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Enrichments during pullet rearing may improve adaptation and welfare of hens as they

move from indoor rearing to a free-range system. Individual variation in outdoor ranging

may also affect welfare. This study assessed the effects of rearing enrichments and an

imposed environmental stressor on henwelfare and egg quality alongwith the association

of welfare with ranging. Hy-Line Brown® chicks (n = 1,386) were reared indoors until 16

weeks with 3 enrichment treatments including a “control” group with standard floor litter,

a “novelty” group that received novel objects that were changedweekly, and a “structural”

group with H-shaped perching structures. Pullets were then moved to a free-range

system with three replicates of each rearing treatment. Daily ranging was individually

tracked from 25 to 64 weeks via radiofrequency identification technology. Individual hen

welfare assessments were performed at 25, 33, 43, 56, and 64 weeks and correlated

with ranging time prior to these dates. At 44 weeks, the range area was reduced by

80% for 11 days to induce stress. Changes in ranging behavior, albumen corticosterone

concentrations and egg quality were evaluated. GLMMs showed significant interactions

between hen age and rearing treatment for live weight, number of comb wounds,

plumage coverage, and toenail length (all P ≤ 0.003), with the enriched hens showing

more consistent live weight at the later ages, fewer combwounds at 33 weeks, and better

plumage coverage at the later ages, whereas the structural hens had shorter toenails as

age increased. Plumage coverage showed a positive relationship with range use across

most age points (P< 0.0001). Hens reduced ranging time following the imposed stressor

but increased their number of visits with the lowest increase by the structural hens (P

= 0.03). Significant interactions between rearing treatment and stressor for albumen

corticosterone concentrations showed the structural hens decreased concentrations

immediately post-stress, but the control and novelty groups increased (P < 0.006). The

stressor increased or decreased values of most egg quality parameters across all rearing

groups (all P ≤ 0.02). Overall, provision of rearing enrichments and greater range use

may have positive impacts on hen welfare.

Keywords: novel objects, perching structures, range access, plumage coverage, corticosterone, RFID, behavior,
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INTRODUCTION

Animal welfare concerns are prevalent within the consumer
community with apprehensions regarding the housing and
management of livestock and desires for improvements that
result in greater well-being for production animals (1–4).
Specifically, in the poultry sector, free-range egg production is
increasing as consumers perceive these hens produce tastier,
healthier (5, 6), and more welfare-friendly (2, 7) eggs. Consumers
believe that fresh air and outdoor access for birds in the free-
range system improve hen welfare (3). However, laying hens
demonstrate marked individual dissimilarities in range use when
provided with outdoor access, which may result in individual
differences in welfare (8). Outdoor access and time spent ranging,
a higher proportion of hens ranging, or distance of ranging by
free-range hens may result in some welfare benefits to the birds.
This may include improved plumage coverage (9–11), reduced
incidences of severe feather pecking (12), reduced footpad lesions
(10) and reduced toenail length (13, 14). However, Larsen et al.
(15) found limited association between frequency of range access
and comb color, beak, footpad, and plumage condition although
hens that ranged farther from the shed did have darker combs
and less beak damage. In a sample of hens from the larger
flock used in the current study, high outdoor access resulted
in improved plumage coverage, a reduced number of pecking
comb wounds, and reduced toenail length toward the end of
the production cycle (16). There was also a negative relationship
between ranging and body weight (specifically fat and muscle)
in hens that spent the longest time outside (16). However, other
research has shown limited relationships between body weight
and range use (15, 17). Thus, research specifically examining the
longitudinal relationship between individual range use patterns
and welfare parameters will provide further insight.

In Australia, pullets reared for free-range systems cannot go
outdoors due to health risks and the sheds not being designed
accordingly, whereas adults have range access. This dissimilarity
between rearing and adult housing might affect their adaptation
to the range and subsequent welfare as similar rearing and
laying housing environments are recommended for hens (18) to
achieve better health and welfare outcomes. Enrichments during
pullet rearing might contribute to overcoming the constraint
of indoor rearing for free-range hens. For example, providing
periodically altered novel objects may increase the adaptation
to unpredictable environments as could be experienced during
outdoor ranging as adults (19), or placing perching structures
in the pullet shed may improve spatial navigation (20). More
enriched pullet housing might also reduce stress and improve
adaptability (21). In a previous study carried out at the same
facility as the current study, chicks were provided with a variety of
enrichments for the first 3 weeks of life compared with standard
floor litter (19). When environmental stressors were applied, the
enriched hens showed lower albumen corticosterone responses
compared with the non-enriched hens indicating a reduced stress
response (19).

Environmental stressors can have negative impacts on the
production and welfare of laying hens. Common stressors
include high stocking density, changes in management practice,

changes in the social environment, or changes in resource
access and can result in physiological welfare impacts such as
increased stress hormones and/or changes in behavioral patterns
(19, 22–24) although not in all cases (25). The impacts of
these stressors may also manifest as changes in egg quality
where varying parameters have been shown to be impacted by
dietary corticosterone (26) or environmental stressors such as
temperature and infection (27). Other environmental causes of
acute or chronic stress in laying hens may result in changes in
their egg quality.

In this context, the study was performed to assess the
effect of rearing enrichments on, and associations of individual
ranging patterns with, welfare parameters of free-range laying
hens across the flock cycle along with hens’ adaptability to an
environmental stressor. We predicted better welfare in high
outdoor ranging birds over the indoor hens along with better
welfare and adaptability of the hens enriched during rearing than
the control hens.

MATERIALS AND METHODS

Ethical Statement
The research procedures were approved by the Animal
Ethics Committee of the University of New England,
Australia (AEC17-092).

Animals
The study was conducted at the Rob Cumming Poultry
Innovation Centre (indoors) and Laureldale poultry facility (free-
range) of the University of New England, Armidale, NSW,
Australia, using a total of 1386 Hy-Line R© Brown layers. Surplus
chicks were delivered in error and thus a total of 1,700 chicks
were reared, but only 1,386 were transferred to the free-range
facility. Surplus pullets that were of comparatively higher/lower
body weight at 15 weeks of age and other randomly selected
pullets from each pen were rehomed. A subsample of these
hens at the end of the production cycle was reported on in
Bari et al. (16) with similar data collection methods applied as
described in the current study. The chicks and pullets were reared
indoors within nine pens (6.2m L × 3.2m W) across three
separate rooms up to 16 weeks of age, before being moved to
the free-range facility and housed in nine pens within a single
shed. The chicks and pullets were exposed to three enrichment
treatments including a control group with a standard floor
litter of rice hulls and no extra materials, a novelty group with
different objects such as balls, bottles, bricks, brooms, brushes,
buckets, containers, pet toys, and plastic pipes, that were added
and changed weekly, and a structural group with four custom-
designed H-shaped perching structures (L, W, H = 0.60m)
with two solid panels and one open-framed side. To visually
isolate birds of each treatment group, shadecloth was hung on
the wire pen dividers with each room having one replicate of
each treatment (n = 3 replicates/treatment). The birds were
provided ad libitum commercial mash feed placed in manual
round feeders along with ad libitum water access from automatic
nipple drinkers. The pullet density was approximately 15 kg/m2

(∼9 birds/m2) (average 174–190 pullets/pen) at 16 weeks of age.
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All of the resources were provided to meet the requirements
of the current Australian Model Code of Practice for the
Welfare of Animals–Domestic Poultry (28). The management
schedules of temperature and lighting were maintained as
per the recommendations of the Hy-Line R© Brown alternative
management guidelines (29). However, as the pullets were
intended tomove outside in a free-range house as adults, artificial
LED lighting was maintained at 100 lux. No cooling system was
available, but mechanical ventilation with heating was provided
as needed. Chicks were vaccinated as per regulatory requirements
and standard recommendations including vaccination against
Newcastle disease, Marek’s disease, fowl pox, fowl cholera,
egg drop syndrome, Mycoplasma gallisepticum, Mycoplasma
synoviae, infectious bronchitis, infectious larngotracheitis, and
avian encephalomyelitis. The chicks were also infra-red beak-
trimmed at the hatchery.

The pullets at 16 weeks of age were re-housed in the Laureldale
free-range facility across 9 indoor pens (n = 154 hens/pen; 3.6m
W× 4.8m L) each with outdoor access via pop-holes. The pullets
from different replicates of each treatment were socially re-mixed
within their rearing treatments. Shadecloth visually isolated the
indoor pens and outdoor range areas from each other. Rice hulls
were used as floor litter, and a complete litter replacement was
done at the mid-point of the flock cycle. Each pen was provided
with nest boxes (two small and one large nest box), perches,
two round hanging feeders, and water nipples to meet model
code guidelines.

From 16 weeks of age onwards, the artificial LED lighting
gradually increased to 16 h light and 8 h darkness by 30 weeks of
age with an average light intensity of 10.0 (±0.84 SE) lux (Lutron
Light Meter, LX-112850; Lutron Electronic Enterprise CO., Ltd,
Taipei, Taiwan) for each pen as measured at birds’ eye height
from three pen locations (front, middle, back) when the pop-
holes were closed. This light intensity (lux) was the highest that
could be achieved with the shed lighting system. There was no
automatic temperature and humidity control in the shed, but it
was mechanically fan-ventilated.

For outdoor ranging, each pen was connected to an outdoor
area (31m L × 3.6m W for each pen) that was accessed by the
hens via two pop-hole openings (18 cmW× 36 cmH). The range
area just after the pop-holes was 1.1m of concrete path, then
1.6m of river rock followed by a grassed area with no additional
trees or shelter. The grassed area became bare dirt following both
hen access and the winter season. Hens were provided access to
the outdoor area from 25 weeks of age (May 2018) for most of
the daytime via automatic opening and closing of the pop-holes.
The pop-holes opened at 9:15 a.m. and closed after sunset daily.
This equated to∼9 h of available ranging time daily across winter
followed by ∼11 h of available ranging time daily after daylight
saving time began (October 2018 until February 2019).

Radio-Frequency Identification System
Radio-frequency identification (RFID) systems (17) were placed
within the pop-holes to track the hens’ movement in and
out of the pop-holes. The RFID systems were designed and
supported by Microchips Australia Pty Ltd (Keysborough,
VIC, Australia) with equipment developed and manufactured

by Dorset Identification B.V. (Aalten, the Netherlands) using
Trovan R© technology. All hens were banded with microchips
(Trovan R© Unique ID 100 (FDX-A): operating frequency
128 kHz; Microchips Australia Pty Ltd) glued into adjustable
leg bands (Roxan Developments Ltd, Selkirk, Scotland) with the
system recording the date and time of each tagged bird passing
through and in which direction (onto the range, or into the pen)
with a precision of 0.024 s (maximum detection velocity 9.3 m/s).
The individual ranging data were collected daily from 25 until 64
weeks of age (excluding some days when there was a technical
malfunction or when there were experimental processes such as
the weighing/scoring of hens).

Extraction of Ranging Data
The individual-hen daily RFID data throughout the laying cycle
from 25 to 64 weeks of age were collated into four daily-average
sets to match the periodic welfare scoring of the hens (see section
Individual Welfare Assessment); averages at 33 weeks (32 days
up to 12 June 2018), 43 weeks (55 days up to 20 August 2018),
56 weeks (48 days up to 20 November 2018), and 64 weeks (70
days up to 30 January 2019) of age. The data were run through
a custom-designed software program written in the “Delphi”
language (Bryce Little, Agriculture and Food, CSIRO, St Lucia,
QLD, Australia) that filtered out any unpaired or “false” readings
that may occur if, for example, a hen sits inside the pop hole but
does not complete a full transition onto the range or back into the
pen. The software program then summarized themean daily time
(hours) outdoors per day for each of the hens across the different
age periods. To assess the effect of the implemented stressor
(shrinkage of ranging area, see section Environmental Stressor)
on ranging behavior (time outside and also the number of visits
to the range), the individual-hen data 10 days before the stressor
was applied and 10 days during the stress were also compiled
(ranging data during the stressor period were not included in the
summaries for the welfare scoring age points).

Individual Welfare Assessment
The welfare assessment of all hens was done individually at five
age points including 25, 33, 43, 56, and 64 weeks of age. All
hens were scored inside under bright working lights by the same
trained scorer who was not blind to the rearing treatments but
was unaware of individual hen ranging patterns. All the hens
were weighed individually using electronic hanging scales (BAT1;
VEIT Electronics, Moravany, Czech Republic). The external
welfare parameters of feather loss at different body parts (neck,
chest, back, wing, vent, tail) and footpad lesions were assessed
using the scoring system described by Tauson et al. (30). In this
scoring system, four scores were available for feather coverage
where a score of 4 indicated minimal feather damage, and a
score of 1 indicated no plumage, just bare skin. The back of the
neck was scored separately from the front of the neck which
was not included in the analyses as the majority of damage
on the neck front was believed to have resulted from rubbing
on the feeder rims rather than pecking damage. A maximum
score of 24 could be obtained for feather condition across six
body parts. Footpad lesions were scored as a four for a normal
footpad with no lesions or dermatitis and a score of 1 for swollen,
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infected bumblefoot. The exact number of fresh or healing comb
wounds was also counted (combwounds were easily visible under
the lights regardless of variation in comb color), and toenail
length was measured in mm using a seamstress tape measure.
Beaks were scored as 0, 1, or 2 indicating no, mild, or moderate
damage, respectively. Beak damage was scored based on the
evenness of the upper and lower mandibles including overgrowth
or deformities which may have resulted from the day-old beak
trimming procedure. The keels of each hen were scored by
palpation as 1, 2, or 3 indicating normal (no damage), mild, or
moderate damage, respectively. The birds were also examined
for any other external signs of injury or illness such as a swollen
abdomen, an enlarged crop or prolapse.

The mortality of hens was counted throughout the flock cycle.
Hen mortality was recorded if a hen died, was euthanized, or
rehomed if severely feather-pecked. A total of 28 hens were
recorded throughout the cycle as the flock mortality of which
nine were from the control group; nine, from the novelty group;
and nine, from the structural group of rearing treatments.

Environmental Stressor
The imposed environmental stressor for this trial was a reduction
in available range area, similar to that applied in a previous study
(19). The total outdoor area for each pen was reduced, using
shadecloth, to ∼20% of its original size (from 31 to 6m L). The
range area was reduced for 11 days from 44 to 45 weeks of age
with egg measurements (see following sections on Egg Quality
and Albumen Corticosterone) taken before the range shrinkage,
the first days of shrinkage (immediate stress), and at the end of
the stressor period (prolonged stress).

Egg Quality
A total of 810 eggs were sampled at three time points with 270
sampled per time point (30/pen), collected randomly from all
of the laying locations including small nests, large nests, and
floors of the pens. The dirty eggs were excluded. The samples
were first collected 4 days prior to stressor implementation as
baseline samples; the same number of eggs was collected on Day
3 of shrinkage (immediate stress) and Day 10 of shrinkage as the
prolonged stress samples. All the egg samples were individually
tested for egg quality parameters including shell reflectivity,
egg weight, breaking strength by quasi-static compression, shell
deformation to breaking point, albumen height, Haugh Unit,
yolk color score, shell weight, and shell thickness [Egg quality
equipment; Technical Services and Supplies (TSS), Dunnington,
York, UK]. Yolk color was measured digitally as a score based
on color intensity corresponding to the DSM YolkFan (TSS
equipment). Empty eggshells were then washed and left to dry for
24 h. The thickness of dried shells was measured at the eggshell
equator in three places using a custom-made gauge based on
a Mitutoyo Dial Comparator gauge (Model 2109-10). All the
measurements of eggs were made on the day of collection (except
eggshell thickness) by personnel blinded to the rearing treatment
of the birds.

Albumen Corticosterone
For the evaluation of concentrations of albumen corticosterone, a
total of 50 eggs from each of the nine pens were sampled at three

stages on the same days as the egg quality measurements; Day 4
prior to range shrinkage, and Days 3 and 10 following shrinkage.
Eggs were collected from all laying locations but excessively dirty
eggs were excluded. On the day of collection, the eggs were
opened individually, the yolk was separated out and then the
albumen was weighed and stored at −20◦C until assessment
using the validated radioimmunoassay reported by Downing and
Bryden (31). All the egg corticosterone samples were analyzed
blindly to the rearing treatments and implemented stressors.

Data and Statistical Analyses
Statistical analyses were conducted in JMP R© 14.0 (SAS Institute,
Cary NC, USA) with α set at 0.05. The individual hen or
sampled egg was the experimental unit. Data were transformed
where needed but the raw values are presented in the tables
and graphs. Non-significant interactions were removed from
the final models. Post-hoc Student’s t-tests were applied to the
least-squares means where significant differences were present.

The welfare scoring data including the live weight, number
of comb wounds, beak score, keel score, plumage score (total),
and toenail length at different age points (25, 33, 43, 56, 64
weeks) throughout the laying cycle for individual hens from
different rearing treatments were compiled (n = 6,876 data
points/welfare parameter except for the beak score data which
had n= 5,492 data points as beaks were not scored at the 25 week
assessment date). The number of comb wounds and plumage
score data were square-root-transformed, and the toenail length
data were log10-transformed. For live weight, number of comb
wounds, plumage score, and toenail length, general linear mixed
models were fitted, with rearing treatment, age of hen, and their
interaction as fixed effects and bird ID nested within pen nested
with rearing treatment and pen nested within rearing treatment
as random effects. The ordinal beak, keel and footpad scores
were analyzed using an ordinal logistic regression with rearing
treatments, age of hen and their interaction as fixed effects.
The mean daily ranging time (h) of individual birds across all
rearing treatments combined were correlated with the welfare
parameters of live weight, beak score, keel score, number of comb
wounds, plumage score (total), and toenail length of each bird
using simple linear regressions separately for each age point.
Ordinal logistic regressions were applied to the beak, keel, and
footpad scores and ranging data. The r-values for each parameter
were also calculated to display the direction of the relationship
(rho values for the ordinal data).

The egg albumen corticosterone concentration data across
the stressor period were compiled for the three different rearing
treatments (n = 1,329 data points, 21 samples could not
be accurately processed). A general linear mixed model was
fitted, with rearing treatments, the stressor treatment, and their
interaction as fixed effects and pen nested with rearing treatments
as a random effect.

The average outdoor ranging time (h) per day and the
average number of visits per day before the stress treatment and
after applying stress were compiled for individual birds. The
differences in ranging time (h) and number of visits per day were
calculated per bird (n = 1,303 data points as ranging data were
unavailable for hens that stayed inside). A positive difference
number indicated a decrease in the number of visits/ranging time
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(h), and a negative difference number indicated an increase in
the number of visits/ranging time (h) during the stressor period.
General linear mixed models were fitted, with rearing treatment
as a fixed effect and bird ID nested within pen nested with rearing
treatment as a random effect.

Egg quality parameters measured from hens prior to stressing
(baseline), immediate stress, and at prolonged stress were
compiled based on the individual egg sampled (n = 810 data
points: 30 eggs × 9 pens × 3 time collections). The values
obtained for shell deformation and shell thickness were log10
transformed to improve normality. Percent shell reflectivity data
were converted to proportions and logit transformed, and yolk
color score data were square-root-transformed. General linear
mixed models were fitted, with stressor time point and rearing
treatment as fixed effects including their interaction, and pen
nested within rearing treatments as a random effect.

RESULTS

Welfare Assessment
There was a significant interaction between hen age and rearing
treatments for the live weight of free-range hens [F(8, 5475) = 5.46,
P < 0.003] where the control hens showed a smaller increase
in body weight at 56 weeks of age and a greater reduction at
64 weeks of age compared to the structural and novelty hens
(Figure 1). However, all hens showed similar trends across age

with increases in live weight up until 56 weeks followed by
a decrease at 64 weeks of age (Figure 1). There was also a
significant interaction between hen age and rearing treatments
for the average number of comb wounds [F(8, 5490) = 5.47, P
< 0.0001] with the control hens showing a greater increase in
wound numbers at 33 weeks of age (Figure 2). Similar patterns of
change were observed across age for all hens with an increase at
33 weeks followed by a decrease across the flock cycle (Figure 2).
There was a significant interaction between hen age and rearing
treatments for plumage coverage [F(8, 5476) = 86.43, P < 0.0001],
where both the novelty and structural hens had better plumage
coverage than the control hens at the later ages (Figure 3).
All hens did show a reduction in plumage coverage across age
from 43 weeks onwards (Figure 3). There was a significant
interaction between hen age and rearing treatments for toenail
length [F(8, 5482) = 11.30, P < 0.0001] where the structural hens
had the shortest toenails at the later ages, and the novelty hens the
longest (Figure 4). All hens showed similar changes across age
with an initial decrease in toenail length followed by an increase
at 56 and 64 weeks of age (Figure 4).

An ordinal logistic regression showed that both the age of hen
(mean score± SEM: 33 weeks 0.23± 0.01, 43 weeks 0.14± 0.01,
56 weeks 0.12± 0.01, 64 weeks 0.10± 0.01) (χ2 = 104.07, df= 4,
P < 0.0001) and rearing treatment (mean score ± SEM: control
0.15 ± 0.01, novelty 0.08 ± 0.01, structural 0.12 ± 0.01) (χ2 =

31.05, df = 2, P < 0.0001) had a significant relationship with

FIGURE 1 | The mean ± SEM of live weight (kg) of hens from different rearing treatments (control, novelty, structural) at different age points (25, 33, 43, 56, 64 weeks)

in their laying cycle. The rearing treatments and age of hen interacted significantly (P < 0.003).
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FIGURE 2 | The mean ± SEM of the number of comb wounds in hens from different rearing treatments (control, novelty, structural) at different age points (25, 33, 43,

56, 64 weeks) in their laying cycle. The rearing treatments and age of hen interacted significantly (P < 0.0001). Raw data are presented with analysis conducted on

transformed data.

the beak score of free-range hens, but no significant interaction
(P = 0.10), so this was removed from the final model. Both the
age of hens (mean score ± SEM: 25 weeks: 1.03 ± 0.004, 33
weeks 1.01 ± 0.002, 43 weeks 1.05 ± 0.01, 56 weeks 1.09 ± 0.01,
64 weeks 1.09 ± 0.01) (χ2 = 142.65, df = 4, P < 0.0001) and
rearing treatment (mean score ± SEM: control 1.05 ± 0.001,
novelty 1.05 ± 0.001, structural 1.07 ± 0.001) (χ2 = 13.43, df
= 2, P = 0.001) had a significant relationship with the keel score
of free-range hens but no significant interaction (P = 0.18), so
this was removed from the final model. The age of hens had a
significant relationship (χ2 = 172.92, df = 4, P < 0.0001) with
the footpad score (mean score± SEM: 25 weeks: 4± 0, 33 weeks
3.96 ± 0.005, 43 weeks 3.98 ± 0.005, 56 weeks 3.99 ± 0.004,
64 weeks 3.93 ± 0.008), but rearing treatment did not (χ2 =

4.21, df = 4, P = 0.12) and there was no significant interaction
(P = 0.16), so this was removed from the final model. Overall,
across age, the beak score decreased (better beak condition), the
footpad scores decreased (worse footpad condition), and the keel
scores increased (worse keel condition). The structural group
had higher keel scores, and the novelty group had lower beak
scores than the other groups. Across the study period, few other
health issues were observed, and most occurred when the hens
were older. In total, the documented health issues comprised:
control group: one hen observed wheezing, seven with prolapses,
three with enlarged crops, and three with swollen abdomens;

novelty group: six hens with prolapses; structural group: eight
hens with prolapses, one with an enlarged crop, and four with
swollen abdomens.

Relationship Between Hen Welfare and
Ranging
The test statistics for relationships between welfare parameters
and ranging are shown in Table 1. There was a significant
negative relationship between live weight and ranging at 56 and
64 weeks of age (both P < 0.0001). The beak and keel damage
score of hens had significant negative and positive relationships
with outdoor ranging at 43 (both P = 0.04) and 64 (P =

0.0003 and 0.0004) weeks of age, respectively. Footpad scores
had significant negative relationships with outdoor ranging at 33
and 64 weeks of age (both P ≤ 0.002), and a significant positive
relationship at 43 weeks (P= 0.03). The number of combwounds
and ranging showed a significant negative relationship at 33 (P=

0.0005), 56 (P = 0.006) and 64 (P < 0.0001) weeks of age. The
plumage coverage score and ranging had a significant positive
relationship at 43, 56, and 64 weeks of age (all P < 0.0001). The
toenail length of hens and ranging were significantly negatively
correlated at all age points including 33, 43, 56 and 64 weeks
of age (all P < 0.0001). Overall, ranging affected several welfare
parameters but the strongest relationship (R2 value) was between
ranging and toenail length (Table 1).
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FIGURE 3 | The mean ± SEM of plumage score of hens from different rearing treatments (control, novelty, structural) at different age points (25, 33, 43, 56, 64 weeks)

in their laying cycle. The rearing treatments and age of hen interacted significantly (P < 0.0001). Lower scores reflect poorer plumage condition. Raw data are

presented with the analysis conducted on transformed data.

Stressor and Rearing Treatment Effects on
Ranging Behavior and Albumen
Corticosterone
The average number of visits outside increased following range
area shrinkage and varied between rearing treatments with a
lower increase in the number of visits for the structural group
hens [F(2, 1300) = 3.51, P = 0.03, Figure 5]. In contrast, the
hens’ ranging time (h) decreased but did not differ significantly
between the rearing treatments [F(2, 1300) = 1.41, P = 0.24].

There was a significant interaction between rearing treatments
and the imposed stressor treatment on the egg albumen
corticosterone concentrations at 43 weeks of age [F(4,1314)
= 90.29, P < 0.006]. The corticosterone concentration of
both the control and novelty group of hens increased
immediately following the range shrinkage but then decreased
at the prolonged stress time point. In contrast, the albumen
corticosterone concentration in structural hens decreased
immediately following the range shrinkage and then increased
slightly at the prolonged stress time point (Figure 6).

Stressor and Rearing Treatment Effects on
Egg Quality
The rearing treatments did not significantly affect the egg quality
parameters (all P≥ 0.30) but the stressor treatment did (Table 2).
The eggshell reflectivity (P < 0.0001), egg weight (a trend at
P = 0.06), breaking strength (P = 0.004), shell deformation
(P = 0.0008), and shell weight (P = 0.02) all decreased as the
stressor time increased. In contrast, the albumen height and
Haugh unit increased across the stressor duration (both P <

0.0001). The yolk color score fluctuated (P = 0.0002) with an
increase in the immediate stress period indicating darker yolks
and then a decrease at the prolonged stress period corresponding
to a lighter colored yolk (Table 2). There were no significant
interactions for any of the parameters (P ≥ 0.09) except for
eggshell weight [F(4,795) = 2.63, P < 0.006]. In the immediate
and the prolonged stress period, the eggshell weight of the
structural group showed an increase followed by a decrease in
shell weight, whereas the opposite pattern was seen for the other
treatment groups.
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FIGURE 4 | The mean ± SEM of toenail length (cm) of hens from different rearing treatments (control, novelty, structural) at different age points (25, 33, 43, 56, 64

weeks) in their laying cycle. The rearing treatments and age of hen interacted significantly (P < 0.0001). Raw data are presented with analysis conducted on

transformed data.

DISCUSSION

We evaluated the impacts of rearing enrichments on, and
associations of, outdoor ranging with welfare parameters of free-
range hens across the laying cycle along with their adaptation to
an imposed environmental stressor. Rearing treatments affected
welfare parameters of plumage coverage, toenail length, and
body weight with greater differences seen between treatments
as the hens aged. Typically both types of enriched hens
were different from the control hens and showed improved
welfare but not exclusively across all measured parameters.
The structural hens showed more keel bone damage. Results
on ranging patterns from the same flock of hens showed that
the structural hens spent more time outside and the novelty
hens had fewer visits to the range; both enriched groups had
longer individual visits than the control hens (32). Welfare
parameters of body weight, comb wounds, toenail length,
beak damage and footpad condition decreased with range use,
and keel bone damage increased but inconsistently across the
measured age points. Plumage coverage improved with range
use across most age points. The average number of visits outside

increased due to the imposed stressor and varied between rearing
treatments with a lower increase in the number of visits in
the structural group of hens. Correspondingly, the structural
hens showed contrasting changes in albumen corticosterone
concentrations where the corticosterone decreased immediately
after the implementation of the stressor but increased in the
control and novelty hens. There were clear impacts of the stressor
treatment on all egg quality parameters. The limitation of only
three replicates per treatment due to the confounds of the
available experimental facilities must be acknowledged in the
interpretation of the findings.

Enriched hens had better plumage coverage throughout the
laying cycle. A subset of hens with the most extreme ranging
patterns (nil, low, and high range use) from the same flock as
the current study also showed better plumage in the enriched
hens than the non-enriched hens at the later stage of the
laying cycle (16). Plumage losses are typically the result of
the feather pecking behavior of hens. Rearing enrichments
might affect the development of pullets’ behavior (33) such as
increasing exploratory behavior (20, 34) and navigation abilities
(20), subsequently affecting their movement both indoors and
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TABLE 1 | The regression analyses of welfare parameters with outdoor ranging time (hours per day) of free-range hens at different age points across the flock cycle.

Parameters Hen age r* R2 F- stats P

Live weight 33 weeks −0.02 0.0006 F (1, 1381) = 0.82 0.36

43 weeks −0.04 0.002 F (1, 1373) = 2.21 0.14

56 weeks −0.11 0.01 F (1, 1374) = 15.44 < 0.0001

64 weeks −0.11 0.01 F (1, 1356) = 17.10 < 0.0001

aBeak score 33 weeks −0.04 0.0009 df = 1, χ
2 = 1.48 0.22

43 weeks −0.05 0.004 df = 1, χ
2 = 4.29 0.04

56 weeks −0.13 0.02 df = 1, χ
2 = 22.12 < 0.0001

64 weeks −0.10 0.02 df = 1, χ
2 = 13.31 0.0003

aKeel score 33 weeks −0.002 0.0001 df = 1, χ
2 = 0.008 0.93

43 weeks 0.05 0.007 df = 1, χ
2 = 4.05 0.04

56 weeks 0.05 0.003 df = 1, χ
2 = 2.75 0.10

64 weeks 0.10 0.01 df = 1, χ
2 = 12.33 0.0004

aFootpad score 33 weeks −0.06 0.02 df = 1, χ
2 = 7.66 0.006

43 weeks 0.06 0.02 df = 1, χ
2 = 5.23 0.02

56 weeks −0.009 0.004 df = 1, χ
2 = 0.07 0.79

64 weeks −0.10 0.02 df = 1, χ
2 = 13.75 0.0002

Number of comb wounds 33 weeks −0.11 0.009 F (1, 1381) = 12.17 0.0005

43 weeks −0.007 0.0002 F (1, 1373) = 0.23 0.64

56 weeks −0.08 0.005 F (1, 1374) = 7.57 0.006

64 weeks −0.08 0.005 F (1, 1356) = 6.62 0.01

Plumage score 33 weeks 0.04 0.002 F (1, 1381) = 2.14 0.14

43 weeks 0.17 0.03 F (1, 1373) = 42.14 < 0.0001

56 weeks 0.25 0.06 F (1, 1374) = 91.74 < 0.0001

64 weeks 0.22 0.05 F (1, 1356) = 71.46 < 0.0001

Toenail length 33 weeks −0.18 0.03 F (1, 1381) = 43.57 < 0.0001

43 weeks −0.39 0.15 F (1, 1373) = 237.92 < 0.0001

56 weeks −0.43 0.18 F (1, 1374) = 304.21 < 0.0001

64 weeks −0.49 0.23 F (1, 1356) = 407.50 < 0.0001

aSubjected to ordinal logistic regression and Spearman’s correlation.
*A correlation coefficient is included to display the direction of the relationship.

outdoors (19). Hens that spendmore time exploring and foraging
outside may consequently reduce the time spent feather pecking
conspecifics or be better able to avoid being pecked. As the
hens from different rearing treatments also showed differences
in ranging behavior (32), it is unclear whether the effects of the
rearing treatments were related to behavioral differences that
developed during the rearing period, if they were a consequence
of the variation in range use, or a combination of both.
Reductions in feather pecking behavior and/or improvements
in plumage have previously been demonstrated to be associated
with greater use of the range area (9, 10, 35), although Larsen
et al. (15) found no association between plumage condition
and individual outdoor ranging. Feather pecking might also
be associated with negative affective states such as fear (36)
which could be mitigated by increased exercise, a hypothesis
that warrants further investigation in ranging hens. Differences
in pecking behavior may be related to differences in social
interactions. Early feather pecking behavior is evidenced to be
associated with social exploration (37), and in a previous study
with free-range hens, there were differences in synchronized
group-level ranging patterns between enriched/non-enriched

hens (38). In support of this, the most comb wounds were seen
at 33 weeks of age and more so in the control hens than both
enriched groups. This might be a result of the social restructuring
in the group when they started to use the range. Pop-holes were
first opened at 25 weeks of age, but range use was initially low
(32). At 33 weeks of age when range use was increasing, the
indoor stocking density lowered and potentially resulted in the
reorganization of social hierarchies. The control hens with the
most comb wounds may have been poorer at managing their
social interactions.

Other welfare parameters were also associated with range use
with more differences seen as the hens aged. Similarly, hours
spent outside increased as the hens aged followed by a drop
from 56 to 64 weeks of age which was likely affected by the
summer season (32). However, although there were significant
relationships for keel damage, beak condition, footpad condition,
comb wound count, and body weight, the R2 values were
very low indicating that the ranging patterns only accounted
for some of the variability that was seen. Keel bone damage
was higher in the structural hens, but they also showed more
ranging (32), which may have contributed to this difference
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FIGURE 5 | The mean ± SEM of the changes in ranging time (hours) and number of visits due to the applied stress on free-range hens from different rearing

treatments (control, novelty, structural). a,bDissimilar superscript letters indicate significant differences between the change in the number of visits across different

rearing treatments (P < 0.05).

between the rearing treatments. Larsen et al. (15) also found few
associations between welfare indicators and range use variability
in commercial free-range hens. These authors hypothesized that
the choice provided in the free-range environment allows each
hen to range to the degree that meets their own needs; thus,
natural individual variation in ranging may not have detectable
implications for welfare. The impacts of range use may, however,
be stronger for hens that show more extreme ranging patterns
as were selected in a subsample of hens from the current study
(16). Additionally, forced ranging patterns disparate from natural
choices (i.e., reducing range access hours, or forcing hens outside)
may have greater effects on individual welfare, but this hypothesis
remains to be tested. The clearest relationship between ranging
and welfare scoring was the reduction of toenail length for
hens that spent more time outside. This result has previously
been demonstrated (13, 17), and it is expected that more time
walking/scratching in the dirt would maintain suitable toenail
lengths which can reduce the risks of getting toenails caught in
the structure of the system.

The applied environmental stressor impacted the hens’
ranging by decreasing the ranging time outdoors while increasing
the number of visits outside. There was no effect of rearing
treatment on the change in time spent outside, but the structural

hens showed a lower increase in the number of outdoor visits.
These ranging behavior results are similar to those of a previous
study conducted in the same facility that applied the same
stressor to smaller flocks of hens exposed to enrichments (or not)
for the first 3 weeks of life (19). However, in this previous study,
the enriched hens (visual, auditory, structural enrichments)
showed a greater increase in the number of visits relative to
non-enriched hens (19). Physiologically, the structural hens
actually showed a decrease in albumen corticosterone when
sampled 3 days after the range area was reduced, compared
with an increase in the control and novelty hens. This result is
similar to the corticosterone responses following the first week
of range access in the same flock of hens where the structural
hens showed the smallest increase compared with the other
treatment groups and had higher baseline levels (32). In the
previous study the enriched hens also showed lower increases in
corticosterone following imposed stressors (19). The structural
hens in the current study may have been more adaptable to
environmental change showing comparatively lower behavioral
modification and a lower physiological stress response; however,
the mechanism for this is unclear. The lower physiological
response and comparatively lower behavioral response does
not align with coping styles, as in both active and passive
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FIGURE 6 | The albumen corticosterone concentrations (ng/g) of eggs from 43 to 45-week old free-range hens from different rearing treatments (control, novelty,

structural) across an implemented stressor period (baseline, immediate, prolonged). The interaction between rearing and stressor treatments was significant (P <

0.006) but a,b,cdissimilar superscript letters indicate the significant difference across stressor time only.

TABLE 2 | The least squares means (LSM) ± standard error of the mean (SEM) of egg quality parameters across the implemented stressor period (baseline, immediate,

prolonged).

Parameters Stress treatment SEM F, df P

Baseline Immediate Prolonged

Shell reflectivity 30.75a 26.30b 26.71b 0.25 F (2, 799) = 96.08 < 0.0001

Egg weight (g) 62.69a 61.87b 61.97ab 0.35 F (2, 799) = 2.86 0.06

Albumen height (mm) 9.96b 10.36a 10.55a 0.13 F (2, 799) = 13.61 < 0.0001

Haugh unit 98.10b 100.30a 101.00a 0.60 F (2, 799) = 16.05 < 0.0001

Yolk color score 10.34c 10.65a 10.50b 0.09 F (2, 799) = 8.52 0.0002

Breaking strength (N) 46.85a 45.10b 45.06b 0.53 F (2, 799) = 5.48 0.004

Shell deformation (mm) 0.29a 0.28b 0.27b 0.004 F(2, 799) = 7.23 0.0008

Shell weight (g) 6.13a 6.03b 6.04b 0.03 F (2, 795) = 3.99 0.02

Shell thickness (mm) 0.43 0.43 0.43 0.002 F (2, 799) = 0.61 0.54

a−cMeans with different superscript letters in each row differ significantly (P < 0.05). Raw data are presented in the table with some analyses conducted on transformed data.

responses, the direction of change between behavioral and
physiological parameters oppose each other (39). The structural
hens may have developed improved adaptability through the
perching structures during rearing that included both height and
opaque panels. This may have enabled the pullets to exhibit
avoidance behaviors as needed (e.g., perching as a predator

avoidance strategy) which stimulated coping. Further research
would be needed to explore this idea. The higher degree of
outdoor ranging prior to implementation of the stressor may
have also meant these hens were getting more exercise, which
modified the functioning of their hypothalamic pituitary adrenal
axis and advanced their rate of physiological adaptation to
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the stressor (40). The complex relationship between baseline
metabolism and glucocorticoids may have been impacted by
typical ranging differences between the treatment groups (41, 42).
All hens reduced ranging time, but the control and novelty hens
increased their visits, whereas the structural hens did not to
the same degree; thus, their overall ranging activity was lower
during the stressor period. The validated radioimmunoassay to
determine the corticosterone concentrations used antiserum that
does have some cross-reactivities to other steroids (31), so it
is unclear to what degree these may have affected the results.
Blood profiles in future testing could be more informative or
provide additional measures (41) but require invasive sampling
techniques. Further studies could also measure the rate of
adaptation following the removal of an imposed stressor,
which was not assessed in this study, including measuring
the use of the available range area rather than just time and
visits outside.

It is possible that the structural enrichments during
rearing resulted in neurological changes such as greater
hemispheric flexibility that improved adaptive responses to their
environments (43). Previous comparisons between cage-reared
and aviary-reared hens showed functional lateralization in the
hippocampus and caudolateral nidopallium but no differences
between the rearing treatments, although all birds were in
similar environments for the first 4 weeks of rearing (44).
Campbell et al. (45) found no differences in the telencephalon
or hippocampal volume between enriched-reared and non-
enriched-reared hens. However, multiple studies in rodents have
demonstrated increased synaptic plasticity in the hippocampus
of animals exposed to enrichments, particularly short-term
(46). The impacts of rearing on neural maturation warrant
further investigation.

Environmental stressors did affect egg quality with eggshell
reflectivity, egg weight, breaking strength, shell deformation, and
shell weight showing decreases, but albumen height and Haugh
units showed increases across the stressor period. However,
distinct from the rearing treatment effects in behavioral and
corticosterone change, the effects on egg quality were similar
across all groups of hens. Some of these effects of stress on
egg parameters were similar to impacts of heat stress and
disease on egg quality (27, 47, 48). Decreases in yolk color
also correspond with the effects of dietary corticosterone but
the increased albumen height is opposite to previous reports
of corticosterone supplementation (26) or heat stress (49).
The implemented stressor and changes in corticosterone may
have affected albumen proteins (50), but changes in activity
levels (ranging behavior) and potentially feed intake may have
also had impacts on nutrient allocation as rearing treatment
differentially affected corticosterone concentrations but not egg
quality parameters. The egg weight and shell characteristics
including eggshell color were decreased due to stress, which
might be related to reduced feed intake, particularly calcium
which could have affected breaking strength, shell deformation,
and shell weight. However, feed intake was not measured
in this study, and thus, further research is warranted to
clarify this.

CONCLUSION

Overall, enrichments in rearing provided welfare benefits at
some age points, including better plumage coverage, fewer comb
wounds, and shorter toenails, but this was likely associated
with the differences in ranging also seen between the rearing
treatment groups. Ranging was related to primarily improved
welfare parameters of free-range hens, but these relationships
had high individual variability. Structural enrichments may have
improved adaptation byminimizing both behavioral changes and
immediate physiological stress responses. Change in resource
access decreased egg quality, but rearing enrichments did not
minimize these effects. Rearing enrichments along with optimum
range access could be recommended for positive effects on
hen welfare. However, this study only had three replicates per
treatment due to the limitations of the experimental facilities,
and thus, longitudinal studies with increased replicates and in
commercial settings to clarify the relationship between individual
range use and welfare parameters are warranted.
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