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ABSTRACT Increasing environmental complexity,
e.g., by providing environmental enrichment, has been
suggested as a way to increase activity levels and im-
prove leg health in broilers. The aim of this study was to
investigate the effects of different types of environmen-
tal complexity on leg health and measures of welfare of
fast-growing broilers housed according to conventional
European legislation. A total of 58 pens with approxi-
mately 500 broilers each (Ross 308), corresponding to
a stocking density of 40 kg/m2, were used. A total of
8 treatment groups, of which 5 were enrichment treat-
ments (roughage, vertical panels, straw bales, and ele-
vated platforms at 5 and 30 cm) and 3 were standard
resources manipulations [increased distances between
feed and water (7 m and 3.5 m), stocking density re-
duced to 34 kg/m2, and 1 control group (1.5 m distance
between feed and water and no enrichment objects)]
were randomly assigned to each pen. At 35 D of age,
60 birds from each pen were assessed for gait, footpad
dermatitis, hock burns, plumage cleanliness, presence of
scratches, and leg deformities. Birds housed with 30 cm

elevated platforms had worse gait compared to those
housed with straw bales and at the lower stocking den-
sity of 34 kg/m2 (P = 0.004 and P = 0.001). Broilers
from the control group also had worse gait compared to
those housed at 34 kg/m2 stocking density. In addition,
birds housed with access to a 30 cm elevated platform
had healthier footpads compared to birds housed with
access to straw bales (P = 0.0001) and with increased
distance between feed and water (P = 0.011). Further-
more, birds housed with straw bales had worse footpad
condition compared to birds with access to a 5 cm el-
evated platform (P = 0.002). There were no observed
treatment effects on scratches, plumage cleanliness, leg
deformities and body weight (P > 0.05). Based on the
welfare indicators used in the present study, decreased
stocking density has the potential of improving animal
welfare, whereas the effects of elevated platforms need
to be further studied before a final conclusion can be
drawn, as footpad health was positively affected, but
walking ability was impaired.
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INTRODUCTION

One major challenge in today’s production of conven-
tional broiler chickens is leg health and lameness. Mod-
ern broilers are bred for fast growth and studies have
reported an inactive time budget of approximately 80%
(Weeks et al. 2000; Zuidhof et al., 2014). The combina-
tion of fast growth and inactivity contributes to the
development of lameness and leg pathologies such as
footpad dermatitis and likely results in reduced welfare
for the birds, due to pain, and in economic losses for
the farmer (Mayne et al. 2007; Gentle, 2011). The use
of environmental enrichment has been demonstrated
as a possible way to increase activity levels, improve
leg health, and decrease the incidence of contact der-
matitis in broiler chickens (reviewed by Riber et al.,
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2018). Environmental enrichment is defined as an im-
provement of the environment of captive animals that
increases the behavioral opportunities of the animal
and leads to an enhancement of its biological function
(Newberry, 1995). Environmental enrichment acts by
increasing the complexity of the environment, provid-
ing further opportunities for the performance of natural
behaviors and increasing general activity levels. For ex-
ample, straw bales increase environmental complexity
by providing a novel object that can function as a source
of foraging material, elevated resting space, increased
all space, an obstacle the birds must navigate around
and a potential way to hide from antagonistic interac-
tions. Furthermore, environmental complexity can also
be increased by simple manipulations of the environ-
ment, such as increasing distance between feed and wa-
ter and creating a heterogeneous space where different
resources are available in different areas of the pen.

Several types of environmental enrichment have
shown positive effects on broiler chicken behavior and

2020 Poultry Science 99:21–29

© 2019 The Authors. Published by Elsevier on behalf of Poultry Science Association Inc.  
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

21

ANIMAL WELL-BEING AND BEHAVIOR

http://orcid.org/0000-0002-4439-9733
mailto:fernandatahamtani@anis.au.dk


2 TAHAMTANI ET AL.

health. The availability of litter promotes foraging
and dustbathing behavior, reducing inactivity (Arnould
et al., 2004; Baxter and O’Connell, 2016). When broil-
ers are reared in enriched pens with the opportu-
nity to scratch and perch, significant improvements
on activity level and leg health are observed (Jordan
et al., 2011; Ventura et al., 2012). The provision of
perches promotes increased endurance, stronger legs,
decreased hock burns and footpad dermatitis, and a
cleaner plumage (Ventura et al., 2010; Groves and Muir,
2013; Zhao et al., 2013). The provision of perches and
vertical panels also reduces the incidence of disturbance
events (Cornetto et al., 2002; Ventura et al., 2012), al-
lowing the birds to have longer bouts of uninterrupted
sleep. In addition, broilers show better distribution and
use of available space when housed with vertical pan-
els (Cornetto and Estevez, 2001). Broilers housed with
straw bales show longer latency to lie and reduced lame-
ness compared to broilers housed without straw bales
(Bailie et al., 2013). Furthermore, fitting 30 cm ele-
vated platforms has been shown to reduce the preva-
lence of lameness by approximately 7 percentage points
and to lower the incidence and severity of leg patholo-
gies (Kaukonen et al., 2017).

Improvements of welfare by manipulation of the envi-
ronment or housing conditions may be accomplished in
other ways than by adding environmental enrichment.
For instance, increased distance between feeders and
drinkers (2 m vs. 12 m) has been found to reduce lame-
ness and mortality, increase the time spent standing,
moving and foraging, and improve leg bone parame-
ters (Reiter and Bessei, 2009). Moreover, a reduction of
the stocking density can increase time spent running,
scratching the litter, and performing comfort behavior
such as wing flapping and leg stretching, and can reduce
the severity of footpad dermatitis (Knierim, 2013).

Leg health problems can also have an impact on the
productivity of the flock and the financial gain for the
farmer. For example, lameness has been associated with
mortality (Kittelsen et al., 2017), and contact dermati-
tis on the carcass can reduce the value of these at
the slaughterhouse (Nygaard, 2016; Lund et al., 2017).
In addition, increased activity, for example due to in-
creased distance between resources, has been found to
not affect feed efficiency or growth and to reduce the
amount of fat in the carcass, improving meat quality
(Ruiz-Feria et al., 2014). Therefore, developing environ-
mental enrichment that is hygenic and practical has the
potential to improve both broiler welfare and economic
return for the producers.

Several studies have investigated the effects of en-
vironmental complexity on broiler welfare, but most
studies compare only 1 or 2 treatments with a control
group. Therefore, it is often difficult to compare the
effects of different types of environmental complexity
across studies due to differences in housing and man-
agement. The aim of this study was to investigate the
effects of several types of environmental complexity on
leg health and welfare of fast-growing broilers housed

according to European legislation (Council Directive
2007/43/EC of 28 June 2007, European Commission,
2007). To this end, 8 different treatments varying with
regard to environmental enrichment or complexity were
allocated to pens of broiler chickens housed in an ex-
perimental facility simulating commercial conditions.
The treatments either included vertical panels, maize
roughage, bales of straw, elevated platforms, increased
distance between feed and water, or reduced stocking
density. It was predicted that the different treatments
would have positive effects on gait score, contact der-
matitis and/or other welfare measures compared to the
control treatment. Furthermore, this study was part of
a larger study, comparing the effects of environmen-
tal complexity on a range of other parameters, includ-
ing learning ability, fearfulness, activity levels, leg bone
strength, tibial dyschondroplasia, production parame-
ters, etc. (Tahamtani et al., 2018b; Bach et al., 2019;
Jones et al., in prep; Pedersen et al., in prep).

MATERIALS AND METHODS

Mixed-sex Ross 308 broilers were used in this study.
The day-old chicks were acquired from a commercial
hatchery (DanHatch A/S, Sønderborg, DK) and housed
in 2 identical rooms in the same building of the ex-
perimental facilities at Aarhus University, Foulum. The
rooms measured 10.7 m × 16.6 m, and each room was
equipped with 5 pens of 9.6 m × 3.1 m (29.8 m2). Com-
mercial conditions were simulated by keeping the stock-
ing density at slaughter at 40 kg/m2. At 1 D of age,
the light schedule was programmed for 23L: 1D. Sub-
sequently, every day, 1 h of darkness was added to the
light program until 18L: 6D was reached on day 6 of
age, which was maintained until the end of life at day
35 of age. The light intensity was approximately 27.5
lux. The feed and feeding program used were recom-
mended by the commercial feed company DLG (Tjele,
DK). Feed was made available ad libitum in round feed-
ers (1.61 cm of feeder space per bird). The number of
broilers per water nipple was 11.7 (range 11.6 to 11.8).
A 4-cm layer of wood shavings covered the floor in each
pen. All flocks were slaughtered at 35 D of age.

Experimental Treatments

A total of 9 experimental groups (8 treatment groups
and 1 control group) were used in the present study
(Figure 1). The study was performed in 6 blocks, which
consisted of a repetition of the experimental treatments
in order to increase the number of treatment replicates.
In each block, 9 experimental groups were randomly
assigned to 10 pens in 2 identical experimental rooms.
In each block, 1 experimental group was assigned to 2
pens. For example, the tenth pen was used for the con-
trol group in 1 block and for an experimental treatment
in another block. This resulted in 6 to 8 replicates per
treatment (Table 1). Following random allocations, the
treatments were balanced across 2 adjacent rooms to
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Figure 1. Schematic illustration of each treatment pen. Grey circles represent round feeders. Grey lines represent the water line with drinking
nipples. Circles labeled “R” in treatment C represent circular pans used for the allocation of maize roughage. Lines labeled “P” in treatment D
represent opaque vertical panels. Rectangles labeled “S” in treatment E represent straw bales. Figure reproduced from Tahamtani et al. (2018b).

preclude any confounding effects of the rooms. Due to
minor flooding during block 1, 2 pens from that block
had to be excluded from the data, resulting in a total
of 58 pens across all 6 blocks. This resulted in a total
of 27,551 broilers being included in this study.

Treatments A and B consisted of increased distances
between the feed troughs and the drinking nipples of

7 m and 3.5 m, respectively. To ensure early feed up-
take, 1 of the feed troughs was placed 1.5 m from the
water lines on days 0 to 2, then moved to 3.5 m from
the water lines on day 3, and, for treatment A, finally
moved to 7 m from the water lines on day 5. In treat-
ment A, due to the birds growing to occupy most of
the floor space in the pen, the distance between feed
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Figure 1. Continued.

Table 1. Experimental groups, flock size per group, and total
number of replicates for each treatment across all 6 blocks.

Experimental
group code Treatment

Flock
size/pen

No. of
replicates

A Distance between feed and
water – 7 m

497 6

B Distance between feed and
water – 3.5 m

497 6

C Maize roughage 497 7
D Vertical panels 497 6
E Bales of straw 482 7
F Platform at 30 cm height and

access ramps
437 6

G Platform at 5 cm height, no
access ramps

437 6

H Lower stocking density
(34 kg/m2)

422 6

I Control 497 8

Treatments: A- 7 m distance between feed and water; B- 3.5 m dis-
tance between feed and water; C- maize roughage; D- vertical panels;
E- straw bales; F- 30 cm elevated platform; G- 5 cm elevated platform;
H- low stocking density; and I- control.

and drinking nipples was reduced to 1.5 m from 22 D
of age until slaughter to ensure the birds would not be
deprived of food or water. In treatment B, the distance
between feed and water was kept at 3.5 m throughout
the life of the flock. In all other experimental groups,
the distance between feeders and drinkers was 1.5 m.
Treatment C included the allocation of a high-fiber feed
supplement in the form of maize roughage in addition to
the ad libitum standard feed. This roughage was pro-
vided daily throughout the broilers’ life in 3 circular
pans (ø 0.4 m), distributed evenly across the pen. The

amount of roughage allocated was visually monitored
daily to last during the entire day until the next alloca-
tion. In treatment D, 5 non-transparent vertical panels
(60 cm × 60 cm) were placed in the central area of
the pens, evenly distributed. In treatment E, 3 bales of
non-chopped long stemmed straw of 42 cm × 40 cm ×
70 cm (height × width × length) were evenly dis-
tributed across the pens. Both panels and straw bales
were present upon placement of the broilers. The bales
were fully exposed to the chickens (i.e., not wrapped in
plastic) but were held in shape by 2 twine strings and,
therefore, did not collapse during the life of the broilers.
Fresh bales of straw were provided for every block. In
treatments F and G, perforated plastic slats were pro-
vided as elevated platforms (5.4 m × 0.6 m) which the
birds could easily access and occupy. In treatment F,
the platform was mounted at a height of 30 cm above
the bedding and included 2 ramps at an incline of 14.5°
for ease of access. The area underneath the platform
was fenced off and not accessible to the birds in order
to maintain the stocking density at 40 kg/m2. In treat-
ment G, the height of the platforms was 5 cm above the
bedding and did not include access ramps. Treatment
H consisted of a lower stocking density of 34 kg/m2,
whereas all other treatments carried a stocking density
of 40 kg/m2. Other than stocking density, the condi-
tions in treatment H were the same as in experimen-
tal group I. In the control group (I), the broilers were
housed under commercial-like conditions without access
to elevated resting places, no roughage supplement, no
panels, no straw bales, with a distance of 1.5 m between

2
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Table 2. The Bristol scale for gait scoring (after Kestin et al.,
1992).

Gait score Criteria

GS0 No detectable abnormality, fluid motion.
GS1 Slight defect. Difficult to define.
GS2 Definite and identifiable defect, but it does not hinder

movement.
GS3 An obvious gait defect that affects the broiler’s ability

to manoeuvre and accelerate.
GS4 A severe gait defect. The broiler will only walk a

couple of steps if driven before sitting down.
GS5 Complete lameness. Either cannot walk or cannot

support weight on the legs.

feed and drinking nipples, and at a stocking density of
40 kg/m2. When calculating the flock size per pen to
achieve 40 kg/m2, the area of the pen occupied by the
enrichment objects was subtracted from the total floor
area of the pen. This was done in accordance with EU
regulations specifying that the useable area must be
covered by litter (EU Council Directive 2007/43/EC of
28 June 2007, European Commission, 2007). Therefore,
the area occupied by the elevated platforms and straw
bales does not count as useable area. To account for the
resulting difference in flock size per experimental group,
the number of drinking nipples and feeding space per
bird was also controlled to preclude any confounding
effects of diminished competition for resources.

Data Collection

Individual BW was measured from 100 birds per pen
at days 0, 7, 21, and 35 of age. At 35 D of age, 60
birds from each pen were assessed for gait score, foot-
pad dermatitis, hock burns, plumage cleanliness, pres-
ence of scratches, and leg deformities (varus or valgus).
The birds were assessed by 3 experienced observers. The
observers were trained together on how to differentiate
between each score using live birds, video recordings,
and photographs while discussing different cases. In-
ter and intra-observer reliability tests were performed
based on gait scores of broilers from 36 different videos.
In addition, each observer scored each video on 3 sepa-
rate occasions. The observers were found to have mod-
erate levels of agreement between each other (kappa
value 0.41 to 0.60) and substantial levels of agree-
ment with themselves across time (kappa value 0.61 to
0.80).

Walking ability, or gait, was scored according to the
Bristol scale, from 0 (normal gait, dexterous, and agile)
to 5 (incapable of walking) (Table 2; Kestin et al., 1992).
Footpad dermatitis was scored on a 3-point scale from 0
(no injury) to 2 (serious injury) (Ekstrand et al., 1998).
Hock burns were scored on a 4-point scale from 0 (no in-
jury) to 3 (heavy crust formation on >10% of the hock;
Sherlock et al., 2010). The presence of scratches and leg
deformities, varus, and valgus, was scored on a dichoto-
mous scale (Yes/No). Cleanliness of the plumage was
scored on a 4-point scale from 0 (very clean) to 3 (very
dirty) according to the Welfare Quality assessment

protocol for poultry (Welfare Quality, 2009). As the
treatments were all located in the same 2 rooms, collec-
tion of data on the air quality for the different treatment
groups was not possible. Furthermore, no data on litter
quality was collected.

Ethical Statement

All procedures involving animals were approved by
the Danish Animal Experiments Inspectorate in accor-
dance with the Danish Ministry of Justice Law number
382 (June 10, 1987) and Acts 333 (May 19, 1990), 726
(September 9, 1993), and 1016 (December 12, 2001).
The birds were visually inspected daily by trained staff.
If any bird was seen in obvious distress (e.g., unable
to stand on both legs or walk), it was immediately
removed from the experimental room and culled by
cervical dislocation.

Statistical Analysis

All data analyses were performed using the statis-
tical software SAS 9.3. Footpad dermatitis and hock
burn scores for the left and right foot were averaged
per bird. The effects of experimental treatment on foot-
pad dermatitis and on hock burns were tested using the
GLIMMIX procedure with a Gaussian distribution, pen
as a random factor nested in block, and treatment as
a fixed factor. The variable observer was also included
in the model as a random factor to account for any
inter-observer differences. Where a significant effect of
treatment was found, post hoc comparisons of treat-
ments were performed using Tukey’s test (Tukey’s HSD
test).

The data on gait score were analyzed using a multino-
mial GLIMMIX procedure with the random factor pen
nested in block and treatment as the fixed effect. The
critical P-value associated with the analysis of gait score
was Bonferroni corrected to P = 0.0014. The effects
of type of enrichment on the prevalence of scratches
were tested using a binary GLIMMIX procedure with
random factor pen nested in block and treatment as
a fixed factor. The variable observer was also included
in the model as a random factor to account for any
inter-observer differences. The BW data were log trans-
formed to meet the assumptions of the model and were
analyzed using the mixed procedure with the random
factor pen nested in block and treatment as well as age
(0, 7, 21, and 35 D of age) as the fixed factors. The in-
teraction between treatment and age was also included
in the model. All results are reported as least square
means and standard errors. The least square means for
BW are back transformed.

Data on dirtiness and leg deformities (varus and val-
gus) could not be statistically analyzed due to the vast
majority of birds obtaining the same score and, regard-
ing leg deformities, very few observed cases. For these
parameters, only descriptive statistics are presented.
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Figure 2. Percentage distribution of gait scores across the experi-
mental groups. Treatments: A- 7 m distance between feed and water;
B- 3.5 m distance between feed and water; C- maize roughage; D-
vertical panels; E- straw bales; F- 30 cm elevated platform; G- 5 cm
elevated platform; H- low stocking density; and I- control.

Figure 3. Least square mean ± SE scores of footpad dermatitis
across experimental groups. Treatments: A- 7 m distance between
feed and water; B- 3.5 m distance between feed and water; C- maize
roughage; D- vertical panels; E- straw bales; F- 30 cm elevated plat-
form; G- 5 cm elevated platform; H- low stocking density; and I-
control.

RESULTS

An overall effect of treatment was observed on gait
score (F8, 3418 = 2.20; P = 0.024; Figure 2) with broilers
from treatment F (30 cm elevated platform) having 0.35
times lower estimated odds of having a lower mean gait
score compared to broilers from treatment H (reduced
stocking density; P = 0.001). In addition, there was a
tendency for treatment E (straw bales) to have a lower
gait score compared to treatment F (30 cm elevated
platform; P = 0.004) and for treatment H (reduced
stocking density) to have a lower gait score compared to
the control group (treatment I, P = 0.003). There was
an effect of treatment on footpad dermatitis (F8, 3420 =
3.93; P = 0.0001; Figure 3;

A1). Post hoc Tukey
revealed that birds from treatment F (30 cm elevated
platform) had lower scores of footpad dermatitis com-
pared to birds from treatment A (7 m between feed and
water; P = 0.011) and from treatment E (straw bales;
P = 0.0001). Birds from treatment E also had higher

Figure 4. Prevalence (%) of valgus deformity (outward twist) of
the tibia across the treatments. Treatments: A- 7 m distance between
feed and water; B- 3.5 m distance between feed and water; C- maize
roughage; D- vertical panels; E- straw bales; F- 30 cm elevated plat-
form; G- 5 cm elevated platform; H- low stocking density; and I-
control.

scores compared to birds from treatment G (5 cm el-
evated platform; P = 0.002). In addition, there was a
trend for birds from treatment F (30 cm elevated plat-
form) to have lower footpad dermatitis scores compared
to birds from treatment B (3.5 m between feed and wa-
ter; P = 0.067). There was also a trend for birds from
treatment C (maize roughage) to have higher footpad
scores compared to birds from treatment F (30 cm ele-
vated platform; P = 0.081). A tendency for treatment
effects on hock burns was found (LS mean range ±
SE = 0.34 to 0.70 ± 0.22; F8, 3420 = 1.90; P = 0.055;

A1).
Only 1 case of varus deformity was observed (in treat-

ment D, vertical panels). Few cases of valgus deformi-
ties were seen with treatments F (30 cm elevated plat-
form) and G (5 cm elevated platform) presenting the
largest numerical percentages of observed cases (2.2%)
and treatment D (vertical panels) presenting 0 cases
(Figure 4). In regards to dirtiness, the vast majority
of birds from all treatments gained a dirtiness score
of 1 (range: 73.0 to 99.4%). The treatment with the
highest number of score 0 was treatment H (reduced
stocking density; 2.2%), while the one with the highest
number of score 2 was treatment C (maize roughage;
26.4%; Figure 5). There was no effect of treatment on
the prevalence of scratches (F8, 3420 = 1.13; P = 0.37).

The model on BW showed a significant interac-
tion between treatment and age (F24, 24ˆ3 = 4.91; P <
0.0001; Figure 6). However, post hoc Tukey revealed
that this effect was only due to differences between
treatments at different age points and not between
treatments at the same age (df = 56.9; −2.24 < t <
1.17; P > 0.05).

DISCUSSION

The results show the effects of different types of
environmental enrichment on parameters commonly
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Figure 5. Percentage distribution of dirtiness scores across the treat-
ments. Treatments: A- 7 m distance between feed and water; B- 3.5 m
distance between feed and water; C- maize roughage; D- vertical pan-
els; E- straw bales; F- 30 cm elevated platform; G- 5 cm elevated
platform; H- low stocking density; I- control.

Figure 6. Least square mean (back transformed) of BW (g) at 0,
7, 21, and 35 D of age across all experimental groups. Treatments: A-
7 m distance between feed and water; B- 3.5 m distance between feed
and water; C- maize roughage; D- vertical panels; E- straw bales; F-
30 cm elevated platform; G- 5 cm elevated platform; H- low stocking
density; and I- control.

measured in a welfare assessment protocol for broil-
ers, including contact dermatitis and gait score. Fast-
growing broilers housed with access to a 30 cm elevated
platform (treatment F) developed less footpad dermati-
tis compared to broilers housed with 7 m distance be-
tween feed and water (treatment A). This is likely due
to the fact that birds with access to elevated platforms
have the opportunity to spend less time standing and
lying on the litter, as they can move onto the platforms.
A well-known risk factor for footpad dermatitis is hu-
mid and ammonia-soiled litter (Ekstrand et al., 1997,
1998). In addition, these tall platforms allow for the cir-
culation of air under the birds, which likely promotes
drying of wet skin and feathers. Indeed, the same effect
was not seen on broilers housed with a 5 cm elevated
platform where the small space between the floor and
the platform was eventually filled up by the droppings
from the birds.

Previously, it has been shown that scratching behav-
ior is beneficial to the litter quality (de Jong et al.,
2013). This might have been a second explanation for

the difference in footpad dermatitis between the birds
housed with elevated platforms and those housed with
increased distance between feed and water. One could
have expected that the birds housed with a large dis-
tance between feed and water spent more of their activ-
ity budget in locomotion between the feed and water,
and less time scratching the litter, resulting in a top
layer of litter wet and dense with droppings. However,
while birds housed with increased distances between
feed and water had higher overall activity than the oth-
ers, we were not able to show that the treatments dif-
fered in the time spent in locomotion or foraging (Bach
et al., 2019). Furthermore, another study found that
increased distance between feed and water actually in-
creased the time the birds spent foraging (Reiter and
Bessei, 2009). Unfortunately, we did not collect data
on the quality of the litter and therefore cannot con-
firm any predictions of the effects of the treatments on
litter quality.

The results also showed a tendency for birds provided
with maize roughage to have more footpad dermati-
tis than those housed with 30 cm elevated platforms.
No previous studies exist on allocation of roughage for
conventional broilers. However, previous studies have
shown that scattering whole wheat or wood shavings on
the litter does not change the broilers’ time budget or
increase foraging activity (Bizeray et al., 2002; Jordan
et al., 2011; Pichova et al., 2016). On the other hand,
when mealworms which is a highly valued food by the
chickens, are scattered in the litter there is a significant
increase in litter pecking and litter scratching (Pichova
et al., 2016). In the present study, footpad dermatitis
was also more common in birds housed with straw bales
compared to birds housed with elevated platforms. This
was expected, as previous studies have identified straw,
particularly unchopped straw, as a risk factor for the
development of footpad dermatitis due to its effect on
the moisture content of the litter (Sirri et al., 2007;
Bilgili et al., 2009; Ðukić Stojčić et al., 2016).

In regards to gait score, birds housed with access
to a 30 cm elevated platform with access ramps had
lower odds of having a low gait score (i.e., good walking
ability) compared to birds housed at 34 kg/m2 stocking
density. Taking into account the low mean scores of
footpad dermatitis in broilers housed with a 30 cm
elevated platform, the results for the gait score suggest
that footpad dermatitis may not have been the major
cause of walking difficulties in these birds. Sørensen
et al. (2000) showed a correlation between footpad
dermatitis and lameness, but others have not found
this link (Kristensen et al., 2006; Haslam et al., 2007).
It is largely accepted that high stocking density affects
the growth rate of broilers, mainly through heat stress
and poor litter quality (for a review see Bessei, 2006).
However, according to the results on BW, we know that
these differences between treatments in walking ability
were not due to differences in the BW gain of the birds.
Nevertheless, high stocking density is known to increase
the risk of walking difficulties through behavioral
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restriction (Knierim, 2013). Knierim (2013) compared
walking ability, footpad dermatitis and behavior of
broilers housed at 18, 25, 35, and 40 kg/m2 stocking
densities. It was observed that footpad dermatitis and
walking difficulties were more prevalent and severe at
higher densities, and that at lower densities the broil-
ers performed more wing lifting, wing-leg stretching,
running, scratching of the litter, and scratching of
their own body. These results suggest that at lower
stocking densities broilers have more space to move
and exercise, promoting leg health (Knierim, 2013).

Overall, the birds in our study had predominantly low
gait scores. Over 90% of the birds from every treatment
scored GS0, GS1, or GS2 during the assessment at 35 D
of age. Scores of GS0 and GS1 constituted over 50%
of the birds from every treatment, except treatment F
(30 cm elevated platform), and going as high as 73%
in treatment H (reduced stocking density). In addition,
the prevalence of GS3 or higher (i.e., the bird had ob-
vious gait defect) was quite low, ranging from 3.6 to
7.7%. These numbers are similar to those recently seen
in broilers in conventional Danish broiler production. A
survey of walking ability in Danish conventional broilers
in 2016/2017 reported a national average of 4.7%, 0.6%,
and 0.1% of birds with GS3, GS4, and GS5, respectively
(Tahamtani et al., 2018a). However, a prevalence of 25%
of broilers with GS ≥ 3 was recently reported from
Norway (Kittelsen et al., 2017). Likewise, a high preva-
lence of GS ≥ 3 has been found in a study including 89
flocks with genotypes Ross 308, Cobb, and mixed Ross
and Cobb from France, UK, the Netherlands, and Italy
(Bassler et al., 2013). In Brazil, with mixed sex Cobb
broilers, 3.6% of broilers have GS4 or GS5 (Souza et al.,
2015). One could expect that the effect of environmen-
tal enrichment on gait might be more discernible if the
prevalence of lameness (GS ≥ 3) is higher, like in these
cases cited. Indeed, in a recent on-farm study in Fin-
land, 29% of the fast-growing broilers housed without
access to platforms had a GS3 (Kaukonen et al., 2017).
Fitting platforms into the conventional farms reduced
the prevalence of GS3 to approximately 22% as well as
resulted in a lower mean gait score and lower incidence
and severity of tibial dyschondroplasia (Kaukonen
et al., 2017). Therefore, while our results showed no
positive effect of platforms compared to the control on
gait score, perhaps these results would have been differ-
ent if the prevalence of GS3 in our birds had been larger.
It is also important to note the positive impact that re-
duced stocking density can have on walking ability of
fast-growing broilers. In our study, the stocking densi-
ties used were approximately 40 kg/m2 and 34 kg/m2.
In their study, Kaukonen et al. (2017) housed broil-
ers at 42 kg/m2. It is likely that some of the discrep-
ancy between these results on gait score is due to this
difference in stocking density. Something similar could
be expected in regards to footpad dermatitis, with the
present results perhaps not showing more effects of the
treatments on footpad dermatitis, particularly in com-
parison to the control group because the overall scores

were low. Another factor that might have caused the
gait scores in our study to be generally low was the fact
that any birds in obvious distress due to lameness (e.g.,
unable to stand on both legs or walk) were culled dur-
ing the daily inspections of the flocks. However, there
was no effect of the treatments on the mortality rate of
the birds (Jones et al., in prep).

In conclusion, the results from the present study sup-
port the previous findings that reduced stocking density
has the potential to improve walking ability in fast-
growing broilers. Furthermore, the observed effects of
the different types of environmental enrichment and
environmental modification suggest that the provision
of straw, time in contact with the litter, and reduced
scratching of the litter may be risk factors for the de-
velopment of footpad dermatitis. Based on the welfare
indicators used in the present study, decreased stocking
density has the potential of improving animal welfare,
whereas the effects of elevated platforms need to be
further studied before a final conclusion can be drawn,
as footpad health was positively affected, but walking
ability was impaired, although not in comparison with
the control group. Finally, as this study was performed
in an experimental facility with small flock sizes, an
important next step would be to test these types of
environmental enrichment and manipulations on large-
scale conventional farms, both to confirm the effects
reported here and to investigate any further effects in
on-farm broiler production.

SUPPLEMENTARY DATA

Table S1. Sample size, least square mean scores and
standard errors of footpad dermatitis and hocks burns
across treatments.
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