Feather pecking and injurious pecking in organic laying hens in 107 flocks from 8 European

countries

M Bestman' , C Verwer', C Brenninkmeyer?, A Willett’, LK Hinrichsen*, F Smajlhodzic’, JLT
y

Heerkens®, S Gunnarsson’ and V Ferrante®

Correspondent: m.bestman@louisbolk.nl

"Louis Bolk Institute, Hoofdstraat 24, 3972 LA Driebergen, The Netherlands;

’Farm Animal Behaviour and Husbandry Section, University of Kassel, Nordbahnhofstrae 1a, 37213
Witzenhausen, Germany

SADAS UK Ltd, Battlegate Road, Boxworth, Cambridgeshire, CB23 4NN, The United Kingdom;
“Department of Animal Science, Faculty of Science and Technology, Aarhus University, Blichers Allé
20, P.O. Box 50, DK-8830 Tjele, Denmark

’Institute of Animal Husbandry and Animal Welfare, Department for Farm Animals and Veterinary
Public Health, University of Veterinary Medicine Vienna, Veterindrplatz 1, A-1210 Vienna, Austria
Animal Sciences Unit, Institute for Agricultural and Fisheries Research (ILVO), Scheldeweg 68, B-
9090 Melle, Belgium

"Department of Animal Environment and Health, Swedish University of Agricultural Sciences (SLU),
P.O. Box 234, S-532 23 Skara, Sweden

¥Universita degli Studi di Milano, Department of Veterinary Medicine, via Celoria, 10 20133 Milan,

Italy

Abstract

Feather pecking and cannibalism may reduce the potential of organic husbandry to enhance the w of
laying hens.We report risk factors for these issues based on a large survey of 107 commercial flocks in
eight European countries. Information was collected regarding housing, management and flock
characteristics (age, genotype). Near the end of lay, 50 hens per flock were assessed for plumage
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condition and wounds. Potential influencing factors were screened and submitted to a multivariate
model. The majority of the flocks (81 %) consisted of brown genotypes and were found in six countries.
Since white genotypes (19 %) were found only in the two Scandinavian countries, a country effect could
not be excluded. Therefore separate models were made for brown and white genotypes. Feather damage
in brown hens could be explained by a model containing a lower dietary protein content and no daily
access to the free range (30 % of the variation explained). For feather damage in white hens no model
could be made. Wounds in brown hens were associated with not having daily access to free range (14
% of the variation explained). Wounds in white hens were explained by a model containing not topping
up litter during the laying period (26 % of the variation explained). These results suggest that better
feeding management, daily access to the free range area and improved litter management may reduce
incidence of plumage damage and associated injurious pecking, hence enhancing the welfare of organic
laying hens. Since this was an epidemiological

study, further experimental studies are needed to investigate the causal relationships.
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Introduction

Overall in Europe, 3.8 % of all commercially farmed laying hens are kept on organic farms. In some
northwestern European countries this percentage is higher: in Denmark for example 22 % of the hens
are organic (Marktinfo Eier und Gefliigel 3/9/2015). One reason for this might be consumer expectation
that organic production is more welfare friendly compared to cage, barn or free range systems. The
organic regulations aim for a higher level of animal welfare by giving the birds more space, access to
outdoor areas and access to roughage. The European regulation (EC No 834/2007) prescribes a
maximum group size of 3,000 hens per compartment, 6 hens per m* indoors, a free range area of 4 m?
per hen, 18 cm perch per hen and one third of indoor floor surface covered with litter. It also prohibits
beak trimming, a widespread practice routinely performed in the conventional laying hen industry.
Moreover, the hens should be fed organically grown feed, e.g. no synthetic amino acids are allowed. In
the period 2012 - 2014, when the data presented were collected, the minimum requirement was that 95
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% of the feed should be from organic origin. In some countries additional regulations exist, for example

concerning the rearing of organic hens or a free range area of 10 m? per hen.

Despite these presumed welfare enhancing requirements in the organic regulations, welfare and health
problems have been reported in flocks of organic laying hens (Bestman and Wagenaar 2003; Hegelund
et al 2006; van de Weerd et al 2009; Leenstra et al 2012; Bestman and Wagenaar 2014). Two major
issues are feather pecking and injurious pecking. Feather pecking consists of forceful pecks and
gripping/pulling of feathers, resulting in feather loss on the back, vent and tail area. Bald patches can be
subjected to tissue pecking, which we regard as injurious pecking and which leads to wounds
(Rodenburg et al 2013). Injurious pecking may be considered a behavioural pathology, comparable to
human psychopathological disorders (van Hierden et a/ 2004) and it reflects reduced welfare in both the
bird performing the feather pecking and the victimized bird (the latter because pulling out feathers is
painful). The behaviour has strong relationships with stress (El-Lethey et a/ 2000) and fear (Rodenburg
et al 2004). There is a reduced welfare in the victim because pulling out feathers is painful and hens
with feather damage are more susceptible to further feather and injurious pecking (McAdie and Keeling
2000). The prevalent theory for feather pecking is that this maladaptive behaviour is redirected ground
pecking that originates from insufficient foraging opportunities (Blokhuis 1986; Huber-Eicher and
Wechsler1997; Rodenburg et al 2013). Feather pecking and injurious pecking may be caused by the
same environmental risk factors (Pdtzsch et al 2001). Apart from being an animal welfare issue, feather
pecking is also an economic problem: hens with feather/plumage damage may need up to 27 % more
feed in order to maintain their body temperature (Tauson and Svensson 1980). Another economic issue

is that higher mortality, as caused by cannibalism, reduces egg production and thus farm income.

The aim of this epidemiological study was to identify risk factors for feather pecking and injurious

pecking in commercial organic laying hens.

Animals, materials and methods



For this cross-sectional study, 114 organic layer farms were recruited across eight European countries:
Austria, Belgium, Denmark, Germany, Italy, The Netherlands, Sweden and The United Kingdom. The
inclusion criteria were that farms should have at least 500 hen places and that the housing should be
permanent. Mobile housesrelocated more frequent than every 14 days was excluded. Farms purchasing
commercial rations were preferred in order to be able to use feed declarations as an information source.
A random spatial distribution of farms within countries was not always feasible due to travelling distance
and the willingness of organic farmers to participate in the study.

The studied flocks were visited twice during the laying period, namely at peak of lay and at end of lay.
Management data were collected during the farm visit at the peak of lay around 36 weeks of age, by
interviewing the farm manager or person responsible for hen care using predefined questions. Questions
concerned general farm information (e.g. number of hen places), flock information (e.g. age at
placement, hybrid), vaccinations and medical treatments, feeding (e.g. composition, phase feeds),
housing and range management and specific problems (e.g. parasites, smothering). At the second visit,
which took place around 62 weeks of age, there was a short interview covering changes made and any
noticeable problems and treatments between both visits. Data on housing conditions were additionally
recorded by taking measures of the hen house, covered veranda (if present) and free range area, including
the housing equipment (e.g. feeders, perches). Information on the feed composition was taken from the
declarations from ready mixed rations or from standardized Near-Infrared (NIR) feed analysis where
farms mixed their own feed.

The use of the free range and veranda was evaluated as follows. At each visit the total numbers of birds
within the free range area and the veranda were counted 3 times: Sh15min — 4h30min before sunset,
3h30min — 2h45min before sunset and 1h45min — Oh45min before sunset. With these numbers the
proportions of hens using the veranda and the free range area were calculated. In the statistical analysis
only the highest percentage figures for bird use of the free range area and the veranda were used.

The sampling and assessment of endoparasites in manure and in guts is described in Thapa et a/ (2015).
Ectoparasite burden was screened using 10 cardboard mite traps per flock at either the summer visit (all
farms) or both visits (58 farms). The traps were fixed on the underside of the cross supports carrying the
perches or the perches next to the cross supports in the evening and left in place for 7 days. After
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removing the traps in the moring they were transferred individually into zip-lock plastic bags and
placed in a freezer at -20°C for at least 24 hours. Each sample was tapped out and distributed evenly in
a petri-dish with a grid painted on. The grid served to estimate the number of mites by counting the
number of mites within one square and multiplying this by the number of occupied squares. Based on
this number, a score from 0 to 5 was assigned (0 = no mites, 1 =1 to 10 mites, 2 =11 to 100, 3 =101 to
1,000, 4 = 1,001 to 10,000 and 5 = more than 10,000). In the statistical analysis the maximum score
found for mites from every flock was used.

At the end of lay visit, a random sample of 50 hens per flock was caught and clinically scored regarding
plumage condition and wounds at the neck, back, vent and tail using a modified four point scoring

scheme (table 1), originally developed as a deliverable in the LayWel project (Tauson et al 2005).

Table 1: Explanation of scores and definitions used for scoring feather damage and wounds

The percentage of hens with feather damage was calculated per flock and a hen was regarded as having
feather damage if the mean feather score of the 4 body parts was < 3.00. The percentage of hens with
wounds was calculated per flock and a hen was regarded as having a wound if the mean wound score of
the two body parts was < 3.50.

The data were analyzed with SPSS 19.0. A list of potential influencing factors was compiled for the
dependent variables, percentage of hens with feather damage and percentage of hens with wounds.
Independent categorical- and dichotomous variables were not taken into the analyses if one or more
categories were not present in at least 20 % of the sample. All continuous independent variables were
transformed by means of In (x + 1) to correct for zeros and to meet the assumptions of normality and
homogeneity of variance. Potential factors were screened by means of partial correlation analyses for
all continuous and categorical variables and controlled for country and genotype. Dichotomous
independent variables were screened by means of linear regression. A p-value <0.07 was used as
threshold for inclusion of the variable in a multivariate model (GLM). Associations, by means of
regression analyses, between independent variables were calculated to avoid variance inflation. Models
were built by means of automated stepwise backward selection (SPSS 19.0), by removing variables from
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the model with p > 0.05. Variables with p < 0.05 were retained in the model. Parameter estimates were

back transformed for interpretation.

Results

Data recording was performed between February 2012 and March 2014 on 114 organic laying hen farms
at peak of lay (between 29 and 44 weeks of age), and on 110 farms a second time towards the end of lay
(between 52 and 73 weeks of age). Thus, four farms dropped out before the 2™ visit because the hens
were slaughtered earlier than originally planned or because induced moulting was performed. Because
of lack of essential information, data from another 3 farms could not be used. Due to missing values, for

some of the calculations we had information from fewer than 107 farms.

Beak treatments

In total 14 flocks had treated beaks to varying degrees (in Italy, The United Kingdom and Belgium).
The Italian flocks that were beak treated, were either treated with the infrared method on the first day of
life at the hatchery or with a hot blade within the first 9 days of life at the farm. The UK flocks and
Belgium flocks were mildly treated with infrared as day old chicks. Since no significant differences
appeared in feather damage and wounds between flocks with or without beak treatment, the beak treated

flocks were not excluded from statistical analysis.

Frequency of feather damage and wounds

Figure 1 shows that in 42 flocks (39 %) more than half of the hens had feather damage. Figure 2 shows
that in 17 flocks (16 %) more than half of the hens had at least one wound.

Figure 1: Percentage of hens with feather damage in 107 flocks

Figure 2: Percentage of hens with wounds in 107 flocks

Genotype



Genotypes were categorized as white, brown or silver. The majority of the flocks (82 out of 107) were
brown genotypes. In Austria, Belgium and Italy only brown flocks joined the study. White genotypes
(20 out of 107) were only seen in Sweden and Denmark. Silvers (5 out of 107) were only seen in
Germany, The United Kingdom and The Netherlands. The small number of silver flocks was included
in the category of brown flocks. Although silver hens have a white appearance, they lay brown eggs and
their body weight is closer to that of brown hens. For the remainder of this article ‘brown hens’, ‘brown
flocks’ or ‘brown genotypes’, refer to both brown and silver hens, flocks or genotypes. White flocks had
a significantly (P < 0.001) higher percentage of hens with feather damage (mean 72 % (min — max 2-
100); SD 32) than brown flocks (mean 33 % (min — max 0-100); SD 36). Concerning the percentage of
hens with wounds, no differences were found between white and brown flocks: mean 20 % (min — max
0-64; SD 17) in white hens and mean 22 % (min — max 0-100); SD=28) in brown hens. Since white
flocks were only present in the 2 Scandinavian countries, a country effect could not be excluded when
interpreting the results of the white genotypes. On the other hand, brown and silver genotypes were used
in more countries and that were more different from each other. Therefore it was decided to discriminate
between brown and white genotypes and thus build 4 models: Feather damage in brown hens, wounds

in brown hens, feather damage in white hens and wounds in white hens.

Feather damage in flocks of brown hens
After screening and selecting the factors as described in the *Animals, materials and methods" section,

the variables as shown in tables 3 and 4 were retained in the model for feather damage in brown hens.

Table 3: Univariate associations of continuous nutritional and management variables and percentage

of hens with feather damage in brown genotypes

Table 4 contains the univariate associations between percentage of brown hens with feather damage and
a number of nutritional and management factors that showed to be significant and which were used in

the final model.



Table 4: Univariate associations of categorical and dichotomous nutritional and management variables

for percentage of hens with feather damage in brown genotypes

Since several of the variables were correlated with each other, some of them were not taken into the
multivariate analyses. This was the case for dietary protein content at weeks 25, 35 and 55. Dietary
protein content at week 55 was used, as this was the closest to hen assessment. Number of weeks pre-
lay diet was fed was included in the model, while the age until pre-lay diet was fed and the presence or
absence of pre-lay diet after placement was left out. The multivariate analysis reveals that the outcome
variable ‘percentage of hens with feather damage’ for brown genotypes can be explained by the ‘protein
content at 55 weeks of age’ (P = 0.004) and by ‘daily access to free range’ (P = 0.001), together
explaining 30 % of the variation based on a sample size of 53 flocks. This means that an increased
percentage of brown hens with feather damage was related to decreased dietary protein content at 55

weeks of age and to the absence of daily access to the free range. The model is as follows:

Percentage of brown hens with feather damage =

134 - 6.8 * (dietary protein content at week 55) + 21.6 * (daily access free range=0)

Dietary protein content of the feed at 55 weeks of age varied between 14.6 and 22.2 %.

Feather damage in flocks of white hens
After screening and selecting the factors as described in the *Animals, materials and methods™ section,

the variables as shown in table 5 and in the paragraph below were used to make the final model.

Table 5: Univariate associations of continuous nutritional and management variables and percentage of

white hens with feather damage

If there was no needle vaccination at placement (n=8), then a mean of 93 % (min 70, max 100) of the
hens had feather damage. If there was a needle vaccination (n=9), then a mean of 66 % (min 15, max
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100) of the hens had feather damage. Correlation coefficient -0.48; P 0.049; n=17). The outcome
variable ‘percentage of hens with feather damage’ for white genotypes could not be further explained

if the above mentioned continuous and dichotomous variables were submitted in the GLM.

Wounds in flocks of brown hens
After screening and selecting the factors as described in the *Animals, materials and methods™ section,

the variables as shown in tables 6 and 7 were retained in the model for brown hens with wounds.

Table 6: Univariate associations of continuous nutritional and management variables and percentage

of hens with wounds in brown genotypes

Table 7 gives an overview of the correlations found between percentage of brown hens with wounds

and the presence or absence of a number of nutritional and management factors.

Table 7: Univariate categorical and dichotomous associations of the presence or absence of nutritional

and management variables and percentage of brown hens with wounds

The presence or absence of pre-lay diet after placement was correlated with the number of weeks this
diet was given. The number of weeks pre-lay feed after placement was not taken into the multivariate
model, as its association was weaker than the presence or absence of pre-lay diet after placement. Only
one diet till 55 weeks was exchangeable with the number of feed phases till end of lay. The latter was
taken into the analysis as a stronger association was found for this variable. The outcome variable
‘percentage of brown hens with wounds’ could be explained by ‘daily access to free range’ (P = 0.001),
explaining 14.4 % of the variation. An increased percentage of brown hens with wounds was seen if

there was no daily access to the free range. The model is as follows:

Percentage of brown hens with wounds = 10.9 + 11.5 * (daily access free range =0)



Wounds in flocks of white hens

Univariate analyses on the percentage of white hens with wounds revealed that an increased calcium
content at 25 weeks of age (r = -0.49; P = 0.053; mean 3.64; min. 3.50; max. 3.90) was related to a
decreased percentage of white hens with wounds. The topping up of litter during the laying period was
correlated with a decreased percentage of white hens with wounds (r = -0.48; P = 0.021; litter topping =

0: mean 94 % (min. 84, max.100); litter topping=1: mean 65 % (min. 2, max.100)).

The outcome variable ‘percentage of white hens with wounds’ could be explained by ‘litter topping” (P
= 0.022), explaining 26 % of the variation. An increased percentage of white hens with wounds was

associated with farms that did not top up litter. The model was as follows:

Percentage of white hens with wounds = 14.9 + 19.1 * (litter topping = 0)

Discussion

Beak trimming is prohibited in organic animal husbandry (EC No 834/2007), but at least in the UK there
is a derogation that allows non-organic chicks to be converted to organic. Therefore, farmers can buy
conventional chicks that have been beak trimmed. Beak trimmed flocks were included in the statistical
analysis, because no differences were found in feather damage between beak trimmed and non-beak
trimmed flocks. Whay et al (2007) also found in a study in 25 free range flocks in the UK that neither
feather pecking nor feather loss was affected by the severity of beak trimming.

Our data show that feather damage and wounding is a serious issue for organic egg production.
Through the application of best practice, managers can reduce the risk of feather pecking and
cannibalism to facilitate good welfare in the hens. It was difficult to compare the frequency and degree
of damage we found with other studies, because we determined the degree of feather damage in a flock
as % of hens with a certain degree of feather damage, while other studies that used the same

Laywel/Tauson scoring method, expressed it in a mean flock score. Moreover, the studies differ in the
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characteristics of the study flocks, such as number of countries involved (country effect being an
important factor; see below), genotype, housing, and beak treatments.

The majority of the flocks, 81 %, were brown or silver hens and 19 % were white hens. The white hens
were found in only Sweden and Denmark. We found significant differences between brown and white
genotypes concerning the percentages of hens with feather damage, the mean for brown and white flocks
being 33 % and 72 %, respectively. The differences found between white and brown flocks in the present
study could also be explained by other factors than genotype, e.g. geographical location and its
consequence for the availability of the free range area. In Scandinavian countries the hens are usually
kept indoors for a longer period because of snow or other unfavorable winter conditions. In the present
study no daily access to the free range area was significantly associated to an increased percentage of
hens with feather damage. Leenstra ef a/ (2012) investigated the performance of commercial laying hen
genotypes on free range and organic farms in three European countries and found differences between
genotypes: white genotypes in organic systems showed less feather pecking. However, in that study a
country effect could have explained the results as well.

As in all epidemiological studies, associations found do not imply a causal relation between the factors
studied. Associations found were used for practical recommendations as we attempted to test an existing
hypothesis and explain some of our findings. However, confounding factors cannot be ruled out

completely.

Feather damage irrespective of genotype

A higher dietary protein content of the feed at 55 weeks of age contributed to the multivariate model
explaining feather damage in brown hens. Inappropriate or insufficient protein and amino acid levels
are well known risk factors for feather pecking (van Krimpen ez a/ 2005). Another motivation for feather
pecking, may be to increase the fibre content of the diet, as most commercial laying hen diets have a
relatively low fibre content. The consumption of feathers may be related to their positive effect on gut
motility, which may be similar to the effect of fibre, illustrating that hens may indeed eat feathers to

increase satiety (Harlander-Matauschek et al. 2006).
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Also, daily access to the free range area was significantly correlated with a decreased percentage of
brown hens with feather damage. Daily access contributed to a multivariate model explaining feather
damage and wounds in brown hens. Lack of association for white flocks in the present study could be
related to the fact that all the flocks with white hens were kept in Denmark and Sweden. Short day length
in northern latitudes means that during the winter hens have restricted access to the outdoors, especially
if the weather is inclement. In Sweden the hens are allowed to be kept inside for the whole winter. A
relation between higher percentage of hens using the free range area and less feather damage has been
found in several other studies (Bestman and Wagenaar 2003; Green et al/ 2000; Lambton et a/ 2010;
Mahboub et al 2004; Nicol et al 2003). A free range areca can be considered as environmental
enrichment. Another explanation is that if a flock is distributed over a larger area, the stocking density
decreases. Lower stocking density (in combination with a smaller group size) is also associated with
less feather pecking (Huber-Eicher and Audigé 1999; Nicol et al 1999; Savory et a/ 1999). An increased
percentage of hens using the free range area could be achieved by providing shelter (Zeltner and Hirt

2003; Bestman and Wagenaar 2003).

Wounds irrespective of genotype

No daily access to the free range area was related to an increased percentage of hens with wounds.
Possible explanations and similar findings have been discussed in the paragraph above. Moreover, this
variable was also related to percentage of brown hens with feather damage. P6tzsch ef a/ (2001) stated
that vent pecking and feather pecking damage could be caused by common risk factors. The second
variable contributing to the percentage of (white) hens with wounds, is the topping of litter during the
laying period. Rodenburg et a/ (2013) reviewed underlying principles of feather pecking and stated that
early (i.e. during rearing) access to litter is an important factor in the reduction of feather pecking. The
importance of litter in the prevention of feather pecking has been recognized for some time (Blokhuis
and van der Haar 1992). Also, in commercial flocks the importance of litter for the reduction of feather
pecking has been shown. Green et al (2000) found that absence of loose litter at the end of lay increased
the risk for feather pecking. Nicol et al/ (2003) found a relation between feather pecking and the
restriction of hen access to the litter area in their case-control study of 100 commercial farms in the UK.
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For most statistically significant variables the correlation coefficients were relatively low. Thus the
proportion of variation explained by its associations is also low. For example, 30 % of the flocks
plumage damage was explained in the model for brown birds by lower dietary protein content and no
daily access to the free range. However, another 70 % needs to be accounted for, reinforcing the complex

and multifactorial nature of this problem.

Conclusion and animal welfare implications

This study identified risk factors for plumage damage and, or wounds in organic laying hens. These
findings could also apply to conventional laying hens, whereas some risk factors are more specific for
organic or free range systems. Measures that could be recommended are feeding enough protein,
providing daily access to the free range area and improved litter quality. Further research is needed for

determining differences between white and brown genotypes.
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Table 1: Explanation of scores and definitions used for scoring feather damage and wounds

feathers with no or very few feather
covered areas. Featherless area > 5
cm?> AND almost bare (75 %
featherless) up to completely

featherless

damaged and almost

bare quill.

Score Feather damage on neck, back | Feather damage on | Wounds on back and
and vent tail vent
4 Very good plumage condition; no | No or less than <5 tail | No wounds at all
or very few feathers damaged feathers damaged
3 Completely or almost completely | Tail feathers moderate | Wound < 0.5 cm in
feathered, few feathers damaged. | to lightly damaged diameter or a hematoma.
Featherless areas < 5 cm?. Blood filled follicle after a
feather was pulled out, is
not regarded as wound
2 Highly damaged feathers and/or | Tail feathers highly | Wound <2.2 cm
featherless areas. Featherless areas | damaged
> 5 cm? (up to 75 % featherless)
1 Very high graded damage of | Tail feathers highly | Wound with diameter of >

2.2 cm (width of thumb)
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Figure 1: The distribution of flocks based on the proportion of sampled hens with feather damage
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Figure 2: The distribution of flocks based on the proportion of sampled hens with wounds
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Table 3: Univariate associations of continuous nutritional and management variables and percentage

of hens with feather damage in brown genotypes

Factor N Correlation | p-value | Mean (min-max)

flocks | coefficient

Number of weeks pre-lay 81 0.33 0.014 | 1.0 (0-7)

feed after placement

Dietary protein content at 70 -0.34 0.011 | 18.0 (16-22.3)
placement

Dietary protein content at 73 -0.40 0.003 | 17.9 (14.6 —22.2)
55 weeks

Methionine content at 55 65 -0.32 0.021 | 0.35 (0.28 — 0.40)
weeks

Hens in veranda at 35 84 -0.24 0.046 | 30 (0-83)

weeks (%)

Hens in free range area at 84 -0.25 0.038 | 18 (0 -64)

35 weeks (%)

Number of deworming 82 0.22 0.042 | 0.5 (0-3)
treatment

Number of alternative 82 0.20 0.062 | 0.5 (0-5)
treatments'

'Alternative treatments include treatments with herbs, homeopathy, vitamins et cetera as a prevention

or treatment of any health problem.
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Table 4: Univariate associations of the categorical and dichotomous nutritional and management

variables for percentage of hens with feather damage in brown genotypes

Variable Correlation | p-value No Yes

coefficient Mean (min- N Mean (min- N
max) max)

Only 1 diet -0.31 0.004 45 (0-100) 38 23 (0-100) 47

till 55 weeks

Litter -0.33 0.020 39 (0-100) 50 15 (0-84) 30

replacement

Litter topping | -0.39 0.001 47 (0-98) 30 20 (0-100) 50

Daily access | -0.28 0.012 36 (0-100) 56 16 (0-98) 24

to free range

Roughage 0.32 0.022 20 (0-84) 33 42 (0-100) 19
during

rearing

Daylight -0.20 0.063 48 (0-100) 16 30 (0-100) 71
Needle 0.37 0.001 23 (0-84) 51 50 (0-100) 33
vaccination

after rearing
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Table 5: Univariate associations of continuous nutritional and management variables and percentage of

white hens with feather damage

Factor N Correlation p-value | Mean (min-max)
coefficient

No of feed phases tillend | 20 0.52 0.033 | 2.3 (1-6)

of lay

Phosphorous content at 18 -0.53 0.050 | 0.55 (0.49-0.65)

35 weeks

Sodium content at 55 16 -0.52 0.058 | 0.16 (0.15-0.17)

weeks

Viability at 70 weeks 8 -0.78 0.040 | 93 (84-97)
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Table 6: Univariate associations of continuous nutritional and management variables and percentage

of hens with wounds in brown genotypes

Factor N Correlation p-value | Mean (min-max)
coefficient

Dietary protein content at | 70 | -0.33 0.066 18.0 (16 —22.3)

placement

Degree of presence of 82 10.22 0.050 2.3 (0-5)

red mites'

"' The highest score of 2 visits was used.
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Table 7: Univariate categorical and dichotomous associations of the presence or absence of nutritional-

and management variables and percentage of brown hens with wounds

Variable Correlation | p- No Yes

coefficient | value | Mean (min- N Mean (min- N
max) max)

Needle -0.24 0.026 | 26 (0-100) 61 11 (0-68) 23

vaccination

at placement

Daily access | -0.21 0.063 | 22 (0-100) 56 11 (0-80) 24

to free range

Access to 0.23 0.042 | 11 (0-80) 29 23 (0-100) 51

range

restricted in

poor weather
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