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The aim of the study was to determine whether early access to elevated structures affects spatial navigational
abilities. Ninety six day-old chicks were reared in 16 pens. Eight pens were provided with A-frame perches with
an attached platform and a ramp. Eight pens had no elevated structures. At 14-15 days of age 48 chicks were
tested in a battery of navigational tasks: a detour test, jump test and rotated floor test (RFT). The remaining 48
chicks received the same tests at 28-29 days of age. Chicks reared with elevated structures were faster at
completing the detour test (P = 0.045). Older chicks were more likely to turn left in the detour test (p = 0.013)
and were more successful in the jump test (69% vs 31% completion, p = 0.001). There was no treatment effect
on use of intra or extra-maze cues in the RFT, but the proportion of chicks using intra-maze cues declined
between the first (0.76) and second (0.43) repeat of the RFT (p = 0.038), particularly for chicks reared with
elevated structures. We conclude that bird age or developmental stage may have a predominant influence on
spatial navigation and physical ability, but early experience of elevated structures had some mediating effects

which require further investigation.

1. Introduction

A growing proportion of laying hens are being housed in non-cage
systems. Whether single, or multi-tier (aviary), these systems can be
complex for birds to navigate. Resources such as food, water, nest boxes
and litter are distributed throughout the system and on multiple levels
in aviary houses. Successful movement within these systems and into
outdoor areas, if available, will be influenced by the birds’ general
cognitive abilities and their specific spatial navigation skills.

Most hens are reared in separate facilities to 15-18 weeks of age,
then transferred to the laying system. It is recognised that rearing en-
vironment should be tailored to the laying environment (Janczak and
Riber, 2015). For example, birds reared in aviaries show reduced keel
bone fractures when also housed in aviaries at lay compared to cage
reared birds (Casey-Trott et al., 2017). If chicks destined for aviary
systems cannot be reared in aviaries, then they may instead be provided
with elevated surfaces within a single-tier house. These structures tend
to be table platforms and perches. There is evidence that early access to
perches from 4 weeks of age reduces floor eggs and cloacal cannibalism
and may have other welfare benefits (Appleby et al., 1986; Gunnarsson
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et al., 1999; EFSA, 2015). However, more research is needed to explore
the importance of timing and the exact type of experience needed with
elevated structures to minimise later welfare problems. The RSPCA
standards state that birds must have perches by 10 days of age, and
recommend perches are raised 25cm off the floor (RSPCA, 2016).
However, 10-day old chicks might not use perches at this recommended
height to their full potential, and earlier access to lower perches might
increase usage. Heikkila et al. (2006) observed the first chick using
perches at a height of 20 cm from the floor by 8 days of age, and all
chicks were using perches by 22 days of age, suggesting a desire to
perch from a young age. Facilitated access (using ramps or staged
perches) may be even more beneficial. Our own work has shown that
access to ramps during the rearing period improved ramp transitions in
older pullets, shown by reduced hesitancy behaviour and shorter
transitioning latencies (Norman et al., 2018). A preference for grid
ramps over ladder ramps was found suggesting the type of ramp should
also be considered (Pettersson et al., 2017).

The provision of elevated structures to young birds in commercial
systems has primarily been driven by the desire to facilitate more
movement, so that when pullets are moved to the laying system they
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are more mobile. This may in turn reduce welfare problems such as
later cloacal cannibalism (Gunnarsson et al., 1999), keel bone damage
(Wilkins et al., 2005; 2011) and feather pecking (Campbell et al., 2018;
Lambton et al., 2010; Nicol et al., 2013; Lambton et al., 2013). How-
ever, elevated structures can also be regarded as a form of environ-
mental enrichment which is likely to affect brain development and
cognition (Campbell et al., 2018). Exposure to an enriched environment
compared to a barren one from a young age can improve spatial
memory in mammals (Sneddon et al., 2000; Kobayashi et al., 2002). For
example, increased neurogenesis in the dentate gyrus of the hippo-
campus, a brain region important for memory, is observed when ro-
dents are housed in enriched conditions (Kempermann et al., 1997).
Similarly, chicks reared with ground-level visual barriers (opaque
screens) demonstrate improved spatial memory (Freire et al., 2004),
and have longer dendrites and more spines per dendrite in the hippo-
campus, which may lead to improved encoding of relative positional
information (Freire and Cheng, 2004).

Further work is needed to understand if the elevated structures now
commonly provided for chicks have any influence on their spatial
cognitive abilities. Gunnarsson et al. (2000) reared chicks with or
without perches to 8 weeks of age and tested them at 16 weeks of age in
a navigational task requiring birds to jump between raised platforms to
reach a food reward. Birds raised with or without perches were equally
likely to jump to a 40 cm platform, but birds raised with perches were
both more likely to jump to a single 80 cm platform (suggesting im-
proved physical competence) and more likely to jump from a 40 cm to
an 80 cm platform. This latter result implies improved navigational
ability, however, it cannot be excluded that this result was also due to
perch-reared birds possessing greater confidence in jumping at height
due to increased physical strength. For this reason, further work using
tasks that more clearly separate potential physical and cognitive com-
ponents of navigation would be useful. The age at which structures are
provided may also be highly relevant. A rise in perching behaviour at
9-10 days of age followed by a fall at 11 days of age coincides with a
shift in brain activity to the right hemisphere in the hippocampus
(Workman and Andrew, 1989). At this same age, chicks voluntarily
seek to move out of sight of the hen and then to regain contact, pro-
viding them with experience of visual occlusion. The provision of ar-
tificial visual barriers at 10-12 days of age improves chicks’ ability to
use external cues in detour tests and hidden food reward tests, but these
improvements in spatial cognition do not occur if visual barriers are
provided at 8 days of age and removed by 9 days (Freire and Rogers,
2007). This provides evidence of a sensitive period during which ex-
perience of visual occlusion is particularly beneficial in brain devel-
opment for spatial navigation. The importance of gaining perching
experience during this shift in brain activity has not been explored.

Cognitive tasks where differences in physical strength are unlikely
to play a major role include the hole board task, detour tasks and ro-
tated floor tasks. The hole board task requires a subject to use both
reference and working memory to locate food rewards hidden in var-
ious cups on the floor. Tahamtani et al. (2015) compared the perfor-
mance of birds reared in either cages or aviaries in a hole board task
and detected better working memory and reversal learning in aviary
reared birds tested at 16 weeks of age. In a study looking at associations
between cognition and feather pecking Nordquist et al. (2011) also used
the hole board task with 25 day old chicks. However, one problem with
this test is that it can take up to 12 days of habituation and 28 days for
the different training and test phases. Experience during long term
training may influence navigational development in the control chicks
and impact their ultimate test performance. The detour test requires a
subject to navigate out of a U-shaped pen to gain access to its compa-
nions. The rotated floor test (RFT) requires a subject to associate intra-
or extra-environmental cues with the location of its companions. All of
these have been used previously in studies with chickens. Other studies
have detected early experience effects on spatial cognition using detour
tests (Freire et al., 2004; Wichman et al., 2007) and RFT for chicks
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(Wichman et al., 2009), both with very little training required.

In this study we therefore used both the detour and RFT to look at
the effect of elevated structures on different aspects of navigation
during the first four weeks in the chick’s life. Both tests require minimal
training and assess birds in a two-dimensional environment where
differences in physical ability should play a minor role. We also ex-
amined the effect of elevated structures on performance in a three-di-
mensional jump test adapted from Gunnarsson et al. (2000). This test
confounds physical and cognitive ability but provides a good compar-
ison point with the previous work by Gunnarsson et al. (2000) on older
birds.

2. Methods
2.1. Animals and housing

Ninety-six British Black Tail (Gallus gallus) day-old female chicks
were used for testing. Four extra chicks were purchased to account for
any mortalities, and two of these were used to replace two chicks that
died in the first few days. The day after hatching chicks arrived at the
facility and were housed in four rooms with four pens per room
(1.5m x 1m) and 6 chicks per pen (two treatment pens had 7 chicks
per pen, these extra chicks were not tested). All pens had wood shavings
for litter and a heat lamp. Chicks were fed ad libitum chick crumb (in
small troughs and upgraded to feed hoppers by 2 weeks of age) and
provided with bell drinkers. The light schedule was 12h on 12h off
(07.30-19:30). Room temperature was slowly reduced from an average
of 32 °C as the chicks aged and the heat lamps were removed at 2 weeks
of age.

Eight treatment pens (two per room) had elevated structures (see
Fig. 1). These comprised 8 wooden perches (each length 60 cm, 2 cm
diameter) arranged in an A-frame (three perches at height 10 cm, two at
25cm, two at 40cm and one at 60 cm) and a plastic grid platform
(width:30 cm X length:30 cm) situated on one side of the A-frame,
partially covering the perches at height 25cm. A plastic grid ramp
(length:40 cm X width:30 cm at 40° from ground level) led from the
floor to the platform on the A-frame. The other 8 pens were controls
with no elevated structures. From day 1 chicks were encouraged to feed
and drink by tapping on feed bowls and dipping their beaks in water.
Between 5 and 9 days of age chicks were handled once per day and
bowls of feed were placed in the pen to encourage habituation to
human presence. From 10 to 27 days of age (excluding the 4 testing
days) all chicks were habituated to handling by feeding oats in a bowl

Fig. 1. Enrichment structure comprising 8 wooden perches, a plastic platform
and a ramp.
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and transferring them to cardboard boxes regularly. At 12 days of age
coloured leg rings were fitted to each chick to allow individual iden-
tification. Chicks were weighed each week to ensure even growth.

2.2. Use of elevated structures

Recordings of use of the elevated structures in the treatment pens
were taken each day from 1 to 26 days of age. Eight GoPro cameras
(Hero5) were set up in each treatment pen to take pictures of the
structures during the light period every 10 min over three hours each
day, giving 19 recording time points over the day. Recording times
were either in the morning or afternoon to avoid disturbance by the
feeding or habituation schedule of the day. The earliest recording
period was 09:00-12:00 and the latest was 16:30-19:30. All eight
cameras were set up to record at the same time across all treatment
pens. The numbers of chicks on the perches, platforms and ramps were
counted.

2.3. Navigational tests

Chicks were tested in three navigational tasks: the detour test, jump
test and rotated floor test (RFT). Forty-eight individually identifiable
chicks (3 per pen) were tested on all three tests at 14-15 days of age and
48 (the remaining 3 chicks per pen) were tested on all three tests at
28-29 days of age. The navigational tests were carried out by two re-
searchers over two days. The tests were systematically balanced for
order to account for differences in experience. The researchers worked
at the same time testing 12 chicks each from two of the rooms in one
day, swapping between all three navigational tests. Each navigational
test was video recorded using a GoPro camera. The ID and pen number
of each chick was read out loud before the start of the test to ensure
identification.

2.3.1. Detour test

The detour test (Wichman et al., 2007; Freire et al., 2004; Wichman
et al., 2009) (see Fig. 2) was conducted within a cardboard arena (L
60cm X W 60cm X H 43.5cm). Three familiar chicks (reared in the
same pen) were placed in the holding compartment at point A
(25cm X 25 cm) with a view into the arena. Some oats were sprinkled
on the floor and once all chicks were pecking at the oats the test chick

Orientation error
lines

V.4

/ Goal lines

B 20cm [

60cm | A
25cm

|

«—» e«
20cm  : 25cm
v
60cm

Fig. 2. The detour test: The apparatus was made from cardboard. Point A shows
the holding compartment and point B shows the detour compartment. The
dotted lines on the holding compartment and detour compartment indicate the
mesh viewing windows. Orientation error lines and goal lines are labelled.
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Fig. 3. The Jump test: The three solid sides and the platforms were made from
MDF. The front side was made from removable mesh. Point A1 shows where the
companion birds were placed within a small compartment on the lower plat-
form, and point A2 where they were placed on the upper platform. Point B
shows the start position of the test chick.

was moved to the detour compartment at point B (20 cm x 22 cm) and
placed on a central cross facing the companions through the mesh. The
detour compartment was rectangular, with two solid sides and a front
wire mesh side facing the holding compartment. The aim of the test was
to assess the chick’s ability to navigate out of the detour compartment
to reach its companion chicks. Orientation errors were recorded
whenever a chick’s head or whole body crossed the orientation error
lines then re-crossed without crossing the goal lines. The time taken for
the chick’s head to cross the goal lines was recorded. Each chick was
given a maximum time of 5min, at the end of testing or upon com-
pletion the test chick was returned to the holding compartment and the
next chick was placed in the detour compartment.

2.3.2. Jump test

The jump test adapted for chicks (Gunnarsson et al., 2000) (see
Fig. 3) was conducted within a wooden box with a mesh front (W
40cm X L 40 cm X H 60 cm). There were two trials, in the first trial,
chicks had to negotiate one level to regain contact with companions
placed within a small wire mesh holding compartment (22 cm X 22 cm)
on the lower platform (point Al). In the second trial they had to ne-
gotiate two levels to regain contact with companions placed within the
holding compartment on the upper platform (point A2). Once all chicks
were ground pecking at oats on the floor of the holding compartment
the test chick was removed and placed at point B on the floor. The
latency for each test chick to jump up to the platform was recorded. A
maximum of 5 min was given, if the chick did not jump it was returned
to the holding compartment.

2.3.3. Rotated floor test

The RFT (Wichman et al., 2009; Freire and Rogers, 2005; 2007) (see
Fig. 4) provided a training phase so that chicks could learn that their
companions were behind one of two screens. They were then tested to
see if they were relying on intra or extra-maze cues. A chick was re-
corded as using intra-maze cues if it used the screens as the cue to find
its companions and extra-maze cues if the chicks used overall position
as the cue. The apparatus was a rectangular area (L 175cm X W
61 cm), with two screens placed at 42 cm from each short side of the
arena. The floor was covered with cardboard that could be wiped down
or replaced to avoid any marks being left by previously tested chicks. A
holding compartment could be placed behind either of the screens. One
screen had a coloured pattern (red, blue, yellow and green), the other
screen was a plain grey colour and the position of the screens was



K.I. Norman, et al.
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Fig. 4. The rotated floor test: The arena was made from cardboard and the
holding compartments were made from mesh. Points A1 and A2 indicate pos-
sible positions of the companion holding compartment behind the screens.
Point B shows the position of the test chick within the observation compart-
ment. The marker lines are labelled showing the point a chick had to cross to
indicate its first choice.

swapped for each chick. A circular starting compartment (20 cm dia-
meter made of wire mesh) was placed in the centre of the arena at point
B. The initial training took on average 6 min and the first test took on
average two minutes. The chicks had a two-minute resting period be-
tween the training and testing, where all three chicks were transferred
to a holding box outside the RFT arena, so the arena could be cleaned
and set up for the next subject.

For the first training session all 3 chicks were initially placed in a
holding pen behind one of the screens at point Al or A2 (counter-
balanced), with colour and position cues balanced across treatments.
The test chick was then removed and placed in the central starting
compartment, facing forwards with the screens to the left and right.
After 5s the starting compartment was removed. The test chick was
given 1 min to explore the arena. A chick was considered to have learnt
the task when it went behind the screen where its companions were,
within 1 min, in two successive training trials (the training was stopped
at this point). The chick was given 30 s to remain with its companions
then replaced in the companion holding pen. If a chick did not go be-
hind the screen with the companion chicks the researcher gently
nudged the chick in the right direction using their hand. Each chick
could experience a maximum of 6 training trials within the first training
session. Any chick that had not reached the learning criterion after 6
trials, was classified as having not learnt the task and was not tested
further.

The test phase for chicks that met the learning criterion followed the
first training session. All chicks were removed from the arena, the
screens were swapped to the opposite sides from training and the
central starting compartment was replaced. The test chick was placed
into the central starting compartment but this time there were no
companion chicks. After 5s the starting compartment was removed,
and the chick could explore the arena. A maximum time of two minutes
was allowed for the test. Recordings were taken if the chick crossed the
marker lines, and the screen colour was noted down. If the chick chose
the screen that the companions had previously been behind (opposite
location) this was noted down as using intra-maze cues. If the chick
chose the location where companions had previously been found (op-
posite screen colour) it was noted to be using extra-maze cues. The test
was stopped when the chick went behind a screen. The chick was then
removed from the arena and the training and testing sessions were
repeated with the screens in the same positions as the first session, so
each chick received two training sessions and two tests on one day.

2.4. Statistical analysis

Before analysis each video was re-coded by an independent re-
searcher to ensure blinding of the videos. All data were analysed using
both MLwiN (3.0) and SPSS 24 (IMB). All data met the assumptions of
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the statistical tests used, no transformations were required. Data per-
taining to the use of the elevated structures were tested to look for a
correlation between structure use and age. The number of chicks that
did not complete the detour test or jump test was similar between the
treatments so chicks were removed from the analysis of latency to
complete the tests to obtain a normal distribution. General Linear
Models (GLMs) were used, with treatment and age as fixed factors, to
look for differences in the latency to complete the detour, jump test and
RFT. A binomial model (generalised linear model) was used to look at
direction chosen for the detour test with treatment and age as variables.
Binomial tests were used to compare the proportion of chicks choosing
intra or extra-maze cues in the RFT. Count data (orientation errors)
were analysed using a Poisson model. No interaction effects were found
for any of the data. Only main effects are presented, and all results are
presented in the format mean + SD.

2.5. Ethical approval

The University of Bristol’s Animal Welfare and Ethical review body
approved this study under UIN/18/012

3. Results
3.1. Structure use

Within the treatment pens, the use of the elevated structures in-
creased over time. A strong, positive correlation between age and total
structure use was found (r = 0.870, n = 24, p = 0.001), (Fig. 5). The
total mean (over 19 observations/day) number of chicks observed on
the structures over each day was calculated. There was a gradual in-
crease in structure use with a peak at 10 days of age (0.21 average
chicks/pen) followed by a fall at 11 days of age (0.11 average chicks/
pen). This was followed by the highest peak at 12 days of age (0.27
chicks/pen) and continual fluctuations to 26 days of age. Fig. 5 shows
that over the first three days the ramp was predominantly used by
chicks. Use of the platform increased up to 10 days of age and from 8
days of age there was a gradual increase in the use of the highest per-
ches (P3 and P4).

3.2. Detour test

Out of the total 96 chicks that were tested at 14-15 and 28-29 days
of age, 67 completed the detour test in under 5 min. Of the successful
chicks 33 were from an enriched environment and 34 were from a
control environment. The latency to complete the detour test was sig-
nificantly lower in the enriched chicks (58.42 + 52.52) compared to
the control chicks (89.91 * 73.73; z = —2.005, n = 67, p = 0.045)

—e—Average of Ramp
—4—Average of Platform
—+—Average of P1
Average of P2
—=Average of P3

~#-Average of P4

Usage/bird/pen

004

1 2 3 4 5

6 7 8 9 10 11 12 13 14 17 18 19 20 21 22 23 24 25 26

Age (days)

Fig. 5. The mean usage of strucutres/bird/pen observed over time.
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Latency (s)

T
Control

T
Enriched

Treatment

Fig. 6. Box plot showing the difference in latency between the control and
enriched group for the detour test.

Age
El1s
H2s

Percent

Direction

Fig. 7. Direction of choice for successful chicks, separated by age groups.

(Fig. 6). There was no effect of age on the latency to complete the test
(z = —1.091 n = 67 p = 0.275). Using a binomial model, there was a
significant effect of age on the direction in which chicks tended to leave
the start box (z = —1.113, n = 67, p = 0.013). At 14-15 days of age
37.5% went left out of the detour box when view from above, whereas
at 28-29 days of age 62.9% went left out of the detour box (Fig. 7).
There was no effect of treatment on direction to leave the start box.
There was a difference in the number of orientation errors between
the groups tested at different ages, with fewer orientation errors at
14-15 days (0.17 * 0.43) compared to 28-29 days (0.77 = 1.23;
z =3.928, n = 96, p = 0.001). There was no significant difference
between treatments (z = 1.33, n = 96, p = 0.183). There was a sig-
nificant difference in the number of orientation errors and the com-
pletion of the detour test within 5min (z= —4.384, n = 96,
p = 0.001), with the successful chicks showing fewer orientation errors
(0.27 = 0.60) compared to the unsuccessful chicks (0.93 * 1.41).

3.3. Jump test

There was a significant difference between ages for both trials of the
jump test, but no effect of rearing treatment. Trial 1 (jumping up to 1
platform) was completed by 31% of birds at 14-15 days and 69% at
28-29 days of age (z = 3.909, n = 96, p = 0.001). Trial 2 (jumping up
both platforms) was completed by 23.4% of birds at 14-15 days and
76.6% at 28-29 days of age (z = 5.412, n = 96, p = 0.001). There was
no overall difference in the latency to complete the jump test between
treatment or age.

Behavioural Processes 164 (2019) 167-174

3.4. Rotated floor test

When considering the number of chicks passing the training criteria
for the first training session of the rotated floor test, 72.9% were suc-
cessful at 14-15 days of age compared to 91% at 28-29 days of age. The
successful chicks showed good consistency with only 3.8% of the pre-
viously-successful chicks being unsuccessful in the second training
session. However, the number of training sessions was similar for the
successful chicks, with an average of 2.65 * 0.98 for training session
one and 2.21 * 0.62 for training session two. There was no effect of
rearing experience on the success of passing either training session.

Of the chicks that passed the training criteria and were tested at 15
days of age, a chi-squared test indicates there was a significant differ-
ence in the proportion of chicks that made no choice in the control
rearing group (35%) compared to the enriched rearing group (6.6%) in
the first RFT when required to cross the marker lines X3,
n = 35) = 3.902, p = 0.048). There was no difference between the ages
or treatments in the second test to cross the marker lines or when re-
quired to go behind the screen to make a choice. Chicks that did not
make a choice were removed from further analysis as this had no effect
on results.

For the first test phase, of the chicks that made a choice, chicks at
14-15 days of age took longer to cross the marker lines and choose a
screen (54.43 + 50.23) compared to 28-29 days (29.50 = 38.44;
z = —2.024, n = 66, p = 0.043). There was no effect of treatment. The
latency to go behind a screen was not affected by age or treatment.
65.2% of successful chicks used intra-maze cues when crossing the
marker lines. Similarly, 76.3% of successful chicks used intra-maze cues
when required to go and look behind a screen. These differences were
not attributed to age or treatment.

For the second test phase there was no difference in latency to cross
the marker line or go behind a screen between age or treatment. It was
found that 57.4% of the successful chicks were relying on extra-maze
cues when crossing the marker line, and 57.1% when going behind a
screen. There was no significant difference between the use of extra or
intra-maze cues for age or treatment.

Comparing the difference in use of intra-maze cues, of the chicks
that made a choice, between the first and second test showed a sig-
nificant difference in the use between the first (76.3%) and second test
(42.9%). Looking at treatment effects, 75% of the control chicks made
the same choice in test 1 and test 2, whilst only 50% of the treatment
chicks made the same choice (Fig. 8). However, this difference was not
significant (see Table 1 for summary of results).

[E]Extra-cues
|8 intra-cues

Percent

Test

Fig. 8. Graph showing the difference between test one and test two in the use of
internal or external cues.
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Table 1
A summary of the RFT results.

Behavioural Processes 164 (2019) 167-174

Test

Proportion of chicks Test Statistic

Test 1 Cross marker lines

Test 1 Behind screen

Test 2 Cross marker lines

Test 2 Behind screen

Comparing use of intra-maze cues for test 1 and test 2 to cross marker lines.
Comparing intra-maze cues for test 1 and test 2 behind screen.

Comparing choice by control chicks for test 1 and test 2

0.65 intra-cues 0.50, p = 0.019*
0.76 intra-cues 0.50, p = 0.001*
0.43 intra-cues 0.50, p = 0.275
0.43 intra-cues 0.50, p = 0.568
0.43 intra-cues 0.65, p = 0.005*
0.43 intra-cues 0.76, p = 0.038*
0.75 same choice 0.50, p = 0.077

4. Discussion

Using a battery of tests allowed more of an overview of the effects of
providing accessible elevated structures than has previously been ob-
tained. We found high use of simple structures from a young age, with a
greatly increasing ability and preference to use higher perches as birds
aged. We obtained different results from the three navigational tests.
Chicks reared in a complex three-dimensional environment were faster
at completing the detour test and more enriched chicks made a choice
at 15 days of age in the RFT but there was no difference between the
rearing groups in performance in the jump test.

The strong correlation between age and structure use corroborates
previous studies showing an increase in structure use over time. Kozak
et al. (2016) reared chicks in complex aviaries with low level platforms,
perches and ramps finding a peak in elevated structure use around two
weeks of age. Heikkila et al. (2006) observed all chicks in their study
using perches by 22 days of age but the first chicks were observed on
perches by 8 days of age. Our results show that access ramps and lower
level structures up to 10 cm were utilised in the first few days of age.
Providing lower and more varied elevated structures may encompass
the ability of all chicks and from a younger age, as seen in our study.
Simply by adding an elevated ramp leading up to 25 cm high perches
we may provide access to all chicks by 10 days of age.

The chicks reared with elevated structures had shorter latencies to
complete the detour test. This might suggest improved spatial cogni-
tion. However, there was no difference between treatments in the
number of orientation errors or the successful completion of the test
within 5 min. Given the difference in the latencies between the rearing
groups, it was unexpected that an equal number of chicks from each
group did not complete the detour test. One explanation for this is that
some of the chicks might have been satisfied with being able to see the
companion chicks through the mesh as the chicks would have had
auditory and visual contact, this may not have differed with the rearing
treatments. Faster completion of the detour test could be in indicator of
improved spatial cognition, but it could also be a measure of motivation
if chicks reared with elevated structures were more motivated to regain
contact with pen mates. Speed of decision making has shown to cor-
relate highly with other measures of motivation. Browne et al. (2010)
tested chickens in a T-maze to ascertain their preferences for environ-
ments. Chickens with strongest preferences for an environment also had
the shortest latencies to choose. Although only studied in adult laying
hens, synchronous perching may be one possible reason why chicks
reared with elevated structures may have had a stronger motivation to
regain access to their companions. Synchronous perching at night may
have strengthened affiliative bonds or reduced aggression (Eklund and
Jensen, 2011; Donaldson and O’Connell, 2012). However, if the treat-
ment chicks were highly motivated to regain access to their compa-
nions, we would expect to see significant differences in the latencies
reflected in all three tests. There was no difference in the latency to
reach companions in the RFT or the jump test, suggesting no difference
in motivation between the rearing groups.

More orientation errors were made by older chicks, although la-
tency and completion of the detour test within 5 min were not different
between the age groups. Impulsivity is found to reduce over 7-19 days

of age when chicks were trained to peck green or blue beads for a food
reward (Amita and Matsushima, 2011). In our study it may be the case
that younger chicks were more impulsive and made quick simple de-
cisions based on strong imprinting. Errors may increase as older birds
take account of more information, acquired with experience.

There was an interesting effect of age on direction taken when
leaving the starting box. Evidence has shown there is increased activity
in the right hemisphere of the brain at 10 and 11 days of age but by 15
days of age there is no specific hemispheric learning, suggesting both
hemispheres are used equally (Rogers, 2014). In this study at 14-15
days of age 62.5% of chicks went right out of the detour box when
facing their companions and viewed from above but when tested at
28-29 days of age 62.9% of the chicks went left out of the detour box.
Studies have shown that domestic chicks tend to have a left bias in their
environment. When tested on ordinality 5 day old chicks were more
successful at locating the correct order when tested from left to right
(Rugani et al., 2007). Similarly Regolin (2006) found 9 day old chicks
will peck more to the left, suggesting an asymmetry that may be found
in the bird brain. Vallortigara et al. (1999) tested chicks in a detour test
at 4 days old with either the left or right eye covered or with binocular
vision. They found that binocular chicks tended to detour to the left side
of the barrier suggesting they use the right eye (chicks will turn their
head to look forwards and walk in the direction their beak is facing),
therefore the left hemisphere of the brain. In our study at 14-15 days
more chicks appeared to be using the right hemisphere of the brain,
whereas at 28-29 days of age more chicks were using the left hemi-
sphere of the brain. This may indicate that changes in hemispheric
dominance may be sustained for longer than 15 days of age. There is no
research looking at the interactions between behaviour and brain la-
teralisation beyond 15 days of age so further work is needed to explore
this.

In the Jump test, older chicks (28-29 days) were more successful
than the younger birds (14-15 days) at accessing both levels of the test.
Unlike Gunnarsson et al. (2000) we found no rearing treatment effect,
although our control group had never had experience with raised
structures. However, our procedures differed. Gunnarsson et al. (2000)
compared birds reared with or without perches to 8 weeks of age and
conducted the jump test at 16 weeks. We tested birds at a much younger
age, so differences may have been minimised, with the control chicks
only experiencing four weeks without elevated structures. Gunnarsson
et al. (2000) also provided higher perches up to 120 cm, our maximum
height was 60 cm, again minimising differences between our groups.
The results of the jump test did demonstrate the challenge for 14-15-
day old chicks to access a platform 20 cm from the ground level as only
31% were successful at jumping to this first level regardless of the
rearing treatment. This is important to consider when rearing chicks
commercially and we have demonstrated in this study that chicks will
access raised structures if given the opportunity via lower level access
ramps or perches.

The rotated floor test did not reveal any difference between rearing
treatments in the success of meeting the training criterion. Despite
testing only chicks that had passed the training criterion, a significantly
smaller percentage of enriched chicks (6.6%) at 14-15 days of age
failed to make a choice by crossing the marker lines compared to the
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control chicks when cues were confounded.

For chicks that successfully completed the tests, there was no
treatment effect in use of intra or extra-maze cues during the two test
sessions. Previous studies have found that chicks with experience of
visual occlusion between days 10-12 tend to use distal or extra-maze
cues in the test phase of the RFT, whereas chicks without such ex-
perience tend to use intra-maze cues (Freire and Rogers, 2005, 2007;
Wichman et al., 2009). We expected that access to elevated structures
might provide incidental experience of visual occlusion and therefore
that our treatment chicks would show a greater tendency to use extra-
maze cues than our controls, but this was not the case. In the first RFT,
the majority of our successful chicks from both rearing groups (76.3%)
used intra-maze cues. It is possible that the elevated structures did not
in fact provide chicks with sufficient experience of visual occlusion to
have influenced their initial cue preference. One point to mention is
that the previous studies that use the RFT rotate the entire arena. In
contrast in our study only the screens were swapped. Therefore, in our
case the markings on the wall of the arena would provide extra-maze
cues, whereas in previous studies these would provide intra-maze cues.
There are therefore stronger extra-maze cues in our study compared to
the cited studies (Freire and Rogers, 2005, 2007; Wichman et al., 2009).
Our finding that the chicks used mainly intra-maze cues with this ap-
proach suggests even more strongly that they were not using extra-maze
cues.

In the second RFT we found that many chicks reversed their cue
preference, with 57.1% using extra-maze cues, and a larger shift in
preference observed in the treatment chicks (p = 0.07). All chicks may
have shifted their cue use preference because tests (companions absent)
were non-rewarded. Chicks will therefore have experienced their initial
test response as incorrect, possibly leading to a devaluation of the re-
liance initially placed on intra-maze cues and a shift in cue-use even
after an intervening re-training schedule. Under short intervals of re-
tention, specifically concerning objects and location, information is
retained in both hemispheres of the brain (Regolin et al., 2005), pos-
sibly accounting for the shift in the cue use preference we observed in
the second test. Wichman et al. (2009) and Freire and Rogers (2007)
also interspersed training sessions with repeated non-rewarded tests,
but they did not explore whether chicks shifted cue use across the re-
peated tests, so we cannot compare our results. The increased tendency
of treatment chicks to shift cue use may be because their experience of
elevated structures provided them with a greater capacity to attend to
cues of both types. Further exploration of the cue preferences and re-
versal learning capacities of chicks reared with and without elevated
structures would be useful.

5. Conclusion

In other studies, we (Norman et al., 2018) and others (Gunnarsson
et al., 2000) have found that early experience of structures such as
ramps improves the use of the structures compared to birds that have
had no experience, illustrating the importance of early life experiences.
However, in these previous studies chicks were reared for a longer time
(up to 8 weeks or more) under different rearing conditions. In contrast,
the work presented here found that rearing with elevated structures up
to 28-29 days of age had only subtle effects. There was a shorter latency
in the detour test which might indicate improved spatial cognition or
altered social motivation, although differences in the rearing groups’
motivation was not reflected through all three tests. We found a ten-
dency for treatment chicks to show a greater shift towards the use of
extra-maze cues in repeated RFT. However, the battery of tests used did
not reveal any substantial general effects on physical ability, social
motivation or spatial cognition. It appears that age and development
over time may have a stronger influence on spatial navigation and
physical ability than short-term early experience of elevated structures.
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