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Preference for artificial range enrichment design features in free-range commercial 
laying hens
H. Larsena and J-L. Rault b

aFaculty of Veterinary and Agricultural Sciences, The University of Melbourne, Parkville, Australia; bInstitute of Animal Welfare Science, University 
of Veterinary Medicine, Vienna, Austria

ABSTRACT
1. This study examined what elements of artificial enrichment structures attract hens in the outdoor 
range, and what behaviours hens perform around these structures. Three principles of cover design 
(height, orientation and visual density) were tested for laying hen preference in the outdoor range of 
a commercial egg farm using a 2 × 3 × 3 factorial design. The factors were height: 0.5 m or 1.5 m; 
orientation: vertical, horizontal or horizontal cover with one vertical side; and visual density: 0% 
(control), 50% or 90% UV blocking cloth.
2. A significant three-way interaction between all factors was found (P < 0.001). The most preferred 
visual density of these structures was the 90%, followed by 50% UV blocking cloth. Horizontal 
structures with one vertical side, of either height, were highly preferred. Short horizontal structures 
were preferred to tall ones, and tall vertical structures were slightly preferred over short ones.
3. The most common behaviours observed around the structures were interaction with the structure 
(pecks, scratches and vigilance directed at the structure; 32.7%), foraging (32.2%), locomotion (9.9%), 
and air foraging (pecks and snapping in the air; 9.0%). A three-way interaction between the design 
principles influenced the proportion of hens performing each of these behaviours (P < 0.001). Hens 
foraged more around structures with no shade cloth and interacted more with structures that had 
dense shade cloth.
4. These results highlighted the complexity of designing attractive outdoor environments for laying 
hens. By testing the combination of elements that hens prefer it is possible to understand how to 
design attractive outdoor ranges that attract hens and promote a diverse range of behaviours on 
commercial farms.
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Introduction

The primary feature of free-range egg housing systems is the 
provision of an outdoor range, i.e., a space provided to laying 
hens with access to resources such as fresh air, sunlight, and 
natural forage. Evidence suggests that the outdoor range is 
accessed by most hens in commercial free-range flocks on 
a regular basis (Gebhardt-Henrich et al. 2014; Larsen et al. 
2017b). However, the actual number of hens on the range at 
any one time is quite low (<50%; Hegelund et al. 2005, 2006; 
Gilani et al. 2014; Chielo et al. 2016; Rodriguez-Aurrekoetxea 
and Estevez 2016). Additionally, laying hens will primarily 
access the range area closest to the shed (Zeltner and Hirt 
2003; Hegelund et al. 2006; Chielo et al. 2016). Increased 
stocking densities close to the shed can cause welfare and 
management problems, such as loss of ground cover, 
increased soil parasite burden (Heckendorn et al. 2009), 
and higher incidences of footpad dermatitis and plumage 
damage (Rodriguez-Aurrekoetxea and Estevez 2016). Thus, 
it is important to understand the features of the range that 
may help promote optimal use and encourage more uniform 
distribution over the range.

The outdoor range in commercial free-range housing 
systems often consists of large open areas (gravel, bare 
earth or pasture) and little overhead cover, which may not 
be desirable or attractive for laying hens. The habitat of the 
Red Jungle Fowl (Gallus gallus) and Green Jungle Fowl 
(Gallus varius), the ancestors of the domestic laying hen 

(Collias and Collias 1967; Fumihito et al. 1994; Sawai et al. 
2010), consist of areas of dense vegetation (Johnson 1963; 
McBride et al. 1969) with open clearings dispersed through-
out (Collias and Collias 1967; Collias and Saichuae 1967; 
Collias and Collias 1996). Outdoor ranges in commercial 
laying farms vary considerably, making it difficult to describe 
or compare typical outdoor range characteristics. Larsen 
et al. (2017a) described four very distinct environments at 
the same distance from the shed, including large gum trees, 
wattle tree grove, bare earth and saplings in one outdoor 
range. Alternatively, Chielo et al. (2016) described distinct 
environments at increasing distance from the shed, including 
bare earth 0–10 m from the shed, an enriched belt 10–50 m 
from the shed with saplings and short and tall grass ground 
cover and just grass ground cover at distances greater than 
50 m from the shed. Commercial farms may vary in whether 
they have artificial or natural cover, any cover at all, and how 
much cover is actually present (Gilani et al. 2014). The type 
of range cover that should be provided to laying hens in 
many countries, like Australia, is not specified in the legisla-
tion, and can differ between accreditation labels.

Providing shelter as a form of enrichment in the out-
door range in commercial farms can improve both the 
number of hens on the range and their distribution over 
the range. Cover, shelter and their extent have been 
demonstrated to increase the total number of laying hens 
on the range; from 9 to 11% using dome-shaped artificial 
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cover (Hegelund et al. 2005); and from 24 to 48% using 
natural shelter belts (Nagle and Glatz 2012). Different types 
of enrichment and cover can alter and improve hen dis-
tribution. When using a combination of resources, includ-
ing covered tunnels, pecking pans and wind chimes, more 
hens were seen 2–10 m from the shed than when no 
resources were provided (Pettersson et al. 2017). Panels of 
heavy shade cloth were more effective at attracting hens 
than chicken wire panels (Rault et al. 2013); and more were 
attracted to areas further from the shed when some form of 
cover was present on the range (Hegelund et al. 2005; 
Nagle and Glatz 2012).

However, not all enrichments are equal, as roofed sand 
boxes were not effective at attracting more hens to the range, 
but did improve hen distribution (Zeltner and Hirt 2003). 
Sheltered corridors or a greater surface area of cover (1 vs. 
5% of the range) were not effective at attracting hens to the 
range, but diversity of structures was effective (Zeltner and 
Hirt 2008). Chicken wire panels were less effective at attract-
ing hens than panels of heavy shade cloth (Rault et al. 2013). 
Natural enrichment (i.e., trees, shrubs, and shelterbelts) has 
disadvantages for flock management as they require time to 
grow and manage (Jones et al. 2007), and may attract wild-
life, thus increasing disease risk.

Little is known about what elements of cover or enrich-
ment items are attractive to laying hens, what increases 
their willingness to enter the range and what might allow 
for a wider behavioural repertoire. Access to an outdoor 
area may promote the expression of a wider range of 
behaviours, which appears to reinforce consumer views 
of free-range products as ‘welfare-friendly’ (Bennett et al. 
2016). A study reported differences in the behavioural 
time budget, but not in the type of behaviour, shown on 
the range as compared to inside the shed (Thuy Diep et al. 
2018), but little cover opportunities were present on the 
range. In a previous study investigating the behavioural 
repertoire of laying hens in different natural range of 
environments, Larsen et al. (2017a) found that, in envir-
onments with low dense canopy cover, hens performed 
more resting and preening behaviour compared to hens in 
areas of bare earth. The specific design, placement and 
number of artificial structures required to improve range 
use and, consequently, range management, remains 
unclear. Furthermore, variations in climatic conditions 
can also impact on laying hens’ ranging behaviour 
(Hegelund et al. 2005; Gilani et al. 2014; Chielo et al. 
2016).

This study examined the principles underlying the attrac-
tiveness of these structures to laying hens and the behaviours 
that these principles promote. The principles investigated 
were orientation (vertical panels, horizontal panels, or 
a combination of both), cover density (using varying density 
shade cloth) and height of structures. It was hypothesised 
that hens would prefer structures that were most reflective of 
the dense natural habitat of the Jungle Fowl, i.e., with the 
greatest cover density, overhead and adjacent cover, and 
closer to hen height.

Materials and methods

All methods used in this study were approved by the 
University of Melbourne Animal Ethics Committee (AEC 
project identification code: 1413296.2). Part of the methods 

and results have been presented in a conference communica-
tion (Larsen et al. 2015).

Animals and husbandry

One flock of 18,000 Hy-Line Brown laying hens from 
a commercial free-range layer farm was studied from 24 to 
26 weeks of age in the state of Victoria, Australia. Observations 
took place during summer (December and January), during 
which the mean (± SEM) maximum and minimum outdoor 
temperatures were 28.2 (± 0.05) and 10.1 (± 0.04)°C, respec-
tively, and mean wind speed was 8.3 (± 0.10) km/h, recorded 
from a weather station 27 km from the farm (Australian 
Bureau of Meteorology 2015). Mean (± SEM) maximum and 
minimum indoor temperatures were 25.7 (± 0.03) and 18.9 (± 
0.03)°C, respectively, recorded on site.

Hens were fed a standard layer diet ad libitum and were 
given access to the outdoor range during daylight hours from 
1100 to 2000 h from 20 weeks of age. The indoor shed was 
13 m wide and 139 m long, with feeder and drinker lines 
either side of a central row of two-sided nest boxes. The 
outdoor range consisted of four distinct areas, the veranda, 
close range, rotational paddocks and far range (Figure 1).

Hens exited the indoor shed into the veranda area (2.4 m 
wide × 130 m long) via 22 pop holes (2 m wide × 0.45 m 
high) spaced evenly along both sides of the shed. The ver-
anda area consisted of opaque overhead cover, concrete 
floors with straw and manure-based litter, and mesh fencing 
on the open range side with a 0.45 m high gap for hens to 
move through and enter the ‘close range’ area. This area 
extended the entire length of shed on both sides, was 9 m 
wide and consisted of rock and gravel patches on bare earth 
with no permanent overhead cover, except when shade was 
provided from the shed in early morning or late afternoon. 
Beyond the ‘close range’ were six rotational paddocks (three 
on either side of the shed) approximately 41 m wide × 
37 m long, of which only two (one on either side) were 
open at any time. Finally, the ‘far range’ extended beyond 
the rotational paddocks and close range (at the far end) was 
greater than 50 m away from the house, and the only direct 
access to the far range was via the close range at the far end of 
the shed. In two of the rotational paddocks there were large 
Eucalyptus trees (> 20 m from the shed) providing shade, but 
primarily the rotational paddocks consisted of bare earth, 
rocks and gravel, small grasses and patches of Juncaceae 
plants. A short fence line through the middle of four pad-
docks supported plantings of Eucalyptus saplings. The rest of 
the range consisted of primarily bare earth or small grassy 
patches with patches of shrubs starting approximately 30 m 
from the shed.

The artificial structures were placed in the close range 
prior to hens having their first access to the range and hens 
had an opportunity to access the range for four consecutive 
weeks in the presence of the structures prior to the start of 
observations. The structures were positioned approximately 
4 m from the veranda area and spaced approximately 12.5 m 
apart, with the first structure placed 6 m from the fence line 
and the last 6 m from the end of the shed (Figure 1). In 
addition to the structures, three hay bales were placed on 
either side of the shed by farm management as per standard 
practice. These bales were placed evenly in-between two 
structures or at the end of the shed to minimise the effect 
of the hay bales on structure use (Figure 1).
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Structure design

Three principles of cover design (height, orientation, and 
cover density) were tested for laying hen preference using 
a 2 × 3 × 3 factorial design. The factors were height: 0.5 m or 
1.5 m; orientation: vertical, horizontal, or horizontal cover 
with one vertical side (henceforth termed ‘combined’); and 
cover density: 0% (control), 50%, or 90% UV blocking cloth 
(Figure 2). These combinations resulted in 18 different struc-
tures, with nine replicates of each height and six replicates of 
each cover density and orientation including controls. 
Structure position was stratified to ensure that not all repre-
sentatives of a principle were represented on a single side of 
the shed, all other positioning was chosen randomly to control 
for effects of shed orientation and positioning. All ‘vertical’ 
structures were oriented so that the two vertical panels ran 
perpendicular to the shed, and all ‘combined’ structures were 
oriented with the vertical panel running parallel with the shed. 
All structures had a 2.4 × 2.4 m base and were made of hard-
wood, pine and dark green shade sail cloth. Shade cloth was 
stretched tight over the structure frame to minimise move-
ment in the wind and was re-tightened as necessary after hens 
loosened the cloth from pecking or perching on top of it. The 
shade cloth, due to its material, reduced the intensity of the 
sunlight, but this was not measured.

Data collection

A camera (GoPro Hero 3, San Mateo, California, USA) was 
positioned overlooking each of the structures, and, after 

having the opportunity to access the range for 4 weeks, the 
hens were studied for a total of 10 days. No extreme weather 
conditions were experienced during this period (e.g., tem-
peratures exceeding 32°C, thunderstorms). Using instanta-
neous point sampling (Martin and Bateson 1993) from the 
video records, one observer recorded the number of hens 
under and around a 1 m perimeter of each structure every 
15 minutes from 1115 to 2000 h daily. As the number of hens 
under and around each structure varied and their distribu-
tion obstructed the view of some hens, when the exact 
number could not be counted, it was estimated to the nearest 
five hens for counts of 30 or under and to the nearest 10 hens 
for counts over 30.

Using a behavioural ethogram (Table 1), one observer 
recorded the behaviour of five focal hens (or all hens if 
there were five or less hens present), at each time point for 
five of the 10 observation days. Due to some camera fail-
ures part-way through the day, these were not necessarily 
consecutive days. Focal hens were selected using a grid 
pattern so that the hens selected would represent the 
groups using the structure and the majority of the struc-
ture area (i.e., not just the hens closest to the camera or to 
one side of the structure area). Depending on the particu-
lar field of view and their spatial distribution, hens were 
selected using one of two patterns; 1) one hen from each 
of the four corners of the area and one hen from the 
middle, or 2) hens spaced evenly across one side, along 
the length of the structure. The observer recorded the 
number of hens standing or perching on the structure 
separately from the behaviour of the five focal hens.

Figure 1. Diagram of the shed and range design with positioning of artificial structures in the close range area. Diagram not to scale.
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Statistical analyses

Over the ten-day observation period, 4,482 observations 
were made, totalling a count of 90,042 occurrences of hens 
seen using the structures. The count data were not normally 
distributed and, because transformations of count data can 
result in poorly fitted models (O’hara and Kotze 2010), 
a Generalised Linear Model with a Poisson distribution was 
used for analysis with SPSS statistical software (v22, IBM 
Corp, Armonk, NY, USA). The experimental unit was the 
structure at a single time of the day (i.e., observation) given 
that hens could only be at one location at a time and fixed 
factors included the fixed effects of orientation, cover den-
sity, height and all their interactions to the third level, 
accounting for day and time of day as random effects. The 
effect of temperature was not analysed given that this was not 
recorded for the different types of structures.

A total of 10,187 observations of hen behaviour were 
recorded over five days. Counts of each observed behaviour 
were analysed separately with the structure at a single time 
of day being the experimental unit. None of the counts of 
behaviours were normally distributed and they were there-
fore analysed using a Generalised Linear Model using 

a Binomial distribution with a log link, with the dependent 
variable set as a number of events (behaviour) occurring in 
a set of trials (number of focal hens), and the fixed effects 
of day and time.

Results

Counts

The number of hens observed under or around each struc-
ture differed significantly with a three-way interaction 
between the factors of orientation, cover density, and height 
(Wald’s χ2(4) = 1341.0, P < 0.001). Based on the attribution 
of variation, count was primarily influenced by cover density 
(Wald’s χ2(2) = 29 673.6, P < 0.001), with more hens using 
cover with the 90% UV block material, then 50% UV block, 
than the control with no cover (Figure 3).

The secondary influencing factor for count was orienta-
tion (Wald’s χ2(2) = 2823.5, P < 0.001) with more hens using 
the combined structures and horizontal structures than ver-
tical structures. Height influenced bird count (Wald’s 
χ2(1) = 1283.3, P < 0.001), but its interaction with orienta-
tion prevailed (Figure 3; Wald’s χ2(2) = 4129.6, P<0.001), 

Figure 2. Structure designs illustrating the three principles tested: orientation, cover density, and height.
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whereby the use of combined structures did not vary between 
height, but more hens used taller (1.5 m) vertical structures 
than shorter ones (0.5 m), and more hens used shorter 
horizontal structures than taller ones.

Based on bird counts, most structures were significantly 
different from each other (P < 0.001; Figure 3). The most 
attractive structure was the 90% UV block cover horizontal 
structure at 0.5 m tall (50.85 ± 0.46 mean count), followed by 

both 90% UV block cover combined structures at 1.5 m tall 
(47.92 ± 0.43 mean count) and 0.5 m tall (43.17 ± 0.37 mean 
count). The least attractive structure was the 50% UV block 
cover horizontal structure at 1.5 m tall (0.90 ± 0.06 mean 
count) followed by the control (no shade cloth), horizontal 
and combined structures at 1.5 m tall (1.41 ± 0.06 and 
1.94 ± 0.08 mean count, respectively). However, vertical 
structures with no shade cloth (control) did not show any 
differences in bird counts between heights (P = 0.50), com-
bined structures of 50% UV block cover did not show differ-
ences between heights (P = 1.0) and vertical structures with 
50% UV block cover at 1.5 m tall did not show any differ-
ences in bird count from horizontal structures with 90% UV 
block cover at 1.5 m tall (P = 1.0).

Behaviour

The four most common behaviours observed across all struc-
tures were the interaction with the structure (pecks, scratches 
and vigilance; 32.7%), foraging (32.2%), locomotion (9.9%), 
and air foraging (9.0%). The proportion of hens performing 
each of these behaviours differed significantly, with a three- 
way interaction between the factors of orientation, cover 
density, and height (Figure 4; P < 0.001).

The proportion of observed hens interacting with the struc-
ture was influenced primarily, as indicated by the attribution 
of variance and cover density (Wald’s χ2(2) = 236.9, P < 0.001) 
with more hens interacting with structures that contained 
cover (cover density 50% and 90% UV block) than the control 
with a wooden frame and no cover (0% UV block).

Orientation was the next most important factor (Wald’s 
χ2(2) = 127.1, P < 0.001) with less interaction with horizontal 
structures overall compared to the vertical and combined 
structures. Finally, height had the least influence (Wald’s 
χ2(1) = 48.9; P < 0.001), where the interaction between 
height and orientation was more important whereby hens 
interacted less with horizontal structures at 1.5 m tall than 
with horizontal structures at 0.5 m tall. The highest propor-
tion of hens interacting with structures was observed for the 
50% UV block cover vertical structure at 1.5 m tall 
(0.44 ± 0.11), but this was not significantly greater than 

Figure 3. Mean count (± SEM) of hens under and around (within a 1 m perimeter) of each of the 18 structures. ‘De’ in the first level of the x-axis denotes cover 
density where De0 = no shade cloth, De50 = green shade cloth with 50% UV block, and De90 = green shade cloth with 90% UV block. Orientation is represented in 
the second level of the x-axis where V = vertical structures, H = horizontal structures, and C = combined structures. The third level of the x-axis represents the 
structure height, 0.5 m or 1.5 m. Structures with the same symbol (ǂ●∆) do not significantly differ in mean count from each other, all other structures differ 
significantly (P < 0.05).

Table 1. Behavioural ethogram used for observing behaviours of focal hens 
around artificial structures.

Behaviour Description

Foraging Pecks directed at the ground or lower substrate, scratching 
at ground or walking with head below midline.

Air foraging Pecks and snapping motions directed in the air at or above 
midline.

Structure 
interaction

Pecks or scratches directed at structure shade cloth or frame. 
Vigilance directed at structure, with hens oriented 
towards the structure.

Preening Grooming of plumage with beak.
Social 

interaction
An interaction event, aggressive or gentle, between 

conspecifics that does not result in displacement of 
conspecific.

Displacement 
interaction

An interaction event, aggressive or gentle, between 
conspecifics that involves the displacement of one hen 
from the defined observation area.

Perching on 
structure

Perching in stationary position or walking over/on top of 
structure.

Vigilance 
behaviour

Sitting with hocks on ground, or standing, with neck 
outstretched, head upright and eyes open. Could be still 
or moving head around in alert manner.

Standing Standing in a neutral position, with neck not outstretched or 
in close to body in resting state. Could be looking around 
or stationary.

Resting Sitting or standing in a resting state, neck slightly tucked in 
and head not outstretched, eyes open or closed.

Lying Head flat on ground or tucked under wing, wings close to 
body.

Dust bathing Lying with head rubbing on ground, or pecking at substrate, 
scratching at ground, wings open and feathers ruffled, 
kicking substrate up over body during ‘bout’.

Sun bathing Lying on hocks or side with wing/s outstretched, not pecking 
at ground or preening feathers.

Locomotion Moving at normal or fast speed (including wings flapping) to 
or from location/conspecific.

Panting Standing or sitting with wings held away from body, mouth 
open, and obvious heaving movements of head and body.

Comfort 
behaviour

Head shake, wing stretch, wing flap, crop adjustment.
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most structures that contained cover (Figure 4). The lowest 
proportion of hens performing structure interactions was 
observed at the 90% UV block cover horizontal structure at 
1.5 m tall (0.01 ± 0.00), but was not significantly different to 
any structure that did not contain cover or the 1.5 m tall 
horizontal structure with 50% UV block cover.

The proportion of hens foraging around each structure 
was most influenced by cover density, as indicated by the 
attribution of variance (Wald’s χ2(2) = 611.34, P < 0.001) 
with more hens foraging around structures with 0% UV 
blocking cover than structures with 50% UV blocking cover 
and 90% UV blocking cover. Orientation was the next most 
important factor (Wald’s χ2(2) = 116.56, P < 0.001), followed 

by height (Wald’s χ2(1) = 6.72, P = 0.01), however, the 
interaction of the three factors prevailed. The lowest propor-
tion of hens foraging were at around 90% UV block cover 
vertical structure at 1.5 m (0.09 ± 0.01) and the 90% UV 
block cover combined structure at 1.5 m tall (0.14 ± 0.01; 
Figure 4). Foraging was highest around structures with no 
cover (0.45 ± 0.04 to 0.63 ± 0.05; Figure 4).

For locomotion, the interaction between cover density, 
orientation and height were most important, with only cover 
density (Wald’s χ2(2) = 12.06, P = 0.002) and orientation 
(Wald’s χ2(2) = 13.09, P = 0.001) influencing this behaviour 
individually. The mean proportion of hens observed perform-
ing this behaviour ranged from 0.05 ± 0.01 to 0.15 ± 0.03.

Figure 4. Proportion of observed hens performing structure interaction (A) and foraging (B) behaviours. ‘De’ in the first level of the x-axis denotes cover density 
where De0 = no shade cloth, De50 = green shade cloth with 50% UV block, and De90 = green shade cloth with 90% UV block. Orientation is represented in 
the second level of the x-axis where V = vertical structures, H = horizontal structures, and C = combined structures. The third level of the x-axis represents the 
structure height, 0.5 m or 1.5 m. Structures with different letters (a-g) differ significantly (P < 0.05).
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Air foraging behaviour was primarily influenced by cover 
density (Wald’s χ2(2) = 127.69, P < 0.001) whereby this 
behaviour occurred more in the 90% UV block cover struc-
tures than the 50% UV block cover structures, and very little 
shown for the 0% UV block cover structures. Orientation 
(Wald’s χ2(2) = 23.82, P < 0.001) and height (Wald’s 
χ2(2) = 18.92, P < 0.001) influenced this behaviour, however, 
a three-way interaction prevailed, where this behaviour was 
performed most around taller structures for each orientation 
with 90% UV block cover.

The next most observed behaviour was resting (5.9%), but 
this and all other observed behaviours (total 10.3%) 
accounted for a mean proportion of hens performing each 
behaviour of less than 1% at each structure and are therefore 
not described further (data not shown). A total of 2,396 
observations of hens perching on structures were recorded, 
but only on structures 0.5 m tall.

Discussion

Laying hens demonstrated clear preferences for specific arti-
ficial structures in the outdoor range. In order of importance, 
cover density, orientation, and height influenced the number 
of hens using the structure or located within a 1 m perimeter 
of the structure. Furthermore, hen behaviour changed 
according to structure type.

Although many studies have investigated the influence of 
range structures or enrichment on the use or distribution of 
laying hens in the range, this appears to be the first study that 
investigated how different principles influenced hen prefer-
ence and use of structures, using a controlled factorial design 
in a commercial setting. These principles can be used to 
design various structures according to the materials or 
design available.

Laying hens were most attracted to structures that pro-
vided a large surface area of dense canopy cover that was 
physically closer to them. These included short structures 
with dense (90% UV block) horizontal overhead cover, and 
both tall and short structures that provided a combination of 
dense horizontal and vertical cover. Tall structures with 
dense vertical cover were highly preferred, but not to the 
same extent as the previous structures. None of the struc-
tures that had less than 90% UV blocking cover attracted 
more than an average of 20 hens at any one point throughout 
the day, meaning that 90% UV block is effective at attracting 
more than three times the number of laying hens compared 
to lower density cover. Hence, cover density was the most 
important principle among those that were tested in attract-
ing laying hens.

The dense shade cloth used in this study might have been 
most successful at mimicking the dense natural environment 
of the Jungle Fowl when combined with optimal structure 
orientation and height, allowing hens to feel more secure. 
Predation of meat chickens from aerial predators in ranges 
that had enrichment in the form of sorghum plants or olive 
trees was virtually eliminated when compared to predation in 
ranges without shelter (Dal Bosco et al. 2014). In the same 
study, chickens spent more time outdoors when they had 
shelter (sorghum or olive trees) than without. Thus, is it 
reasonable to suggest that chickens can perceive a lower risk 
of predation in the presence of sufficient cover. Hens are more 
likely to use areas with discontinuous visual cover (i.e., 
Venetian blind type cover) than areas with no visual cover 

or a complete visual barrier (Newberry and Shackleton 1997). 
This is supported by the current results, suggesting that cover 
of 90% UV block provided an optimal visual barrier that was 
attractive to laying hens and perceived as sufficient cover for 
protection. This might be perceived by the hens as providing 
similar cover to a dense tropical forest environment where 
Jungle Fowl are found (Collias and Collias 1967; Collias and 
Saichuae 1967; McBride et al. 1969; Collias and Collias 1996).

It may have been that the climate conditions at the time of 
the study led to this distinct preference for the 90% UV 
blocking shade cloth. Although the trial data did not include 
the UV index during the time of the study, typical UV levels 
in Victoria throughout December and January are extreme, 
with a UV index 11–12, compared to the annual average UV 
index of 6–7 (Australian Bureau of Meteorology 2015). The 
higher density shade cloth structures could be providing 
more protection from UV light as well as a potential for 
greater reductions of temperature in the shade. Gilani et al. 
(2014) found, during a survey of free-range laying farms in 
the UK, that hens were more likely to use the range during 
cooler weather, but would range further in warmer weather, 
potentially seeking cover and shelter that was distributed 
further from the shed. The current trial did not show any 
influence of temperature on the use of structures. However, 
this may have been due to the small variation of temperature 
observed during the study period. The preference for 90% 
UV blocking shade cloth may have been less pronounced or 
not present if studied in another season. Providing structures 
that are suitable for all seasons would be essential for main-
taining optimal range use as laying hens typically have access 
to the outdoor range for at least a whole year.

Structures that provided both horizontal and vertical cover 
were most effective at attracting hens as they were less subject 
to the influence of height. Only vertical structures that were 
tall or horizontal structures that were short were able to attract 
substantial numbers of hens. Again, this is likely due to per-
ceived cover, relating to a sense of security or protection. 
Particularly in the case of the taller horizontal structures, 
these provided shade but were still ineffective at attracting 
hens. In fact, the tall horizontal structure with the lower 
density shade cloth was effectively no different to the struc-
tures with no shade cloth at all. In contrast, Larsen et al. 
(2017a) found that free-range laying hens were highly 
attracted to an area of the outdoor range incorporating 
a large Eucalyptus tree with a 30 m high canopy cover, 
a substantially taller canopy height than investigated in the 
current study. The Eucalyptus tree in the previous study might 
be more representative of the combined structures in the 
current study, as it also had a large trunk and root system 
above ground, providing both horizontal and vertical cover. 
The taller vertical panels may provide a similar perception to 
that of overhead cover, particularly when the sun was at an 
angle that cast shade around the structure area. The present 
study did not assess the influence of shade areas. Pettersson 
et al. (2017) found that hens were attracted to areas close to 
horizontal cover, indicating that hens may not require over-
head cover to perceive safety or security from aerial predators. 
Rault et al. (2013) showed that vertical panels (similar in 
design to the current study) were effective at improving hen 
distribution in the range. The shorter vertical panels provided 
no cover or shade, suggesting that hens, albeit a few, were 
attracted to the area out of curiosity, perhaps indicating the 
structures themselves provided a form of enrichment.
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The majority of structure interactions recorded were direc-
ted at the shade cloth rather than the frame (proportions not 
recorded). There was little difference in the proportion of 
hens interacting with the structures when they had shade 
cloth that hens were able to physically reach. Density of 
shade cloth had little practical influence on the proportion 
of hens interacting with structures. Similarly, the total surface 
area of shade cloth had no influence on the number of hens 
interacting with the structure, as hens interacted in the same 
way and frequency with the short as the tall vertical panels. 
This might have been limited by the hens’ height, whereby the 
surface area hens could reach in the tall structures may have 
been comparable to the total surface area of shade cloth in the 
short structures. The proportion of hens foraging increased in 
the absence of shade cloth, but was still proportionally higher 
around structures with shade cloth, indicating that interacting 
with the structure provided another opportunity for foraging 
and pecking. Additionally, increased foraging in the absence 
of shade cloth may be attributed to the lower density of hens 
observed around these structures. Foraging behaviour in free- 
range systems has been shown to increase in areas with lower 
densities of hens (Chielo et al. 2016). Structures providing 
opportunities to perform the highly motivated behaviours of 
foraging and pecking may be important for hen welfare, 
particularly in high densities, given that these behaviours are 
associated with improved plumage condition and reduced 
incidence of gentle and severe feather pecking (McAdie 
et al. 2005; Pettersson et al. 2017).

This appears to be the first study to explicitly describe 
and measure ‘air foraging’ behaviour in laying hens, but it 
has been previously incorporated into ‘foraging’ behaviour 
by Larsen et al. (2017a). The air foraging behaviour involves 
fast pecks and snapping into the air, usually repeated in 
a bout, and seems to be related to presence of small flying 
insects. This behaviour occurred primarily in structures 
with tall dense horizontal canopy cover. Some species of 
mosquitos are attracted to darker colours (Barrera et al. 
2013), which might explain the increase in this behaviour 
around the darker shade cloth. It can be suggested that the 
occurrence decreases around shorter structures because the 
hens may be pecking at the insects on the shade cloth rather 
than in the air. The occurrence of this behaviour in the 
current study was greater than for other common and 
important hen behaviours, such as dust bathing, vigilance 
and resting. However, it is still to be determined whether 
the performance of this behaviour influenced the overall 
behavioural repertoire of hens or influences hen welfare, for 
example, by reducing feather pecking.

Hens performed a variety of behaviours around the struc-
tures, though not as wide in variety as seen in previous 
studies. Larsen and Rault (2014) reported, in addition to 
foraging, walking and resting, that hens would preen (22–-
30%), stand alert (9–14%), and perch (4–5%) around a natural 
shrub structure; and Larsen et al. (2017a) reported the most 
common behaviours performed in four distinct environments 
were foraging (33%), locomotion (19%), preening (9%), rest-
ing (7%), and vigilance (6%). Additionally, while structural 
features may have had significant effects on the proportion of 
hens performing each behaviour, they may not be biologically 
relevant, as for locomotion for example. Further research 
should investigate the optimal size and density/surface cover 
of structures, whether different ground cover (e.g., leaf litter/ 
sand boxes), and whether mobile structures would provide 

additional advantages. If the structures were larger or pro-
vided in denser numbers over a greater area (as seen in the 
dense ‘wattle tree’ environment in Larsen et al. 2017a) then 
perhaps more behaviours would have been observed and the 
influence of the principles on the performance of these beha-
viours may have been more pronounced.

Conclusions

This study is the first to separate and investigate specific 
principles of artificial structures that attract laying hens in 
an outdoor range. Laying hens showed a clear preference for 
structures that had dense overhead and horizontal canopy 
cover that was lower to the ground. However, a three-way 
interaction between the principles investigated suggests that 
design of artificial enrichment for laying hens is complex. 
These results were studied in one flock on one commercial 
farm and would benefit from further research, given the 
importance of range cover for laying hens. By identifying 
the most preferred structural type in this factorial experi-
ment, future research on structural features that attract hens 
can be utilised to examine the effects of these features on 
commercial free-range hen welfare, land management and 
consumer satisfaction.
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