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ABSTRACT Aviaries provide hens with many re-
sources, but birds must develop motor and cognitive
skills to use them properly. Introducing birds to aviaries
at older ages has been reported to result in less use of
perches, nests, and vertical space, which can reduce pro-
ductivity and hen welfare. The objectives of this study
were to examine (1) how enrichment influenced distri-
bution of hens in the aviary during the day and (2) how
enrichment influenced the distribution and roosting
substrate of birds at night. Hy-Line W36 pullets were
raised in floor pens before moving to laying aviaries
(100 hens/aviary unit × 4 units/treatments). Control
(CON) pullets were placed into aviaries at 17 wk of
age (WOA). Floor (FLR) and enriched (ENR) pullets
remained in floor pens until 25 WOA, and ENR birds
were provided with perches and nests at 17 WOA. Birds
were counted in tiers and litter areas of the aviary at
morning, midday and evening at 36 and 54 WOA. Data

were analyzed using generalized linear mixed models
in R statistical software. At 36 WOA, ENR and CON
birds occupied aviary areas at similar rates but differ-
ently from FLR birds. For example, in the morning 34%
of CON hens and 30% of ENR hens occupied the highest
tier compared to 15% of FLR hens (P < 0.01). At mid-
day, 57% of CON and 57% of ENR birds were counted
in litter compared with 77% of FLR birds (P < 0.01).
In the evening, CON and ENR hens moved to the top
tier of the aviary in greater numbers than FLR hens
(22 and 17%, respectively, vs. 7%, P < 0.01). At 54
WOA, differences between FLR hens and CON/ENR
hens were less pronounced, suggesting FLR hens were
adapting to the aviary. Overall, we conclude that birds
exposed to aviaries at 25 WOA can adapt to aviary sys-
tems, but take more time to do so than birds exposed
to aviaries or vertical enrichment at 17 WOA.
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INTRODUCTION

In response to consumer demands, the North
American egg industry is replacing traditional cages for
laying hens with non-cage styles of housing, including
aviary systems. Aviaries come in many configurations
and offer features such as open litter areas, multiple
vertical tiers, perches, and nests. In addition to offer-
ing more floor space per bird than traditional caged
housing, the added features of an aviary are meant
to facilitate natural, strongly motivated behaviors in
hens including dust bathing (Vestergaard, 1982), roost-
ing (Brendler and Schrader, 2016), perching (Appleby
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and Duncan, 1989; Newberry et al., 2001), and laying
eggs in a nest (Cooper and Appleby, 1995). Facilitating
performance of these behaviors is intended to increase
hens’ welfare while in production (Lay et al., 2011).
Aviaries offer food, water, perches, and nests among lev-
els at various heights from the ground; therefore, birds
require cognitive and motor spatial skills to navigate
through the system (Gunnarsson et al., 2000; Colson
et al., 2008). Birds that do not possess these skills may
lay more eggs outside of the nest (Gunnarsson et al.,
1999), have worse bone strength (Ruth et al., 2000),
may move less through the system (Colson et al., 2008),
or may suffer injuries when they transition among tiers
(Stratmann et al., 2015).

Hens develop spatial skills through practice at a
young age (Gunnarsson et al., 2000), and the con-
figuration and enrichment of pullets’ rearing environ-
ment plays a role in development of hens’ behav-
ior as adults (Tahamtani et al., 2015; Hunniford and
Widowski, 2016). For example, pullets given access
to perches from 0 to 8 WOA were able to jump to
higher perches compared to pullets who did not have
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2 MACLACHLAN ET AL.

access to perches until after 8 WOA (Gunnarsson et al.,
2000). In addition to improving spatial navigation skills,
raising hens in enriched environments can also reduce
feather pecking (Nørgaard-Nielsen et al., 1993) and fear
(Reed et. al., 1993). Hens’ ability to adapt to an aviary
is thus influenced by rearing environment, and it is rec-
ommended that birds be reared in the same environ-
ment they are destined for in lay (Colson et al., 2008;
Janczak and Riber, 2015). If using a rearing aviary
for pullets destined for laying aviaries is not possi-
ble, then enriching floor pens with vertical arrays of
perches has been recommended as an alternative to help
the young birds’ spatial development (Colson et al.,
2008).

Rearing environments of pullets are therefore impor-
tant to subsequent adult laying hen behavior, and en-
suring that hens are able to access resources in the
aviary leads to improved welfare and production. How-
ever, previous research examining adaptation of hens to
aviaries has focused on (1) impacts resulting from ma-
nipulating environments at young ages or (2) only look-
ing at hen responses in the time shortly after introduc-
ing hens to laying aviaries. For example, Gunnarsson
et al. (2000) found a strong influence of enrichment be-
tween 0 and 8 wk of age (WOA) on birds’ spatial abil-
ity at 16 WOA. Colson et al. (2008) reared pullets in
enriched floor pens or rearing aviaries and then stud-
ied hens 10 wk after their transfer to laying aviaries;
however, they did not report changes over time within
that period. Additionally, it is important to observe the
behavior of hens further into lay as the incidence of
keel bone damage increases with age (Stratmann et al.,
2015; Casey-Trott et al., 2017). This could possibly be
a result of the onset of osteoporosis at 42 wk of age in
laying hens (Sandilands, 2011) or because the keel bone
may take up to 40 wk to become fully ossified (Riber
et al., 2018).

To the best of our knowledge, no one has looked
at developmental plasticity in adult hens, and whether
hens are able to gain the spatial skills needed to adapt
to aviaries at older ages or amount of time it takes
them to do so. Therefore, the purpose of this study was
to evaluate the effects of later enrichment on the de-
velopment of subsequent behavior of the adult laying
hens in an aviary system. Our first objective was to
observe daytime flock-level distribution of laying hens
in aviaries that had remained in floor pens for 25 wk
(rather than the more typical 17 wk) and to determine
whether enrichment of floor pens with perches and nests
mitigated the negative effects of delayed movement into
the aviary. A second objective was to conduct a similar
examination of hens’ nighttime distribution and sub-
strate use in aviaries, again focusing on the effect of
moving birds into aviaries at 25 WOA and whether pro-
vision of enrichment mitigated negative effects of mov-
ing at older ages. We hypothesized that control birds
and hens receiving enrichment in floor pens would show
similar patterns of distribution throughout the aviary,
using upper substrates in patterns similar to previous

reports. We also predicted that birds remaining in floor
pens without enrichment until 25 WOA would occupy
the floor to a greater extent than upper tiers of the
aviary.

MATERIALS AND METHODS

Ethics

All research protocols were approved by Michigan
State University Institutional Animal Care and Use
Committee prior to the start of data collection (AUF#
05/16-071-00).

Pullet Housing and Experimental Design

Hy-Line W36 chicks were raised in 6 floor pens
(27.87 m2/pen, 300 chicks/pen) at the Michigan State
University (MSU) Poultry Teaching and Research Cen-
ter (East Lansing, Michigan). The chicks were brooded
on plastic platforms (1.2 m × 4.9 m × 0.46 m), and
at 3 WOA ramps were placed to allow birds to access
a floor covered with wood shavings. Birds had ad li-
bitum access to food and water throughout the rear-
ing period via 7 feed pans and 22 pin-metered nipple
drinkers in each pen. For more detailed information on
the management of pullets, please refer to Karcher et al.
(2019).

At 17 WOA, pullets in the control group (CON)
were moved into Natura60 aviaries (Big Dutchman,
Holland, MI) in the MSU Laying Hen Facility (LHF).
CON pullets were initially placed into 4 units within
a single room (144 birds/unit). Pullets in the en-
riched treatment (ENR) remained in their rearing pens
from 17 to 25 WOA but were provided with wooden
perches of varying heights (8.36 cm/per bird) and nests
(56.8 cm/hen). Pullets in the floor treatment group
(FLR) remained in unaltered rearing pens from 17 to
25 WOA. At 25 WOA, ENR and FLR pullets were
moved into aviary units in the LHF. At this time, hens
of all treatments, including CON birds, were distributed
among 4 rooms so that each room housed 1 unit of
each treatment (for a total 4 units/treatment). Across
the rooms, each treatment occupied different locations
within the row of units (i.e., closest to door, furthest
from door, etc.) to avoid any confounding effect be-
tween unit location and treatment effects. Due to eu-
thanasia for tissue sampling as part of another project,
natural mortality and incidental bird movement be-
tween pens, at the start of the current study the number
of birds in each pen ranged from 89 to 102.

Layer Housing and Data Collection

Each aviary unit contained 3 vertical tiers and an
open litter area (Figure 1). Metal perches (244 cm
long, 3.1 cm diameter) were arranged within each of the
aviary tiers. The top tier contained a colony nest (122 ×
52 cm), which closed 2 h before lights off and re-opened
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LATER RESOURCE ACCESS AFFECTS HENS’ SPACE USE 3

Figure 1. Cross-section of the aviary used in the study, showing the litter aisle and human aisle, vertical tiers, wire floor, edges, ledges, colony
nest, and litter area. The length of each unit was 244 cm. The widths of the wire floors in each tier were as follows: bottom tier = 150 cm, middle
tier = 127 cm, and top tier = 43 cm. The nest was 52 cm wide. Adapted from Ali et al. (2016).

when lights came on the next morning. Each aviary unit
also included solid metal ledges (244 × 33 cm) to help
hens transition among tiers (Figure 1). Hens were en-
closed in the tiered portion of the aviary for 24 h after
placement but thereafter had continuous access to the
litter with 1,629.7 cm2 of space per bird. For a more
detailed description of the housing system and man-
agement protocols, please refer to Ali et al. (2016).

Direct observations of hens’ distribution at the flock
level were conducted over 3 consecutive days at 36 and
54 WOA. Observations captured hens’ distribution in-
side the tiers of the aviary and on the litter during the
day (lights on) and night (lights off). Morning obser-
vations were conducted from 08:00 to 10:00, midday
observations from 12:00 to 14:00, and evening observa-
tions from 18:00 to 20:00. Dark observations were con-
ducted 30 min after light out (21:00–23:00), and again
2 h before lights on (04:00–06:00). Three trained ob-
servers, working in pairs, collected data simultaneously,
and inter-observer agreement was found to be very good
(Kappa = 0.96, p < 0.001; CI = 0.90, 0.99). The or-
der in which data were collected from units and rooms
was stratified across the 3 days of observation for each
time of day (morning, midday, evening, and dark) at
each age (36 and 54 WOA). Counts of birds were si-
multaneously made from both sides of the enclosure
(i.e., human and litter aisles, with 1 observer on either
side). At each time of day, 2 rounds of observations
were made for each pen with the second round made
about 1 h after the first once all units had been ob-
served. Each observer counted the number of birds per
substrate (perch, ledge, wire mesh floor) in each tier of
the aviary. The observer in the litter aisle also counted
the number of hens on the litter and in the nest. At

night, the observer in the human aisle used a ladder to
gain enough height to look down over the nest into the
top tier to count the birds occupying the top tier from
above.

To avoid disturbing the hens, observers entered the
room quietly and moved slowly to minimize noise and
motion. The observer counting hens from the litter aisle
stood outside the unit being observed (either at the
end of the row, or in the litter area of an adjacent unit
that had already been observed). At night, observers
used green headlamps to see the birds rather than turn-
ing on system lights. Green headlamps have been used
successfully in previous studies, with birds showing no
movement in response to the green light (Campbell
et al., 2016). Observations during the day were never
conducted when the feed belt was running. Anecdo-
tally, no large-scale movements of hens between lev-
els or substrates were noted when observers used these
precautions.

Statistical Analysis

The number of birds counted in each area/substrate
at each observation was converted to a percentage based
on the total number of birds in that unit. This con-
version was necessary because the number of hens in
each unit was not uniform. Statistical analysis was
conducted using R software (3.2.2), package “lme4”
(R Core Team, 2013) and a significance level was set at
α = 0.05. Visual examination of density and QQ plots
indicated that data (which were counts) approximated
a normal distribution.

For daytime data, hen percentages were compared
among treatments and time of day within ages and tier
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4 MACLACHLAN ET AL.

of the aviary. To describe the influence of enrichment
on hens’ distribution and any interactions, a general-
ized linear mixed model (GLMM) was developed and
assigned to the family “poisson” (to accommodate
count rather than continuous data) using the “lme4”
package in R. Time (morning, midday, evening), treat-
ment (CON, ENR, FLR), and age (36 and 54 WOA)
within each tier of the aviary were considered main ef-
fects and were analyzed for all interactions, while day
and unit were included as random effects. The data were
further analyzed using Tukey’s honestly significant dif-
ference test (HSD) for multiple pairwise comparisons
using the “multcomp” package in R.

For nighttime data, a GLMM was used to compare
treatments within different substrates of the highest tier
(wire mesh floor, perch, ledge, edge) and to compare
distribution of hens by treatment within tiers of the
aviary (litter, bottom, middle, and top). Time was re-
moved from the model, after using an ANOVA to deter-
mine that hens’ distribution was not different between
the two observations conducted at night.

RESULTS

Distribution of Hens during the Light Period

During the light period, the percentage of hens on
the litter, bottom, middle, and top tier was affected
by interactions between time and treatment (litter:
Z = 9.786, P < 0.001; bottom tier: Z = –24.566, P
< 0.001; middle tier: Z = –31.078, P < 0.001; and top
tier: Z = –31.931, P < 0.001). During the morning at 36
WOA (Figure 2a), the CON and ENR birds distributed
among the tiers of the aviary similarly, with more hens
in the middle tier (P < 0.001) and the top tier (P <
0.001) compared to FLR birds. Conversely, more FLR
birds were observed in the litter (P < 0.001) and in
bottom tier (P < 0.001) compared to CON and ENR
hens. During the midday at 36 WOA (Figure 2b), for
all treatments most birds were counted in the litter,
with a greater percentage of FLR birds observed there
compared to CON and ENR (P < 0.001). No treatment
differences were seen in bottom- or top-tier occupancy;
however, more CON and ENR birds were found in the
middle tier relative to FLR birds in midday at 36 WOA
(P < 0.001). At 36 WOA in the evening (Figure 2c), the
majority of birds were again counted on the litter for
all treatments, with more FLR birds on the litter than
ENR birds (P < 0.001). More CON and ENR birds
were counted in the middle (P < 0.001) and top tiers
(P < 0.001, P = 0.002) than FLR birds; however, more
ENR and FLR birds than CON birds were counted on
the bottom tier (P = 0.002, P < 0.001, respectively).

In the morning at 54 WOA (Figure 2d), more CON
and ENR birds were counted in middle and top tiers
compared to FLR birds (P < 0.001). More FLR birds
were again observed in the bottom tier as well; how-
ever, there was no longer a treatment difference related
to percentage of birds on the litter. In the midday at

54 WOA (Figure 2e), most birds were still counted on
the litter; however, the differences between treatments
were no longer present. In the evening at 54 WOA
(Figure 2f), treatment differences were still evident in
the middle and top tiers, with more CON and ENR
birds in these areas than FLR birds (P = 0.019, P =
0.001, respectively). However, compared to 36 WOA
there were greater percentages of FLR birds now in
higher tiers. Also in the evening at 54 WOA, more
CON birds were counted in the bottom tier than in
the evening at 36 WOA (P = 0.008).

At 36 WOA, CON and ENR hens laid fewer eggs on
litter than FLR hens (19.35 and 26.43%, respectively
vs. 51.06%; P < 0.01). At 54 WOA, the difference in
floor laying between FLR and CON/ENR hens was less
pronounced (CON: 6.91%, ENR: 8.75%, FLR: 23.39;
P < 0.01).

Overall, CON and ENR hens distributed themselves
similarly throughout the aviary and differently from
FLR hens. At 54 WOA, these patterns did not funda-
mentally change, but the magnitude of difference be-
tween FLR and the other 2 treatments became less
pronounced. The distribution of CON birds generally
did not change between 36 and 54 WOA, suggesting
that these birds, which had moved into the aviary at
17 WOA, had adapted by 36 WOA. However, in the
period between 36 and 54 WOA, the ENR and FLR
birds’ distribution continued to become more similar to
that of CON birds.

Distribution of Hens in the Dark Period

At 36 WOA in the dark period (Figure 3a), more
CON and ENR birds were observed in the top tier (P <
0.001), while more FLR birds were counted in the bot-
tom tier (P < 0.001). While large percentages of birds
from all treatments were observed in the middle tier, a
higher percentage of FLR birds occupied this tier com-
pared to CON and ENR birds (P = 0.010, P = 0.022,
respectively). When looking at hens’ occupancy of spe-
cific substrates within the aviary at night (Figure 3b),
differences were observed among the 3 treatments. The
CON hens occupied the ledges in the largest percent-
ages (P < 0.001), more ENR birds occupied perches
than hens in the other 2 treatments (P < 0.001), and
more FLR birds were counted on the wire mesh floors
(P < 0.001). At 54 WOA, the birds’ nighttime pat-
tern of distribution through the tiers of the aviary
(Figure 3c) was largely similar to those seen at 36 WOA;
however, more FLR birds were counted in the top tier at
54 WOA compared to 36 WOA (P = 0.035). Similarly,
between 36 and 54 WOA, the percentage of birds of each
treatment group roosting on the various types of sub-
strate did not change (Figure 3d), but differences were
not as dramatic as those seen at 36 WOA. Thus, over
time ENR birds’ nighttime pattern of distribution be-
came more similar to that of the CON birds. However,
CON birds were still observed in higher percentages on
ledges at night while ENR hens were found in higher
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LATER RESOURCE ACCESS AFFECTS HENS’ SPACE USE 5

Figure 2. Percentage of hens in each treatment counted in different areas of the aviary (litter, bottom, middle and top including the nest, with
number of birds in the nest shown in parentheses above the bar in the graph) in the day time during 36 wk of age (WOA) in (a) the morning, (b)
midday, and (c) evening and during 54 WOA in (d) the morning, (e) midday and (f) evening. All parameters are expressed as average percentage
of hens ± SEM. Different superscripts indicate differences among treatments in a location (P < 0.05).

percentages on highest perch. While FLR birds contin-
ued to occupy the wire mesh floor in the largest per-
centages, higher percentages of FLR birds were counted
on perches and ledges at 54 WOA compared to 36 WOA
(P = 0.041, P = 0.033, respectively).

DISCUSSION

Our first objective was to observe daytime flock-
level distribution of laying hens in aviaries that had re-
mained in floor pens until 25 WOA (beyond the typical
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6 MACLACHLAN ET AL.

Figure 3. Percentage of hens counted in each tier of the aviary (bottom, middle, and top) during the dark period at (a) 36 wk of age (WOA) and
(c) 54 WOA and percentages of hens counted roosting on different substrates (perch, wire mesh, ledge, edge) at (b) 36 WOA and (d) 54 WOA.
All parameters are expressed as average percentage of hens ± SEM. Different superscripts indicate differences among treatments in a location
(P < 0.05).

17-wk rearing period) to determine whether enrichment
of floor pens with perches and nests mitigated the ef-
fects of delaying their introduction to laying aviaries.
A second objective focused on hens’ nighttime distri-
bution and use of various roosting sites in response
to moving to aviaries at 25 WOA, with and without
prior exposure to perches and nests enrichment in pul-
let floor pens, on hens’ distribution use of various types
of roosting sites. We hypothesized that CON and ENR
hens would have similar distributions and would oc-
cupy higher tiers, perches, and ledges of the aviary to
a greater extent compared to FLR hens. We also pre-
dicted that FLR birds would utilize the litter and bot-
tom tier in the largest numbers.

Distribution of Hens during the Light Period

In the morning and evening at 36 WOA CON and
ENR hens were spread through the system while FLR

hens were almost exclusively on the litter during these
times. Birds have developmentally sensitive periods and
are better able to learn certain skills if exposed to them
at particular times (Blackmoore and Cooper, 1970;
Bateson, 1979; Gunnarsson et al., 2000). Previous stud-
ies have demonstrated the importance of the early rear-
ing environment on subsequent behavior of adult hens.
For example, birds reared with perches from day 1 of
age were able to obtain a food reward by jumping to
perches at various heights while birds given access to
perches at 8 WOA were not able to perform this task
as well (Gunnarsson et al., 2000). Birds reared in more
complex environments also used higher tiers more than
those reared in barren environments and make more
accurate flights and jumps between as they navigate
(Colson et al., 2008). However, to date no one has
looked further into the lay cycle to understand how
long it may take hens to fully adapt to aviaries if not
provided with perches or rearing aviaries as pullets. In
our study, CON and ENR birds may have been more
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LATER RESOURCE ACCESS AFFECTS HENS’ SPACE USE 7

comfortable navigating the tiers of the aviary because
they were introduced to the aviary or vertical arrays of
perches and nests at 17 WOA. However, the FLR birds
were not introduced to any vertical structures until they
were 25 WOA which could hinder the birds’ physical
ability to navigate the aviary, the birds’ mental percep-
tions of the aviary, or possibly both. A large change
in environment, such as moving from floor pens to an
aviary, can cause fear in laying hens (Jones, 1982), and
enrichment has been shown to reduce in fear of birds
if they are exposed at hatch (Jones, 1982; Reed et al.,
1993). Thus, it is possible that any exposure to aviaries
or perches before 25 WOA reduced fear in CON and
ENR birds, and this may have led them to explore and
use all levels of the aviary to a greater extent. Based
on our findings, laying hens appear have a sensitive pe-
riod to novel objects and/or environments that lasts
until after 17 WOA; the FLR birds demonstrate that
some behavioral plasticity persists even after 36 WOA.
Their patterns of distribution in the aviary changed
from 25 to 54 WOA, but the change was slow and
incomplete.

In addition to these overall trends, we also saw
more subtle patterns in distribution of birds among
treatments and ages. In the morning at 36 WOA, we
recorded twice as many CON and ENR birds in nests
compared to FLR birds, but at 54 WOA we saw more
FLR birds in the nest. These patterns are also reflected
in the number of mislaid eggs from each treatment as
CON and ENR laid fewer eggs outside the nest com-
pared to FLR birds at 36 WOA, but this disparity de-
creased by 54 WOA. In the evening at 36 WOA, fewer
ENR birds occupied the litter area and more were ob-
served in the bottom and middle tiers. This suggests
that ENR birds started to move into the aviary for the
night earlier than hens in the other treatments, as ear-
lier in the day ENR birds were present on the litters in
the same numbers as CON hens.

Previously, the distribution of aviary-reared hens
was found to be different than that of cage-reared
hens (Branstaeter et al., 2016), with aviary-reared hens
spending more time on perches and the platform and
flying more when startled at 19 WOA compared to
cage-reared birds. However by 23 WOA, these differ-
ences were no longer present (Branstaeter et al., 2016).
Wichman et al. (2007) found that chicks reared with
perches had better spatial ability than those reared
without, but this difference was only detectable when
the perching task was difficult and the environment was
novel. Practice helped the birds to overcome the differ-
ences in their rearing environments (Wichman et al.,
2007). These findings were also demonstrated by the
decrease in treatment differences between birds in the
present study at 36 and 54 WOA. While we found sim-
ilar results to previously conducted studies, this study
reared birds in the same way, i.e., in floor pens with
no enrichment until 17 WOA. Therefore, any of the dif-
ferences we see between treatments developed after the
birds were 17 WOA. This suggests that the birds in this

study were able to learn and adapt to new environments
even at older ages.

Distribution of Hens during the Dark Period

At night during 36 and 54 WOA, CON and ENR
birds were found in larger percentages on the higher
aviary tiers (middle and top) while FLR birds were
most numerous in the bottom tier. Interestingly, hens
from the 3 treatments also differed in substrates upon
which they roosted overnight. More ENR hens were
found on perches and edges, suggesting a preference
for grasping while resting. Pullets and hens are highly
motivated to perch (Newberry et al., 2001; Olsson and
Keeling, 2002; Heikkila et al., 2006), and perching be-
havior in adulthood is influenced by the availability of
perches during rearing (Faure and Jones 1982; Appleby
et al., 1983). Perhaps the ENR birds in our study pre-
ferred to roost on perches and edges (on both of which
hens use the same grasping foot position) more than
FLR birds because they were exposed to vertical perch
arrays at 17 wk in their floor pens while FLR birds were
not.

The CON hens occupied all the substrates found in
the aviary and were found on the ledges in larger per-
centages than birds of other treatments during both pe-
riods of lay. Their pattern of distribution among tiers
and roosting substrates seem to suggest they prefer
overall height to a specific substrate. White strains
of birds have previously been found to prefer height
over graspable perches to roost on at night (Muller and
Schrader 2009), and CON birds in our study seem to
be exhibiting this preference by resting on ledges which
have height, but are not graspable like perches. In con-
trast, ENR birds were found in larger percentages than
CON and FLR on perches. This could be due to a
combination of natural instinct and being exposed to
perch arrays before being moved into the aviary. Thus,
the ENR birds may have had a stronger preference for
perching than the CON birds because they were ex-
posed to them in their floor pens, before being moved
to a novel environment. In comparison, the CON birds’
first experience with both perches and vertical space
was in a new and novel environment, the aviary, at a
relatively old age (17 WOA). Because FLR birds were
not exposed to perches before 25 WOA, they did not
have the opportunity to learn to use perches until later
than the other 2 groups. Late access to perches during
rearing results in less perching behavior of adult hens,
and adult hens with no access to perches during rearing
do not perch as adults (Fauer and Jones, 1982; Appleby
et al., 1983; Appleby, 2007) possibly due to the lack of
cognitive skills allowing them to recognize the perch as
a structure that can be used (Gunnarsson et al., 2000).
FLR hens were also observed mainly in the bottom and
middle tiers at 36 WOA, suggesting that they did not
have either the spatial skills or the desire to occupy the
top tier to the extent the CON and ENR birds did.
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Limitations

One main limitation of this study was that we were
not able to observe the birds prior to 36 WOA, as
they were part of another study. Thus, while treat-
ment differences were still apparent between FLR hens
and those in CON and ENR, studying hens before this
point would provide an understanding of the initial
magnitude of differences among treatments and initial
changes occurring when hens were first introduced to
aviaries, perches and nests. Additionally, while we ob-
served behavior in response to provision of nests and
perches, we cannot draw conclusion about underlying
mechanisms. Future studies could examine correspond-
ing changes in hens’ physiology and neurobiology, ex-
amine specific bird behaviors such as aggression and
feather pecking, or take measures of bone strength and
keel bone damage.

CONCLUSIONS

Enriching floor pens with perches and nest boxes af-
fected adult hens’ spatial distribution when they were
subsequently placed in an aviary system. Birds who
moved into the aviary at 25 WOA but received enrich-
ment (ENR) were not found to behave differently than
CON birds who moved into aviaries at 17 WOA. Birds
who were moved into the aviary at 25 WOA but did not
receive enrichment in floor pens (FLR) did not occupy
upper tiers of the aviary to the same degree as birds in
the other treatments and took at least 20 wk to adapt to
the system. These findings suggest that providing birds
with enrichment such as perches and nests in their floor
pens can be beneficial for their transition to an aviary
system, even if provided at older ages. Producers can
use these findings to improve rearing in floor pens or
in situations where placement of hens into aviaries is
delayed.

ACKNOWLEDGMENTS

We would like to acknowledge Silvia Villanueva for
assistance with data collection for this project, and
Angelo Napolitano and the staff at the Michigan State
University Poultry Teaching and Research Center for
their help with animal care. We would also like to
thank Dr. Janice Swanson and Dr. Paul Thompson for
serving as internal reviewers for this manuscript. This
study was funded by grant AA17-30 from the Michi-
gan Alliance for Animal Agriculture (East Lansing,
MI). Support was provided to J. M. Siegford as an
AgBioResearch-supported faculty member of Michigan
State University by the National Institute of Food and
Agriculture, U.S. Department of Agriculture, Hatch
projects #1002990 and #1010765. The funders had no
role in study design, data collection and analysis, deci-
sion to publish, or preparation of the manuscript.

REFERENCES

Ali, A. B. A., D. L. M. Campbell, D. M. Karcher, and J. M. Sieg-
ford. 2016. Influence of genetic strain and access to litter on spa-
tial distribution of 4 strains of laying hens in an aviary system.
J Poult. Sci. 11:2489–2502.

Appleby, M. C., H. E. McRae, and I. J. H. Duncan. 1983. Nesting
and floor-laying by domestic hens: effects of individual variation
in perching behaviour. Behav. Anal. Lett. 3:345–352.

Appleby, M. C., and I. J. H. Duncan. 1989. Development of perching
in hens. Biol. Behav. 14:157–168.

Appleby, M. C. 2007. Factors affecting floor laying by domestic hens:
A review. Worlds Poult. Sci. J. 40:241–249.

Bateson, P., 1979. How do sensitive periods arise and what are they
for? Anim. Behav. 27:470–486.

Blackmore, C., and G. F. Cooper. 1970. Development of the brain
depends on the visual environment. Nat. 228:477–478.

Brantsaeter, M., J. Nordgreen, B. T. Rodenburg, F. M. Tahamtani,
A. Popova, and A. M. Janczak. 2016. Exposure to increased en-
vironmental complexity during rearing reduces fearfulness and
increases use of Three-Dimensional space in laying hens (Gallus
gallus domesticus). Front. Vet. Sci. 3:1–10.

Brendler, C., and L. Schrader. 2016. Perch use by laying hens in
aviary systems. Appl. Anim. Behav. Sci. 182:9–14.

Campbell, D. L. M., M. M. Makagon, J. C. Swanson, and J. M.
Siegford. 2016. Laying hen movement in a commercial aviary:
Enclosure to floor and back again. J. Poult. Sci. 95:176–187.

Casey-Trott, T. M., M. T. Guerin, V. Sandilands, S. Torrey, and
T. M. Widowski. 2017. Rearing system affects prevalence of keel-
bone damage in laying hens: a longitudinal study of four consec-
utive flocks. J. Poult. Sci. 96:2029–2039.

Colson, S., C. Arnould, and V. Michel. 2008. Influence of rearing
conditions of pullets on space use and performance of hens placed
in aviaries at the beginning of the laying period. Appl. Anim.
Behav. Sci. 111:286–300

Cooper, J. J., and M. C. Appleby. 1995. Nesting behaviour of hens:
effects of experience on motivation. Appl. Anim. Behav. Sci.
42:283–295.

Faure, J. M., and R. B. Jones. 1982. Effects of age, access and time of
day on perching behaviour in domestic fowl. Appl. Anim. Ethol.
8:357–364.

Gunnarsson, S., L. J. Keeling, and J. Svedberg. 1999. Effects of rear-
ing factors on the prevalence of floor eggs, cloacal cannibalism and
feather pecking in commercial flocks of loose housed laying hens.
Br. Poult. Sci. 40:12–18.

Gunnarsson, S., J. Yngvesson, L. Keeling, and B. Forkman 2000.
Rearing without early access to perches impairs the spatial skills
of laying hens. Appl. Anim. Behav. Sci. 67:217–228.

Heikkila, M., A. Wichman, S. Gunnarsson, and A. Valros. 2006. De-
velopment of perching behaviour in chicks reared in enriched en-
vironment. Appl. Amin. Behav. Sci. 99:145–156.

Hunniford, M. E., and T. M. Widowski. 2016. Rearing environment
and laying location affect pre-laying behavior in enriched cages.
Appl. Anim. Behav. Sci. 181:205–213.

Janczak, A., and A. Riber. 2015. Review of rearing-related fac-
tors affecting the welfare of laying hens. J. Poult. Sci. 94:1454–
1469.

Jones, R. B. 1982. Effects of earl environemntal enrichment upon
Open-Field behavior and timidity in the domestic chick. Dev.
Psychobiol. 15:105–111.

Karcher, D. M., D. R. Jones, C. I. Robison, K. N. Eberle, R. K. Gast,
and K. E. Anderson. 2019. Production and well-being resulting
from delayed movement of pullets to the hen facility. J. Appl.
Poult. Res. 28:278–289.

Lay, D. C., R. M. Fulton, P. Y. Hester, D. M. Karcher, J. B. Kjaer,
J. A. Mench, B. A. Mullens, R. C. Newberry, C. J. Nicols, N.
P. O’Sullivan, and R. E. Porter. 2011. Hen welfare in different
housing systems. J. Poult. Sci. 90:278–294.

Newberry, R. C., I. Estevez, and L. J. Keeling. 2001. Group size and
perching behaviour in young domestic fowl. Appl. Anim. Behav.
Sci. 73:117–129.

Nørgaard-Nielsen, G., K. Vestergaard, and H. B. Simonsen. 1993.
Effects of rearing experience and stimulus enrichment on feather
damage in laying hens. Appl. Anim. Behav. Sci. 38:345–352.

D
ow

nloaded from
 https://academ

ic.oup.com
/ps/advance-article-abstract/doi/10.3382/ps/pez524/5567631 by guest on 14 N

ovem
ber 2019



LATER RESOURCE ACCESS AFFECTS HENS’ SPACE USE 9

Olsson, I. A. S., and L. J. Keeling. 2002. The push-door for measuring
motivation in hens: laying hens are motivated to perch at night.
Anim. Welf. 11:11–19.

Rath, N. C., G. R. Huff, W. E. Huff, and J. M. Balog. 2000. Fac-
tors regulating bone maturity and strength in poultry. Poult. Sci.
79:1024–1032.

Reed, H. J., L. J. Wilkins, S. D. Austin, and N. G. Gregory. 1993.
The effect of environmental enrichment during rearing on fear
reactions and depopulation trauma in adult caged hens. Appl.
Anim. Behav. Sci. 36:39–46.

Riber, A. B., T. M. Casey-Trott, and M. S. Herskin. 2018. The in-
fluence of keel bone damage on welfare of laying hens. Front. Vet.
Sci. 5:1–12.

Sandilands, V. 2011. The laying hen and bone fractures. Vet. Rec.
169:411–412.

Schrader, L., and B. Muller. 2009. Night-time roosting in the domes-
tic fowl: the height matters. Appl. Anim. Behav. Sci. 121:179–183.

Stratmann, A., E. Fröhlich, S. Gebhardt-Henrich, A. Harlander-
Matauschek, H. Würbel, and M. J. Toscano. 2015. Modification
of aviary design reduces incidence of falls, collisions and keel bone
damage in laying hens. Appl. Anim. Behav. Sci. 165:112–123.

Tahamtani, F., J. Nordgreen, R. Nordquist, and A. Janczak. 2015.
Early life in a barren environment adversely affects spatial cog-
nition in laying hens (Gallus gallus domesticus). Front. Vet. Sci.
2:1–12.

Vestergaard, K. 1982. Dust-bathing in the domestic fowl- diurnal
rhythm and dust deprivation. Appl. Anim. Ethol. 8:487–495.

Wichman, A., M. Heikkila, A. Varlos, B. Forkman, and L. J. Keeling.
2007. Perching behavior in chickens and its relation to spatial
ability. Appl. Anim. Behav. Sci. 105:165–179.

D
ow

nloaded from
 https://academ

ic.oup.com
/ps/advance-article-abstract/doi/10.3382/ps/pez524/5567631 by guest on 14 N

ovem
ber 2019


	1

