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ABSTRACT

1. The present study describes the current welfare situation on commercial organic laying hen farms
in Sweden in terms of indoor environment, bird health and behaviour.

2. Organic laying hen farms (n=11) in Sweden were visited for one day each. The farm visits were
performed at the end of lay and involved farmer interviews, indoor environment assessments,
behavioural observations and tests and clinical examinations in one flock per farm.

3. In 95% of all human avoidance distance test trials performed, the hens distanced themselves from
the observer before the test was completed. Median number of birds per flock approaching during
a novel object test (n = 4 trials per flock) was 2 (0-9). These results may indicate a high level of fear of
humans and general fearfulness among the hens.

4. Plumage damage was especially prevalent and most severe on the breast and belly, tail and wings,
with median prevalence of moderate-severe damage of 96% (84-100), 96% (72-100) and 98% (94—
100), respectively. Median prevalence of keel bone deviations was 67% (32-84) with 3% fractures (0-
8). Median prevalence of breast skin lesions was 57% (10-74). There was a significant positive
association between breast skin lesions and keel bone deviations (P=0.02) and foot pad hyperker-
atosis (P < 0.001). Median prevalence of severe hyperkeratosis was 33% (8-96), with prevalence being
significantly lower where litter depth was thicker (P = 0.003). More dust bathing events were observed
in flocks where litter depth was thicker (P = 0.007).

5. The present study contributes with updated knowledge of laying hen welfare on organic farms in
Sweden. The results confirm the findings of previous on-farm studies, demonstrating that important
issues, including keel bone damage and severe feather pecking, remain in need of attention to ensure
the welfare of laying hens in future commercial egg production.
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Introduction

High animal welfare standards are fundamental in organic
animal farming. Animal welfare encompasses biological
functioning (health), and the possibility to express natural
behaviour subjective experience of the individual animal
(Fraser et al. 1997). Initially, animal welfare discussions
were focused on meeting the animals’ basic needs.
However, it is now widely accepted that merely minimising
unpleasant experiences such as pain, fear or hunger does not
secure good animal welfare. Therefore current animal wel-
fare frameworks encompass the promotion of positive wel-
fare, i.e., pleasant experiences associated with positive
emotions (Mellor et al. 2020).

The possibility to express natural behaviour in a natural
environment is strongly emphasised in organic animal farm-
ing as important for ensuring good welfare. Thus, current
European Union (EU) regulations on organic farming (EU
2018) require e.g., lower stocking densities than in non-
organic production, outdoor access and the provision of
roughage for laying hens to better provide the opportunity
to perform foraging and dust bathing, which are important
behaviours for laying hen welfare (Weeks and Nicol 2006).

Good animal health must be ensured in organic produc-
tion by disease prevention, through e.g. appropriate

management practices, high-quality feed, exercise, appropri-
ate stocking density, and choice of healthy breeds (EU 2018).
However, laying hen hybrids used on organic farms are the
same as those used in non-organic commercial egg produc-
tion and, apart from outdoor access in organic systems, the
indoor environment is similar across commercial loose-
housing systems. Thus, some of the main laying hen welfare
issues in loose-housing systems are the same in organic and
non-organic production (Van de Weerd, Keatinge, and
Roderick 2009). Common problems include severe feather
pecking, i.e., pecking and pulling at the feathers of
a conspecific, which is painful (Gentle and Hunter 1991)
and stressful for the recipient bird and other birds in the
flock (Jones et al. 2004). To mitigate plumage damage from
feather pecking, laying hens in many countries are beak-
trimmed, but this painful procedure is prohibited in organic
production (EU 2018). Keel bone damage, i.e., deviations
and fractures of the sternum, is another important welfare
issue in laying hens. Deviations are thought to result from
prolonged mechanical pressure during perching (Heerkens
et al. 2016) and have been suggested to reduce welfare due to
impaired movement (Tauson et al. 2006). Traumatic injuries
(Stratmann et al. 2015), high laying performance (Jung et al.
2019), early onset of lay and the production of large eggs
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(Thefner et al. 2021) may contribute to keel bone fractures,
which are associated with pain, impaired mobility (Nasr et al.
2012) and a reduced use of pop-holes (Richards et al. 2012).
Laying hen welfare can also be influenced by the quality of
human-animal (Zulkifli 2013).

On-farm studies are imperative in order to gain knowl-
edge about the welfare of animals in commercial production
(Dawkins 2012). Large-scale epidemiological on-farm stu-
dies in organic egg production have been performed in
Denmark (Hegelund, Serensen, and Hermansen 2006), the
Netherlands (Bestman and Wagenaar 2014) and across eight
other European countries, including Sweden (Jung et al.
2020). However, the latter was performed almost 10 years
ago (Bestman et al. 2017; Jung et al. 2019, 2020), and since
then no epidemiological studies on organic laying hens have
been undertaken in Sweden.

There are around 460 million laying hens in the EU
(FAOSTAT 2022), of which around 6% are kept on organic
farms (Augere-Granier 2019). Sweden has one of the highest
proportions of organic laying hen farms in the EU (Augere-
Granier 2019), comprising around 16% of national egg pro-
duction. Sweden had 98 commercial organic laying hen
farms in 2020 (Swedish Board of Agriculture 2022b), of
which 69% were certified according to the standards of the
private organic incorporated association KRAV® (Robert
Dinwiddie, pers. comm., 11 August, 2022). KRAV standards
comply with the organic EU regulations and in some cases go
further, for instance, by including requirements on provision
of specific sand baths indoors or on the veranda during
periods without outdoor access (KRAV 2022).

The aims of the present study were to assess the current
welfare situation on commercial organic laying hen farms in
Sweden in terms of indoor environment, bird health and
behaviour.

Materials and methods
Ethical statement

This work included behavioural observations and clinical
scoring in commercial laying hens, without any invasive
treatment, and thus ethical approval by an ethics committee
for animal experiments was not required according to
Swedish legislation (SJVES 2019:9). The study did not
include collection of any sensitive personal data, and hence
no ethical review for research involving humans was
required under Swedish law (SFS 2003:460).

Farms and flocks

Farms included in the study were recruited through
a national organic poultry advisor in Sweden, who contacted
organic egg producers in Sweden by telephone (in no parti-
cular order) during spring 2020. Farmers with at least one
flock approaching the end of the laying period were invited
to participate in the study, after being informed about the
project. The first 10 consenting farmers were included in the
study. These farmers were then contacted via telephone by
the first author and provided with a more detailed descrip-
tion of the study aim and methods. They were also informed
that they could withdraw their consent at any time during
the study. All farms were located in the southern third of
Sweden, and each was visited on one day during a period
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between May (early summer) and December (winter) 2020.
Farm visits were scheduled towards the end of the laying
period and arranged to ensure that all flocks were around the
same age during data collection. All phone calls and visits
were performed by the first author and one assistant. Upon
arrival at the farm, one farmer did not consent to individual
handling of the birds and therefore an additional farm was
visited (bringing the total to 11 to create a complete data set
from 10 farms).

Data collection

On arrival at a farm, the farmer or manager was interviewed
according to a structured protocol (see Supplementary
Material). This provided information on general farm struc-
ture, management and husbandry routines, housing, bird
health and behaviour, productivity, outdoor access and free-
ranging behaviour. On completion of the interviews, flock
observations were made in one flock and their indoor
environment.

Some flocks were housed in a single undivided indoor
barn whilst others were divided by wire fencing, to create up
to six separate sections with no more than 3,000 birds in each
(EU 2020). In the latter case observations were performed as
though the house was not divided and encompassed all
sections. Since the hens were not separated in this way in
the free-range area, they were considered as one flock unless
separated by a solid wall with access to separate free-range
areas.

The dimensions of the house and veranda (a roofed plat-
form at ground level with three walls and one curtain, littered
floor and natural ventilation, adjacent to the hen house and
connecting this to the free-range area) and the number and/
or dimensions of (as applicable) sections, nests, tiers,
perches, windows, pop-holes, drinkers and feeders were
recorded, along with any additional environmental enrich-
ment. Farmers were asked to provide structural drawings of
the hen house.

A dust sheet test was performed according to the Welfare
Quality® (WQ) assessment protocol for poultry (Welfare
Quality® 2009). For this, a piece of black paper was placed on
a horizontal surface upon entry to the hen house and collected
on the way out, after a minimum of 3 h. Upon exit, the dust
level on the paper was assessed using a five-point scale from ‘@’
(none) to ‘¢’ (paper colour not visible). The observer walked
through the house and assessed the following at five different
locations: Litter quality on a five-point scale from 0 (comple-
tely dry and flaky) to 4 (sticks to boots once compacted crust
was broken; WQ); litter depth on a three-point scale from 0
(no or very thin layer of litter, through which floor could easily
be discerned) to 2 (thick or very thick layer of litter, in which
boot left noticeable indentation when walking); and thermal
environment, assessed by estimating the proportion of groups
of 100 birds panting or huddling at each of the five locations
(WQ). Due to differences between the houses in terms of, e.g.
size and aviary system, it was difficult to perform these assess-
ments at standardised locations, so the actual location was
recorded for each observation (e.g. lower tier, litter area or in
front of pop-hole).

Behavioural observations were performed in parallel with
the assessment of the indoor environment, at around 12.30-
15.00 on five farms (visited in May-June) and around 10.00-
11.30 on six farms (visited in September-December).
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Use of litter was assessed at the five assessment locations
by recording presence/absence of dust bathing; scratching or
manipulation of litter; single bird dust bathing; and/or more
than two birds dust bathing together (WQ). When walking
through the hen house, a novel object test (NOT; n = 4 trials
per flock) and a human-avoidance distance test (ADT; n =21
trials per flock) were performed (WQ). For the NOT, a 50 cm
long colourful stick was placed in the litter area, and the
observer stepped back 2 m and counted the number of hens
within approximately 30 cm of the novel object every 10 s in
the next 2 min. For the ADT, the observer walked slowly
parallel to the slatted floor at a distance of 1.5m from the
edge. When a hen was sitting on the edge of the slatted floor,
the observer turned 90° and walked slowly towards that hen
and estimated the distance (cm) at which the hen started to
move away. If a hen distanced herself before the observer
could stop, turn and face the bird, the test trial was consid-
ered unsuccessful.

Pop-hole behavioural observations were performed at two
different pop-holes per farm. Birds in the pop-holes or
directly adjacent to these (in the litter area) were included
in the observations, which were performed at a distance
(approximately 6 m) to minimise affecting bird behaviour
but allow for accurate recording. During three consecutive
minutes, the number of observations of birds performing
different behaviours (Table 1) were recorded. Thereafter,
a stationary person test (SPT) and group behavioural obser-
vations were performed in the litter area in the middle of the
aviary. During the SPT, the observer sat down in the litter
area and recorded the number of birds within arm’s length
after 5min and the minimum distance to an approaching
bird. This allowed for 5min of habituation prior to group
behavioural observations, which were performed continu-
ously during five consecutive minutes on all birds within
an imaginary semi-circle with radius 5m in front of the
observer. State behaviours, i.e. patterns with relatively long
duration (Martin and Bateson 2007), were recorded as the

estimated percentage of birds performing the behaviour
(overall assessment of the majority behaviour for each bird
across 5 min), except for observations of preening and dust
bathing, which were counted (Table 1). The number of birds
observed performing event behaviours, i.e. behaviour pat-
terns of relatively short duration (Martin and Bateson 2007),
including vocalisations, was counted.

Clinical examinations on 50 birds per farm, based on
a partly modified WQ assessment protocol for laying hens
(Table 2), were performed last during the indoor observa-
tions. The artificial lights were temporarily turned off to
enable a gentler and less stressful collection of birds. The
hens were collected from one, or at most two, adjacent
sections to ensure that birds were released back to their
home section after examination. The captured birds were
kept in two groups, each within four connected compost
grids placed in the litter area and covered by a black bed
sheet. They were gently picked up one at a time and weighed
and thereafter examined and scored. The same person per-
formed all clinical examinations throughout the study.

Statistical analysis

Data collection involved a selection of measures from the
Welfare Quality® assessment protocol for poultry, but no
aggregation of scores or classification of farms was made
(Welfare Quality® 2009). Data compilation was performed
in Microsoft Excel 2016. First, data were thoroughly explored
visually to look for any patterns and possible correlations.
Patterns or correlations found were further investigated
through statistical analyses performed in R (R Core Team
2020). Results were considered significant at P < 0.05. Results
are presented as median and range (min-max), unless other-
wise stated.

Pearson’s Chi-squared Test for Count Data was used to
analyse any association between litter depth and number of
observations of at least one bird dust bathing per farm

Table 1. Ethogram for behavioural observations on organic laying hen farms (modified from Rodriguez-Aurrekoetxea, Leone, and Estevez 2015; Ventura et al.

2012).

Behaviour

Description

State behaviours

Standing Upright motionless position on extended legs with both feet, but no other body part touching the ground during>2 s

Sitting Positioned with bent legs, hocks resting on the ground and abdomen in contact with the ground

Resting Positioned with sternum in contact with the ground, head lowered and resting on ground or tucked in under own wing, with eyes
open, semi- or fully closed

Walking Locomotion starting when bird takes two or more steps forward in succession

Perching (if applicable)’
Foraging

Preening
Dust bathing

Event behaviours

Wing stretching

Leg stretching

Feather ruffling
Running

Flying

Gentle feather pecking®
Severe feather pecking®

Aggressive pecking?

Walking along pop-hole®

Turning back in®
Turning back out?

Bird standing, sitting or resting positioned on perch or other elevated structure

Bird lowers its head and manipulates substrate on ground with beak and scratches with feet in search of food, while standing or
slowly walking forward with head below rump level

Manipulation (cleaning, arranging or oiling) of own feathers with beak, while standing or sitting

Bird sitting or lying down in substrate, pecking and scratching at litter material, tossing and distributing loose substrate onto its
back and wings, ruffling and shaking its feathers with or without rubbing head against ground

Slowly extending one wing

Slowly extending one leg backwards or laterally

Bird raises feathers from her body during a rocking or shaking motion

Rapid locomotion starting when bird takes two or more steps forward in rapid succession

Locomotion starting when bird extends and flaps wings and moves a distance through the air

Bird uses beak to gently manipulate and lightly peck at feathers of recipient bird, which does not move away

Bird uses beak to forcefully manipulate feathers of recipient bird, which moves away from performer bird. Pecks are hard, fast and
often singular and may result in detached feathers

Bird raises head and uses beak to forcefully stab at recipient bird, which moves away. Pecks usually directed towards the head, but
may also be directed at the body

Bird walking in pop-hole parallel to its opening, at least three steps in succession

Bird walking or running through pop-hole from inside towards outside, but making a halt and change of direction to remain indoors

Bird walking or running through pop-hole from outside towards inside, but making a halt and change of direction to remain
outdoors

"Not pop-hole observations. 2From Daigle (2017). *Pop-hole observations only.
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Table 2. Scoring protocol for clinical examinations of birds on organic laying hen farms.

Measure

Score

Respiratory infection'

Eye pathologies'

Enlarged crop’

Comb colour

Comb dehydration

Comb pecking wounds'

Plumage condition (body, i.e., head, neck and underneck; back and
rump; breast and belly)?

no); 1

(yeS)

2 (blue)

(yeS)
intact comb); 1
intact feathers);
some feathers scruffy, <3 missing feathers);

(<3 wounds); 2 (=3 wounds)

more damaged feathers, >3 feather missing);
bald patch <5 cm diameter or <50% of area);
bald patch =5 cm diameter or =50% of area)
completely denuded area)

Plumage condition (flight feathers, i.e., tail; coverts and primary
feathers)?

intact feathers);
few feathers separated and none broken or missing);

all feathers separated and many broken or missing feathers);
most feathers missing or broken);
almost all feathers missing)

Plumage cleanliness®
Skin lesions (head and neck; back and rump; tail; belly and cloaca)

clean) —
no lesions);

3 (very dirty)

<5 pecks or scratches);

at least one lesion <1.cm, or =

=5 pecks or scratches);

at least one lesion <1 c¢m but <2 cm);
at least one lesion >2 cm)

Keel bone deviation
Keel bone fracture

none or <0.5cm); 1 (>0.5 but <1 cm); 2 (>1cm)
no deformity);

callus formation/sharp bends/fragmented sections)

0); 1

Breast skin haematoma
Breast skin lesion

0(
0 (
0(
0 (
0(
0 i
of
1(
2
3 (
4(
5 (
0 (i
1(
2 (many feathers separated and/or a few broken or missing);
3
4(
5
0 (
0 (
1(
2
3 (
4(
0(
0 (
1 (
0(n
0 (i

(yes)
intact skin); 1

(focal thickening and reddening of skin overlying the keel bone, and/or

with brown or black scabs)

Diarrhoea 0 (no); 1
Hyperkeratosis (metatarsal foot pads)“

Foot pad dermatitis (bumble foot)*

(altered faecal state with increased liquid content)
0 (no thickening of skin) —
0 (no lesions); 1

2 (excessive thickening of skin)
(discoloration, ulceration and/or necrosis, with no or minor swelling); 2

(abscess, dorsally visible swelling)

Missing toe(s)*
Toe wounds*

0 (intact toes); 1 (one toe and/or claw missing); 2
0 (intact toes, no lesions); 1 (<3 wounds); 2

(=2 toes and/or claws missing)
(=3 wounds)

"Welfare Quality® protocol for laying hens. 2Modified from Bilcik and Keeling (1999). *Welfare Quality® protocol for broilers. *Both feet assessed: scoring based on

most severe lesion found.

(categorised as <2 observations; 3-4 observations; =5 obser-
vations). The same test was used to analyse any association
between the total number of birds per farm approaching
during the NOT (categorised as <2 birds; 3-5 birds; =6
birds) and flock age at the first free-range access (weeks of
age <25 or 240), provision of environmental enrichment (yes
or no), successful ADT trials (i.e. the test could be completed
in at least one trial), and minimum distance of a bird
approaching during the SPT (distance <100 or >100 cm; see
Supplementary Material). Pearson’s Chi-squared test was
used to analyse any association, on an individual level,
between breast skin lesions and keel bone deviations/hyper-
keratosis/foot pad dermatitis (bumble foot), and between
skin lesions and plumage damage to the back, rump/breast
and belly.

The relationship between body weight and keel bone
deviation (score >1), and between body weight and breast
skin lesions, was analysed using a generalised linear mixed-
effects model (binomial distribution), including farm as
arandom factor. A significant interaction was found between
body weight and hybrid (Bovans White, Bovans Brown, and
Lohmann Selected Leghorn) for both keel bone deviation
and breast skin lesions. This was problematic to interpret,
as two of the hybrids were represented in only one flock each.
These two flocks were excluded from these analyses, which
were thus based solely on data from Bovans White flocks.
Generalised linear mixed-effects models were used to analyse
the relationship between litter depth and the number of dust
bathing observations made during the continuous group
behavioural observations (Poisson distribution), and

between litter depth and the prevalence of hyperkeratosis
(score >1) and severe hyperkeratosis (score 2) (binomial
distribution), including farm as a random factor.

Results
Farms and flocks

All farms in the study were KRAV-certified (KRAV 2022).
Three farmers had previous experience of conventional egg
production before converting to organic. The median number
of years in organic egg production was 17 (4-25). The median
age of the observed flocks at the time of visit was 74 (73-78)
weeks. Hybrids included Bovans White (n =9), Bovans Brown
(n=1) and Lohmann Selected Leghorn (LSL) (n=1). The
median flock size at the time of visit was 5750 (1118-17,373),
and farm size (i.e. total number of birds) was 18 000 (3000-
120,000). Pullets were placed at 15-16 weeks of age. They were,
in general, reared without outdoor access, but with access to
a veranda in summertime during favourable weather conditions
on one of the laying hen farms, which reared its own pullets.
Hens were slaughtered at around 75-85 weeks of age on six
farms and 85-95 weeks of age on four farms. On the remaining
farm, birds were killed on-farm to avoid transport to an abat-
toir, at around 92-102 weeks of age. All flocks were kept in
aviaries on two (1 =3 farms) or three (n=_8 farms) tiers and
group nests. On eight farms, a veranda adjoined the pop-holes
to the free-range area. On 10 farms the hens had access to pop-
holes on one side of the house, and on one farm hens could
access the outdoor area through pop-holes on both sides of the
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house. There was a height difference between the litter area and
the pop-hole on all farms except one (on which birds accessed
the windows functioning as pop-holes via ramps). The median
height difference was 10 (1-40) cm.

Indoor environment

Wood shavings were used as litter material on all farms, but
one farm mixed this with sand. Prior to placement of pullets
only a thin layer of litter was provided, which thickened over
time as dry manure and feathers were added to it. Litter depth
was scored as thin (score 0) on three farms, average (score 1)
on four farms and thick (score 2) on four farms. On three of
the farms, some or all of the bedding was removed without
replacement when it was considered too thick, to avoid floor
eggs according to one farmer. On one farm, the old bedding
was removed approximately every two monthsand replaced
with new litter. Litter quality was dry and flaky (score 0) in all
five locations on nine of the farms, although it was difficult to
make a proper assessment on two due to a very thin layer of
wood shavings. Moderately (score 2) and severely (score 3)
deteriorated litter was observed in one of the five locations
(otherwise score 0) on each of the two remaining farms.

On farms where pop-holes were open at the time of visit,
the dust sheet test revealed no dust (score a), little dust (score
b) or a thin covering of dust (score ¢) on one, five and one
farm, respectively. For the four farms where pop-holes were
closed, no dust (score a), little dust (score b), a thin covering
(score ¢) and much dust (score d) was observed, respectively.
No birds were seen panting or huddling in any of the flocks.

Roughage was provided as lucerne, silage, hay or straw
bales and fodder carrots on the floor (indoors) and/or on the
veranda. Six of the farmers provided roughage year-round,
while five of the farmers did so only when the birds had no
outdoor access. Pecking stones, limestone blocks and/or sea-
shells were provided as additional environmental enrich-
ment on six of the farms.

Behaviour

The median number of locations (out of five per farm) where
observations were made for birds scratching or manipulating
litter was 2 (0-5), single birds dust bathing was 2 (0-5), and
two or more birds dust bathing together was 1 (0-3). Signs of
dust bathing and/or signs of scratching and manipulation of
litter were observed at all five locations on all farms except
one, on which the litter had recently been removed. There
was a tendency for an association between the number of

locations with at least one bird dust bathing per farm and
litter depth (y*=9.29, df=4; P=0.05). Relatively more
observations of dust bathing were made in flocks where litter
depth was thicker (score 2).

The majority (n=219) of the ADT trials performed in
total (n=231) on all farms were unsuccessful (i.e. the birds
distanced themselves before the observer could stop, turn
and face a sitting hen). The successful trials (n=12) were
performed on five farms, with six of these trials performed
on one farm. The latter was the only farm with brown hens,
as opposed to the white hybrids on the other 10 farms. The
median distance between the observer and a hen was 90 (20-
150) cm.

During the SPT, four birds in total were counted within
arm’s length. All these were in one flock (that in which half
the successful ADT trials were also performed i.e. the only
flock with brown hens). The median minimum distance
between the observer and a hen was 100 (0-200) cm.

The median number of birds per farm approaching during
the NOT (n =4 trials per farm) was 2 (0-9). Of the 44 trials
performed in total on all farms, at least one hen approached in
16 trials and on 10 farms, respectively. The median time for all
birds to approach (trials when no birds were excluded), as well
as for the first bird in each trial to approach, was 80 s (10-120
s). There were no significant associations between number of
birds approaching per farm and flock age at first free-range
access (Xz =1.64, df = 2; P =0.44), provision of environmental
enrichment observed during farm visits (y* = 1.64, df = 2; P =
0.44) or as reported by farmers (y*=0.24, df=2; P=0.89),
successful ADT ()(2 =0.91, df =2; P =0.63), or minimum dis-
tance recorded between observer and hen during the SPT (y*
=0.24, df=2; P=0.89).

Behavioural observations at pop-holes were performed on
eight farms. The categories for behaviour are shown in Table 1.
The pop-holes on the three remaining farms were closed at the
time of the visit due to unfavourable weather conditions and
predator issues. Walking (through the pop-hole), standing and
foraging were the most commonly observed behaviours
(Table 3). Walking was primarily observed on six of the
farms, and standing and foraging were mainly observed on
four of these. Pop-hole activity was in general low on the two
remaining farms.

Standing and foraging were the state behaviours most
commonly observed during 5min continuous group
observations in the litter area (Figure 1). Comfort beha-
viours were observed in all flocks, although the number
of observations varied, while aggressive behaviours and
feather pecking were rarely or never observed (Figure 2).

Table 3. Median (per pop-hole and per farm) number of observations of behaviours recorded during group behavioural observations (3 min per pop-hole) at pop-
holes (n = 16) on organic laying hen farms (n = 8). Median (min-max) pop-hole width: 128 (110-200) cm.

Behaviour' Total number of pop-holes Median (min-max) per pop-hole Total number of farms Median (min-max) per farm
Walking 16 12.5 (2-76) 8 25.5 (7-104)
Standing 15 8 (0-21) 8 18 (1-36)
Foraging 12 5(0-21) 7 11.5 (0-35)
Walking (along) 6 0 (0-3) 5 1 (0-4)
Turning back in 3 0 (0-3) 2 0 (0-4)
Turning back out 3 0 (0-3) 2 0 (0-3)
Sitting 3 0(0-1) 3 0(0-1)
Preening 2 0 (0-1) 2 0 (0-1)
Running 1 0(0-1) 1 0(0-1)
Aggressive pecking 1 0 (0-1) 1 0 (0-1)

'The following behaviours were not observed on any of the farms: flying, resting, wing stretching, leg stretching, dust bathing, gentle feather pecking, or severe

feather pecking.
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Figure 1. Estimated proportion (%) of birds observed performing different state behaviours (overall assessment of the majority behaviour for each bird during a five-
minute period) during continuous group behavioural observations on organic laying hen farms (n = 11). Hens on farms 5, 8 and 9 had no outdoor access at the time of
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Figure 2. Number of observations (counts) of different event behaviours seen during continuous (five minutes per flock) group behavioural observations on
organic laying hen farms (n = 11). Hens on farm 5, 8 and 9 had no outdoor access at the time for observations. 'Large number of birds (estimated proportion 10%)
preening not included. On one farm, the large number of birds preening made it impossible to count individual occurrences and the percentage of birds preening

on this farm was estimated at 10%.

The number of dust bathing observations also varied
between flocks, and there was a significant association
between litter depth and the number of dust bathing
events observed per farm (y* 7.32, d 1; P =0.007). With
increasing litter depth, the number of dust bathing events
per group was greater, in correspondence with the greater
number of locations in which dust bathing occurred
demonstrated above (litter use).

Clinical examinations

The scoring protocol for clinical examinations is shown in
Table 2.

Clinical examinations of 50 birds per flock were per-
formed on all farms but one (# = 10). The average (mean +
SD) hen body weight was 1778 + 162 g for the white hybrids,
and 2041 + 163 g for the brown hybrid.
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Plumage damage was especially prevalent and most
severe on the breast and belly, and tail, with median
prevalence of plumage damage scores 23 per flock of 96
(84-100) % and 96% (72-100%), respectively. Most birds
had moderate to severe plumage damage to the wings
(score 2-4), for which the median prevalence per flock
was 98% (94-100%). Plumage damage to the head and
neck, and back and rump, was generally less severe and

varied more between flocks (Table 4). The data from
one flock were excluded due to (natural) moulting.

The median prevalence of dirty plumage (score >1) was 71%
(0-100%). The majority of these hens (72%) had slightly dirty
plumage (score 1; Table 5). Birds with moderate and very dirty
plumage (score >2) were found predominantly on three of the
farms. Skin lesions (score >1) were most severe and most
common on the belly and cloaca, with a median prevalence of

Table 4. Prevalence (%) of plumage damage per flock (n=50 birds per flock) on
organic laying hen farms (n =9): Median and range (min-max). Score 0-5 means no-

severe damage.

Score Median Min Max

Head and neck 0 18.0 4.0 72.0
1 25.6 12.0 56.0

2 16.0 0.0 36.0

3 14.0 0.0 420

4 2.0 0.0 31.7

5 0.0 0.0 0.0

Back and rump 0 12.2 2.0 76.2
1 12.0 0.0 28.0

2 12.0 0.0 42.0

3 16.0 438 32.0

4 20.0 0.0 62.0

5 2.0 0.0 14.0

Tail 0 0.0 0.0 0.0
1 0.0 0.0 4.0

2 4.0 0.0 28.0

3 10.0 0.0 56.0

4 60.0 20.0 90.0

5 10.0 0.0 46.0

Wings 0 0.0 0.0 0.0
1 2.0 0.0 6.0

2 50.0 8.0 60.0

3 40.0 28.0 52.0

4 10.0 4.0 56.0

5 0.0 0.0 2.0

Breast and belly 0 0.0 0.0 4.0
1 0.0 0.0 4.1

2 0.0 0.0 14.0

3 8.0 2.0 54.0

4 60.0 36.0 86.0

5 14.0 0.0 38.0

Table 5. Prevalence (%) of integument lesions per flock (n = 50 birds per flock) on organic laying hen farms (n =
10): Median and range (min-max). Score 0 = no lesions, and score 3 (plumage cleanliness), score 4 (skin lesions),
score 2 (comb pecking wounds) = severe lesions. For breast skin lesions, score 0 =no lesions and score 1=

lesions.
Score Median Min Max
Plumage cleanliness 0 29.0 0.0 100.0
1 48.0 0.0 96.0
2 4.0 0.0 70.0
3 0.0 0.0 10.0
Skin lesions Head and neck’ 0 100.0 96.0 100.0
1 0.0 0.0 4.0
Back and rump? 0 99.0 74.0 100.0
1 1.0 0.0 20.0
2 0.0 0.0 6.0
Tail? 0 100.0 96.0 100.0
1 0.0 0.0 4.0
2 0.0 0.0 2.0
Belly and cloaca 0 96.0 60.0 100.0
1 4.0 0.0 26.0
2 2.0 0.0 16.0
3 0.0 0.0 2.0
4 0.0 0.0 2.0
Comb pecking wounds 0 62.0 42.0 86.0
1 36.0 12.0 58.0
2 1.0 0.0 8.0
Breast skin lesions 0 434 26.0 90.0
1 56.6 10.0 74.0

"No birds with score =2. 2No birds with score =3.



4% (0-40%; Table 5). The affected birds were predominantly
found in four of the flocks, in which the majority (97%) of the
birds with lesions on the back and rump (score >1) were
observed. There were significant positive associations between
skin lesions and plumage damage on the back and rump (y* =

64.82, df = 10; P < 0.001), and between skin lesions on the belly
and cloaca and plumage damage on the breast and belly (y* =

55.80, df = 20; P < 0.001). All birds with skin lesions (score >1)
also had moderate to severe plumage damage (score >3) on the
corresponding body part. Comb pecking wounds were observed
in all flocks (Table 5). Breast skin lesions, which appeared as
brown or black scabs and/or a focal thickening and reddening of
the skin overlying the keel bone, were observed in 50.5% of the
hens and in all flocks (Table 5). There was a significant associa-
tion between body weight and such lesions (y* = 13.30, df = 1; P

<0.001), with every 100 g increase in body weight resulting in
a 36% increase in odds of breast skin lesions (statistical model
including Bovans White hybrid only).

Keel bone deviations were observed in all flocks. The
median prevalence of minor-moderate deviations (score 1)
and severe deviations (score 2) per flock was 24% (16-39%)
and 44% (12-66%), respectively. There was no significant
association between body weight and keel bone deviation
(X2 =1.08, df = 1; P=0.30). However, there was a significant
positive association between keel bone deviation and breast
skin lesions (XZ: 8.06, df =2; P=0.02). Fractures were
observed in eight flocks. The median prevalence of fractures
per flock was 3% (0-8%).

The majority of the birds (71.5%) observed showed hyper-
keratosis (score >1). The median prevalence of birds with minor
evidence of hyperkeratosis (score 1) and severe lesions (score 2)
per flock was 35% (0-58%) and 33% (8-96%), respectively.
There was a significant positive association between hyperker-
atosis and breast skin lesions (y* = 14.00, df =2; P <0.001).
There was no significant association between litter depth and
the prevalence of hyperkeratosis (score >1) ()(Z =0.87,df=2; P
=0.65). However, there was a significant positive association
between litter depth and prevalence of severe hyperkeratosis (y°
=11.84, df =2; P=0.003), with the prevalence being lower in
flocks where litter depth was scored as thick (score 2).

The median prevalence of birds per flock with foot pad
dermatitis (bumble foot) scores 1 and 2 was 10 (0-22) % and
3 (0-10) %, respectively. There was a significant positive
association between foot pad dermatitis (bumble foot) and
breast skin lesions ()(2 =7.40,df=2; P=0.03).

Birds missing one toe and/or claw (score 1) were observed in
seven flocks and the median prevalence per flock was 3% (0-
18%). No birds were missing two or more toes and/or claws.
Less than three toe wounds (score 1) in three birds and three or
more toe wounds (score 2) in another three birds were observed
across three of the flocks.

The median prevalence of birds per flock observed with
diarrhoea was 11% (0-48%). No birds were observed with
signs of respiratory infection. For all other parameters (eye
pathologies, enlarged crop, breast skin haematoma, comb colour
and comb dehydration), no more than one bird per farm was
found during clinical inspections.

Discussion

This study investigated animal welfare in terms of bird health
and behaviour on commercial organic laying hen farms in
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Sweden. On-farm studies are important in order to gain knowl-
edge about the welfare of animals in a commercial production
context (Dawkins 2012), not least because the heterogeneity
between farms can never be studied under experimental condi-
tions. Important aspects of poultry production that ultimately
affect bird welfare at the farm level, such as genetics, housing and
management, may change over time, and so the findings of the
present study were compared with those in previous studies. An
epidemiological study, including organic laying hens in Sweden,
was performed almost 10 years ago as part of a larger European
study (Bestman et al. 2017; Jung et al. 2019, 2020). There are in
general a limited number of studies of this kind, comprising on-
farm observations and a relatively broad range of welfare para-
meters, within Europe (Bestman and Wagenaar 2014).

The participating farms in the present study (n = 11) repre-
sented approximately 11% of the total number of organic laying
hen farms in Sweden (Swedish Board of Agriculture 2022b), and
about 17% of the organic farms that are also certified according
to KRAV® standards (Dinwiddie, pers. comm., 11 August,
2022). The median size of these KRAV-certified farms corre-
sponds very well with that of farms included in the present
study, which may therefore be considered to comprise
a representative sample for assessing the current welfare status
on organic laying hen farms in Sweden. Moreover, around 88%
of the total number of hens in Sweden (organic and non-
organic) are found on farms located in the southern third of
the country, where all farms included in the present study were
located (Swedish Board of Agriculture 2022a).

A large proportion of the ADT trials performed were unsuc-
cessful, ie. the birds distanced themselves from the observer
before the test could be completed. Such an avoidance reaction
is considered specifically to reflect fearfulness of humans
(Graml, Waiblinger, and Niebuhr 2008). During the 12 success-
ful ADT trials, the median distance at which birds moved away
was 90 cm, which was somewhat higher than the 50-60 cm
flight distance (i.e. estimated distance at which a group of
hens moved away when approached) observed previously in
various brown and white hybrids in commercial free-range
flocks (Hegelund and Serensen 2007; Whay et al. 2007). The
remaining 219 trials in the present study were unsuccessful and
the birds moved away much earlier than this. The results of both
the aforementioned studies and the present study indicate
a relatively high fear of humans in the birds, which may reduce
their welfare. In contrast, Graml et al. (2008) were able to
approach hens within 35-40 cm when on a commercial free-
range farm where the hens had received only minimal human
contact during standard management routines. However, those
flocks comprised only 500 birds, which may have enabled
a greater habituation to human presence, compared with
much larger flocks where individuals would be in close proxi-
mity with humans less frequently (Jones 1993). Graml et al.
(2008) studied brown hens, which are usually considered less
fearful and flighty compared to white hybrids (Odén, Keeling,
and Algers 2002; Rentsch, Ellis, and Widowski 2023). Indeed,
half of the successful ADT trials in the present study were
performed in the only flock with brown hens (all other flocks
had white hybrids), in which all hens counted within arm’s
length during the STP were also observed. The farmer of that
flock spent more time with the hens (at least 2 or 3 hours
per day, compared with relatively short routine daily inspec-
tions of the birds in the other flocks), which could have reduced
fearfulness of humans in this flock (Graml, Waiblinger, and
Niebuhr 2008).



560 L. GORANSSON ET AL.

The large proportion of NOT trials in which no hens
approached, and the low number of hens approaching in
total, may indicate a relatively high general fearfulness
(Christensen et al. 2021). Comparable results were found in
another study of organic laying hens (Hegelund and
Serensen 2007), and Donaldson and O’Connell (2012)
reported a similar hesitation in birds (brown hybrids) to
approach and peck at a novel object. In a study assessing
reactions to a novel object using a Visual Analogue Scale, it
was concluded that the hens (predominantly brown hybrids)
tended to be interested, rather than avoiding the object
(Whay et al. 2007). Most birds showed interest in (i.e. looked
at and circled around) the novel object in the present study,
yet clearly hesitated to approach it (i.e. a low number of hens
per trial approached). Early experiences may influence gen-
eral fearfulness in laying hens, as may exposure to a more
complex environment, such as free-range (Grigor, Hughes,
and Appleby 1995). Genetics is another important factor,
and white hybrids (as were most common in the present
study) have been shown to have a higher approach rate than
brown hens during NOT (Rentsch, Ellis, and Widowski
2023). It has been suggested that more fearful birds may be
less prone to use a free-range area, although the direction of
this relationship is unconfirmed (Campbell et al. 2016). The
seemingly high levels of fearfulness among the hens in the
present study might reflect or result in low use of the outdoor
area. Indeed, observations from the outdoor areas, which are
reported elsewhere (G6ransson et al. 2023), indicated limited
range use by the hens in the present study.

During the group behavioural observations in the litter
area, a large proportion of hens were observed standing still.
Layers in loose-housing systems have previously been shown
to spend a large part of their day standing idle (Gunnarsson
et al. 1995), especially with increasing age (Channing,
Hughes, and Walker 2001). However, considering inactive
birds often looked directly at the observer in the present
study, it was possible that the presence of this person influ-
enced the birds’ behaviour during data collection and that
this behaviour should have been recorded as vigilance
(Evans, Evans, and Marler 1993).

Foraging, which is imperative for hen welfare (Weeks and
Nicol 2006), was commonly observed in most flocks,
although the proportion varied widely. The hens sometimes
clustered at a distance from the observer, and the aforemen-
tioned variation may have been due to differences in terms of
stocking density within the particular area observed
(Channing, Hughes, and Walker 2001), which has been
negatively associated with locomotion and foraging (Thuy
Diep, Larsen, and Rault 2018). The variation between flocks
may have reflected the extent to which the outdoor area was
used, since laying hens have been shown to prefer the out-
doors over indoors for foraging (Campbell et al. 2017; Thuy
Diep, Larsen, and Rault 2018). The same factors may have
influenced the number of observations of hens preening,
which was high in some of the flocks, as preening has been
shown to increase with a higher number of flock mates, as
well as being performed indoors rather than outdoors (Thuy
Diep, Larsen, and Rault 2018). The number of hens observed
dust bathing, a behaviour used as a positive welfare indicator
(McGrath et al. 2017), was significantly higher on farms with
a relatively thick litter cover. Dust bathing activity increases
when litter quality is good, i.e. dry and friable (Odén,
Keeling, and Algers 2002), but there is also an evident need

for sufficient amounts of substrate for this behavioural
sequence to be fully performed (Edgar et al. 2013).
Moreover, laying hens prefer different substrates for dust
bathing, e.g. peat over wood shavings (de Jong, Wolthuis-
Fillerup, and van Reenen 2007). In the present study, the
bedding on all farms consisted of wood shavings (mixed with
sand on one farm) to which feather, dust and dry manure
were added over time, and thus dust bathing substrates were
similar across the study flocks. Although it is unknown
whether the hens in the flocks on no, or only a very thin,
layer of litter experienced dust bathing frustration
(Vestergaard 1982), negative welfare consequences of com-
pletely removing the litter (e.g. to avoid floor eggs) at inter-
vals cannot be excluded, especially during periods without
outdoor access. Since dust bathing is often performed in
a synchronised manner and during a certain time of
the day (Campbell et al. 2016; Odén, Keeling, and Algers
2002), the time at which behavioural observations were per-
formed in the different flocks may have influenced the like-
lihood of dust bathing, although no such clear effect was
discerned in the present study.

Pop-holes were mainly used for moving between the
indoor and outdoor environments, although birds were
observed standing and foraging in, or adjacent to, pop-
holes. Considering that the sampling method in the present
study encompassed no more than a total of 6 min per farm, it
must be acknowledged that outdoor weather conditions and
time of day would have had an influence (Richards et al.
2011). However, previous studies have found that laying
hens use the pop-hole area for behaviours other than just
going in or out (Thuy Diep, Larsen, and Rault 2018), and
often remain sitting in the pop-holes (Harlander-
Matauschek et al. 2006; Richards et al. 2011). Laying hens
show diurnal rhythm and synchronised behaviour within the
flock and may use resources such as pop-holes simulta-
neously (Odén, Keeling, and Algers 2002). Crowding in the
pop-holes might be expected to result in agonistic behaviour,
but aggressive pecking or birds turning back in or out were
rarely observed, in agreement with previous findings
(Hughes et al. 1997). However, comb wounds and plumage
damage to the head were seen in all flocks, which may
indicate aggressive pecking (Bilcik and Keeling 1999),
although not necessarily in the pop-holes.

Health

The prevalence and magnitude of plumage damage, considered
to be a good indicator of severe feather pecking, suggested that
severe feather pecking occurred in all flocks in the present study
(Bilcik and Keeling 1999), as did plumage damage to multiple
body parts commonly observed in individual hens (Lambton
et al. 2010). Discrepancies in scoring method and assessment
criteria, presentation of results and age of hens hinder direct
comparison with findings from other on-farm studies of
organic laying hens. However, previous studies have reported
marked plumage damage (Bestman and Wagenaar 2014;
Bestman et al. 2017; Grafl et al. 2017) with considerable varia-
tion between flocks and farms (Hegelund, Serensen, and
Hermansen 2006; Jung et al. 2020). Despite considerable
research, feather pecking remains a main welfare issue in non-
cage systems, whether organic or non-organic (Grafl et al. 2017;
Riber and Hinrichsen 2017; Schwarzer et al. 2021). Insufficient
dietary protein content, in particular the amino acids



methionine and cysteine, is a risk factor specific to organic egg
production and welfare due to the ban on use of synthetic
amino acids (Rodenburg et al. 2013; van Krimpen et al. 2016).
However, in the present study, it was not possible to record the
diet and feed consumption of the individual flocks. On the
contrary, free-ranging has been shown to have a protective
effect against severe feather pecking (Bestman and Wagenaar
2014; Bestman et al. 2017; Lambton et al. 2010). Organic poultry
in Sweden rarely have outdoor access during winter (Goransson
et al. 2021, 2023), and observations from the outdoor areas
indicated limited range use by the hens in the present study,
which suggested that any protective effect of free-ranging may
have been limited (Bestman and Wagenaar 2003). On five of the
farms, roughage was provided only during periods without
outdoor access, as opposed to year-round on the other six
farms. During periods with outdoor access for the former
group, individuals that never or rarely entered the free-range
area despite the opportunity to do so (Richards et al. 2011), were
thus not provided with additional enrichment and a source of
fibre, which has been shown to protect against feather pecking
(Steenfeldt, Kjaer, and Engberg 2007). The litter on the farms in
the present study was in general dry and friable and thus
suitable for foraging, although was sometimes removed without
replacement during a production cycle on three of the farms,
which could potentially predispose feather pecking (Rodenburg
et al. 2013).

The average prevalence of keel bone deviations (score
>1) per flock was 65%, which was similar to the 66%
previously reported for Swedish organic laying hens in
aviary systems (Jung et al. 2019), a figure that raises con-
cern for bird welfare. However, the latter figure included
both deviations (>0.5 cm) and fractures (Jung et al. 2019).
The average prevalence of keel bone deviations in the
present study was higher than the 44.5% found across all
flocks from the different European countries included in
the previous study (Jung et al. 2019). Those flocks were
younger (52-73 weeks of age) than in the present study
(73-78 weeks of age), and the prevalence of deviations has
indeed been shown to increase with age (Heerkens et al
2016). The mean prevalence of keel bone fractures per
flock found in the present study (3.4%) was considerably
lower than the average 11.6-87.5% previously found in
organic and free-range laying hens (Riber and Hinrichsen
2016; Richards et al. 2012; Thefner et al. 2021). This
difference may be explained by the limitations associated
with using external palpation for the detection of fractures
(Thefner et al. 2021). Moreover, considering the high pre-
valence of keel bone deviations found in this study, the
relatively low prevalence of fractures was likely an under-
estimation, especially since more severe deviations may be
correlated to fractures (Thefner et al. 2021).

Breast skin lesions were observed in half of all hens
examined and in all flocks. Such lesions have rarely been
described previously in laying hens. However, Steenfeldt and
Nielsen (2015) found breast blisters, although these lesions
were not described in detail, and redness in up to 25% of
loose-housed hens in an experimental study, and
Gunnarsson et al. (1995) reported low prevalence of breast
skin lesions in the form of folliculitis and bursitis in loose-
housed hens. Breast blisters may refer to enlarged sternal
bursas, which can result from prolonged friction or pressure,
especially in individuals with poor feather cover (Miner and
Smart 1975), as found in the present study. The pathogenesis
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of skin lesions observed in the present study is unknown, as
are the ensuing welfare implications, warranting further
research. Gunnarsson et al. (1995) did not find any associa-
tion between breast skin lesions and keel bone deviations, in
contrast to the results of the present study, in which there
was also a significant association between breast skin lesions
and hyperkeratosis and foot pad dermatitis. This could sug-
gest a common risk factor and should be further explored.
Hyperkeratosis, i.e. thickening of the skin of the foot pads,
was observed in all flocks. The prevalence of excessive hyper-
keratosis (score 2) was lower in flocks housed on a thick layer
of litter (score 2), perhaps because this prevented contact
with the cement floor while ground scratching. These hens
may have been motivated to spend more time in the litter
area and less time on the slatted floor or perches, which have
been suggested to cause hyperkeratosis through prolonged
excessive mechanical pressure exerted on the foot pads
(Weitzenbiirger et al. 2006). Whether severe hyperkeratosis
in laying hens causes discomfort during e.g. perching should
be considered in future studies. The average prevalence of
hyperkeratosis (71.5%) found in this study was higher than
previously reported (33.5%) in free-range flocks (Heerkens
et al. 2016). Outdoor access has been associated with a lower
prevalence of hyperkeratosis (Heerkens et al. 2016), as well as
a positive (Rodriguez-Aurrekoetxea and Estevez 2016) or
negative (Grafl et al. 2017) effect on foot pad dermatitis in
laying hens. However, free-range use and local terrain and
ground conditions, which may change with season and
weather conditions, are likely to determine how outdoor
access influences foot health in poultry (Heerkens et al.
2016). As reported by farmers in present and previous stu-
dies (Goransson, Yngvesson, and Gunnarsson 2020), wet and
muddy ground conditions outdoors may cause poor (moist)
litter quality indoors, which may be associated with foot pad
dermatitis in laying hens (Wang, Ekstrand, and Svedberg
1998). Litter quality was, in general, found to be dry and
friable and less likely to be a predisposing factor for such
lesions observed in the present study. The average prevalence
of foot pad dermatitis per flock (11.0%) was within the quite
wide range (4.8-52.2%) previously reported as pad lesions in
organic laying hens (Bestman and Wagenaar 2014; Grafl
et al. 2017; Jung et al. 2020; Riber and Hinrichsen 2016).
However, the use of different definitions and scoring meth-
ods for macroscopic assessment of foot pads in laying hens
complicates any comparison. The average prevalence of
bumble foot (3%) was nevertheless similar to previous find-
ings for free-range laying hens (Bestman and Wagenaar
2014; Heerkens et al. 2016; Riber and Hinrichsen 2016).

Limitations of the study

The 11 farms included in this study comprised a reasonable
sample to represent current organic egg production in
Sweden, but the low number prevented further data analysis.
Farm visits were limited to one day on each farm and beha-
vioural observations to a certain time of day. The latter varied
somewhat between farms for logistical reasons and might
have influenced observations of e.g. behaviours, such as dust
bathing, which are often performed during a certain time of
the day. Repeated observations, within flocks and in more
than one flock per farm, were not possible but would have
enabled observations in a broader context, e.g. across flocks
and different weather conditions. The sampling method used
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for behavioural observations was intended to give an overview
of hen activity, but again, the limited number of flocks and
farms did not allow for any further analysis of the large
variation between flocks. Since participation was completely
voluntary, the sample of farms might have been somewhat
biased, e.g. the flocks included might have been healthier. The
farm visits were planned so that the flocks were around the
same age at the time of data collection, which therefore
occurred during spring, summer and throughout autumn.
This seasonal difference and associated weather variation
could have had an effect on e.g. foot health and on beha-
vioural observations, as some flocks did not have outdoor
access at the time of visit.

Conclusions

The present study contributes with updated knowledge of
laying hen welfare, in terms of health and behaviour, in
a commercial context on organic farms in Sweden. The
results indicated a high level of general fearfulness, but also
pronounced fearfulness of humans, suggesting that large
flocks and a limited amount of time spent among the hens
on a daily basis may impede positive human-animal interac-
tions. Dust bathing might have been temporarily hindered
on some farms due to removal of the litter at intervals and
this management routine may have had welfare implications,
especially during periods without outdoor (and dust bathing
substrate) access. The hens were frequently observed fora-
ging and standing in the pop-holes, which did not appear to
generate aggressive behaviour, despite rather high bird den-
sity in the area. The prevalence and magnitude of plumage
damage demonstrated that severe feather pecking remains
a welfare issue also in organic production, despite provision
of outdoor access and roughage. The keel bone damage
observed confirmed that such problems continue to be
a major welfare issue in commercial egg production. Breast
skin lesions, rarely described previously in laying hens, were
common and found in all flocks, and further research is
needed to identify the pathogenesis and welfare implications.
The results from the present study show that common wel-
fare issues in laying hens remain unresolved in practice. For
future commercial egg production to be socially sustainable,
novel solutions may be needed.
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