing feathers. In the same way data from 27 conventional non-cage rearing units and 54 laying units were collected, but not reported here, except for a comparison of overall results with the organic farms using the Mann-Whitney-U test. All birds were brown egg layer hybrids from in total 8 different lines. Potential risk factors were expressed as either continuous or dichotomous variables. Their explanatory value regarding the total variation in feather score or quality between units was analysed using a regression tree (Breimann et al. 1984) in Jump 5.1.2. The contribution of risk factors during the rearing period relative to those during the laying period was calculated as proportion of the total explained variation on the basis of the respective sums of squares (Table 1).
Results 
On average 47.1 % (± 36.4) of the assessed organic laying hens were lacking one or more feathers (n=46 farms). This was not significantly different from the 54 conventional farms with 46.7 % (± 35.3) of birds (p=0.948). The average feather score was 0.73 (± 0.44) on organic compared to 0.77 (± 0.33) on conventional farms (p=0.247). Of the total variance in plumage condition (feather score) between the different organic farms, 73 % could be explained by 6 variables (Table 1). One of the variables (‘age at feather scoring of laying hens in days’) was only introduced to control for possible confounding due to the fact that it was not feasible to score all herds at exactly the same age. Excluding this variable from the further calculation, about 79 % of the explained variation was due to factors affecting birds during the rearing period. These factors were: (i) provision of sufficient elevated perches and (ii) drinkers, and (iii) regular scattering of grain onto the litter (Table 1).
Discussion 

Published data comparing organic and conventional herds are to date not available. However, earlier reports from practice indicated that problems with feather pecking were greater on organic farms. Therefore, matters might have slightly improved, as the condition of organic and conventional hens was similar. However, it should be mentioned that in Austria (= 26 laying units) also the conventional hens had intact beaks. Otherwise, organic rearing differed in many aspects from conventional rearing, e.g. in terms of day light provision, smaller herds or lower stocking densities, to name only a few. 
Despite the similar average feather condition in organic and conventional hens, results were far from satisfactory. Improvements in organic farms are necessary, and our results provide some feasible starting points. For an epidemiological study we could explain a relatively large proportion of the total variance between farms, additionally considering that it was not possible to take genetic background and nutritional imbalances into account. We only found one ambiguous result with regard to the weight of the laying hens. Regression tree analysis successively subdivides the dataset into sub-datasets using those independent variables that generate the greatest decrease in variation regarding the dependent variable. In one of these sub-datasets of farms a mean weight of more than 105 % of the target weight was associated with a deteriorated plumage, in another subset, however, it was the opposite, with better plumage on farms with higher weights of 108 % or more of the target weight. This issue needs further investigation. However, the other identified risk factors match existing knowledge. This is true for the most influential factor, elevated perch space for pullets (Huber-Eicher & Audigé 1999), for the scattering of grain (Blokhuis & Van der Haar 1992), as well as the importance of friable litter in the laying period (e.g. Green et al. 2000). The significance of sufficient drinkers for pullets that we found is very interesting and not otherwise investigated, yet. However, water provision is especially important for birds. Therefore, stress may result from lack of water or competition around drinkers, with stress being known to contribute to feather pecking in general (El-Lethey et al. 2000). Particular attention should be paid to the relatively high importance of rearing factors on the later feather condition of the laying hens. The EC-regulation currently does not contain any provisions regarding the rearing of laying hens. Some organic associations such as Bioland, Demeter, Naturland and others have set own private standards for the rearing period. Probably, the slight improvement discussed above is already a consequence of these activities. However, in the private standards there is no provision on drinkers, and only a minimum of 4 cm elevated perches is required. 

Table 1: Risk factors for feather pecking (indicated by feather score) as identified by regression tree analysis; limits and sums of squares calculated in the regression tree procedure, and status quo at the farms
	Risk factor
	Feather score higher (= quality worse) if:
	Sum of squares
	Status quo on farms (n=46)1

	
	
	
	Mean
	Median
	Min
	Max

	Elevated perches2 in cm/pullet
	< 5.6
	2.7556
	7.8
	8.9
	0.8
	13.7

	Weight of laying hens in % in relation to target
	< 108; ≥ 105
	1.1218

	106
	105
	89
	120

	Drinking place/pullet ratio3
	< 0.9
	1.1179
	1.0
	0.9
	0.2
	2.5

	Age at feather scoring of laying hens in days4
	≥ 238
	0.8698
	237
	233
	208
	272

	
	% of farms with risk factor present

	No regular scattering of grain for pullets5
	No scattering
	0.4743
	65.2

	Poor litter quality in laying unit6
	Poor quality
	0.0563
	28.3


1 rearing farms = 23, but each rearing farm provided pullets to 2 laying farms; 1 laying farm was conventional, but received organic pullets; 2 at least 20 cm distance downwards, 30 cm to next perch, 20 cm to wall and 45 cm upwards; 3 1 drinking place/bird = 1 cm round drinker/bird or 0.1 nipple drinker/bird or combination of both in cases where both drinker types were provided; 4 only included as confounder (see also text above); 5 at least every second day; 6 wet and caked or litter being absent; fields in grey relate to the laying period
Conclusions 
Our epidemiological analysis of possible risk factors for feather pecking was of exploratory nature. Therefore, conclusions should be drawn with caution. However, the way how pullets are reared appears to play an important role with respect to the later risk of feather pecking in layers. Although the factors identified deserve further investigation, it appears advisable for laying hen farmers to pay attention that pullets during rearing had sufficient elevated perches and drinkers available, and were regularly stimulated to forage on grain in the litter. Maintaining the litter in good conditions during the laying period is another potentially effective measure that contributes to the prevention of feather pecking. 
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