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ABSTRACT Sunlight intensity and UV radiation
may affect free-range hens’ use of the outside range,
particularly when sunlight is intense with a high UV
index. However, it is uncertain what aspect of sunlight
(brightness or UV) may be most aversive to hens to
discourage them from leaving standard indoor lighting
conditions to venture outdoors. A controlled indoor-
based choice study was conducted to determine
whether hens showed preferences for different light
wavelengths and intensities that may affect outdoor
range usage. Cage-reared ISA Brown laying hens
(n 5 84) at 44 wk of age in 3 groups (28 hens/group)
were tested for preferences of indoor standard light
emitting diode (LED) white light (control) vs. one of
three different treatment lights: 1) visible spectrum
plus infrared wavelengths (VIS); 2) visible spectrum
plus UVA wavelengths (UVA); and (iii) visible spec-
trum plus UVA and UVB wavelengths (UVA/B) pre-
sented successively at low, medium, or high levels of
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intensity. Hens within each group were individually
tested for 2 h in an apparatus with 2 compartments
(control vs. treatment) connected by a tunnel on both
sides. Videos of hens’ time spent in each compartment
and behaviors were decoded and analyzed using
GLMM. Hens spent more time under the low intensity
of the UVA/B light treatment (62%), the low intensity
of VIS light (61%), medium intensities of both UVA/B
light (60%), and UVA light (59%), and the high in-
tensity of the VIS light (58%) when compared with
control light (all P � 0.05). Hens spent less time feeding
under all intensities of UVA light (all P � 0.03) and
showed more foraging, ground pecking, and preening at
lower levels of UVA/B light (P , 0.05). The study
suggests that UVA/B light (sunlight) may have posi-
tive effects for hen range use, but during peak sun in-
tensities, hens may need additional measures (e.g.,
shelter) to protect themselves. Confirmation of these
findings in a free-range setting is needed.
Key words: behavior, free-range, laying
 hen, light preference, sunlight, UV light
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INTRODUCTION

Light is a critical factor in the laying hen industry as it
has significant impact on a hen’s physiology, behavior,
production, and welfare (Manser, 1996; Mohammed
et al., 2010; Jacome et al., 2014). The physical properties
of light include photoperiod, intensity (brightness) and
wavelength (color), and all have potential effects in layer
production systems (Lewis and Morris, 2006). There has
been much previous research demonstrating that the
photoperiod of light is essential for sexual maturity
and egg production (Lewis et al., 1997; Min et al.,
2012), intensity can affect the development of feather
pecking behaviors (Kjaer and Vestergaard, 1999;
Janczak and Riber, 2015; Shi et al., 2019), and wave-
length is processed by different photoreceptors in the
eye that can then stimulate performance and physical
activities (Huber-Eicher et al., 2013; Baxter et al.,
2014). Typically, assessment of sources for artificial illu-
mination in intensive commercial layer farms have been
based on perception via human vision (Maddocks et al.,
2001; Prescott et al., 2003), but a chicken’s visual
perception is different (Goldsmith, 1990; Bowmaker
et al., 1997). Owing to the presence of a fourth (extra)
retinal cone (Govardovskii and Zueva, 1977; Osorio
et al., 1999), avian species are able to see part of the
UV light spectrum (315–400 nm), namely the UVA
wavelengths (Prescott and Wathes, 1999; Lewis and
Morris, 2000; Rajchard, 2009). The UVB portion of
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the light spectrum (280–315 nm) is not visually
perceived by hens but can penetrate the skin of a
chicken’s feet, comb, and wattles. These UVB wave-
lengths play a key beneficial role in the production of
vitamin D3 that promotes intestinal absorption of cal-
cium and phosphorus and improves bone mineralization
and bone growth (Edwards Jr, 2003; de Matos, 2008;
Schutkowski et al., 2013).

Preference testing of indoor-housed chickens indicates
both laying hen chicks and broilers prefer the UVA spec-
trum in comparison with lights with no UVA component
(Kristensen et al., 2007; Liu et al., 2018). UVA and/or
UVB light supplementation can increase behavioral ac-
tivity, reduce fear responses, improve bone composition,
and improve egg production (Sobotik et al., 2020; Wei
et al., 2020). However, these previous studies have typi-
cally used low levels of UV supplementation. In contrast,
sunlight is a direct source of high levels of UV radiation.
The wavelengths of sunlight contain infrared radiation
(700 nm–1 mm) (49.4%), human (and chicken) visible
radiation (400–700 nm) (42.3%), and 8.3% UV radiation
(100–400 nm) (Gibson, 2000). This UV radiation
comprises 3 different types with the majority of the
UV radiation that reaches the earth surface being
UVA (95%), with a small remainder UVB (5%), and
all the UVC (100–280 nm) is screened out by the ozone
layer (Holick, 2016). For chickens that are exposed to
direct sunlight in a free-range system that provides out-
door access, the high levels of UV radiation may be visu-
ally aversive or cause skin damage and sunburn (Lewis
and Gous, 2009). Consequently, this may be a contrib-
uting factor to low levels of range access that are often
seen in free-range chickens (Dawkins et al., 2003;
Hegelund et al., 2005). Previous studies have shown
that hens typically range less during sunny and hot
days compared with when the weather remains calm
and dull (Richards et al., 2011; Gilani et al., 2014) and
broilers range less with increasing solar radiation
(Stadig et al., 2017). Further studies in broiler chickens
(Jones et al., 2007; Fanatico et al., 2016) and laying
hens (Chielo et al., 2016) found that time of day
impacted the birds’ ranging as fewer birds went outside
during midday/early afternoon as compared with morn-
ing and late afternoon. This corresponds with changing
patterns of sunlight intensity throughout the day where
the sun reaches its peak around midday. However, when
different types of shelters are used in the ranging area,
whether artificial (Nagle and Glatz, 2012) or natural
(Dal Bosco et al., 2014; Larsen et al., 2017), birds use
more of the outdoor range, and this could be related to
their protection from direct sunlight (Rault et al.,
2013; Stadig et al., 2017 [meat chickens]). The effects
of sunlight on range usage is particularly pertinent to
Australia as free-range systems are increasing in preva-
lence (Australian Eggs: Annual report, 2019) but the
sunlight is also strong and potentially damaging
(McKenzie et al., 2003; Lewis and Gous, 2009). Across
the summer period, the UV index is extremely high
and is typically greater than 8 where the recommended
exposure level for humans is UV index �3 (Lemus-
Deschamps and Makin, 2012). Lower range use on com-
mercial Australian farms has been observed on days with
bright sunshine (de Koning et al., 2019).
In addition to the effects of UV radiation, the intensity

(brightness) of sunlight in the visual spectrum (human
and chicken, 400–700 nm) may also impact hens’ ranging
behavior. Indoor poultry lighting is typically kept at a
low lux level, approximately 10–20 lux which is in stark
contrast to the sunlight intensity 10,000–40,000 lux/
130,000 lux experienced on a cloudy/sunny day (sun at
zenith), respectively, when outside (Norton and
Siegwart, 2013), although some commercial producers
in Australia report keeping free-range hens at a higher
lux inside (w100 lux, DLMC. Pers comm. 2019). Some
previous indoor-based preference testing compared
choices and behaviors of chickens under different lux il-
luminations. Light intensity preference testing by
Davis et al. (1999) in laying hens with different light in-
tensities (6, 20, 60, and 200 lux) revealed that birds at
2 wk of age preferred to spend more time under bright
illumination (200 lux); however, at 6 wk of age they
had changed their preference toward the dimmest light-
ing (6 lux). Mohammed et al. (2010) studied the effects
of varying light sources of low (5 lux) or high (50 lux) in-
tensity on laying hen behavior, showing that hens
exhibited more pecking and aggression under 50 lux,
but other observed behaviors (e.g., walking, sitting,
standing, feeding, resting) were not significantly
affected. Another study by Vandenbert and Widowski
(2000) found that laying hens preferred to spend more
time sitting and feeding under dimmer (27 lux) incandes-
cent light but showed more pecking, preening, and nest-
ing behavior under high-pressure sodium light (426 lux).
Laying hens with choices between different intensities of
fluorescent light spent the most time at 5 lux and the
least time at 100 lux relative to ,1 lux, 15 lux, or 30
lux (Ma et al., 2016). In contrast, Prescott and Wathes
(2002) found that the feeding preference of laying hens
was greater in high-intensity light (200 lux) rather
than low intensities (,1, 6, or 20 lux) of incandescent
light. Laying hens have also shown increased levels of
physical activity and energy expenditure corresponding
with rising light intensity between 0.5 and 120 lux
(Boshouwers and Nicaise, 1987). However, to the au-
thors’ knowledge, there has been no study comparing
standard light intensities with those closer to what are
found in sunlight in a controlled indoor setting.
Therefore, the objectives of this study were to use

controlled indoor testing to determine hen preferences
for different light wavelengths and intensities that may
affect range usage. We predicted that hens would avoid
light of high intensities, particularly the UVB
wavelengths.
MATERIALS AND METHODS

The study was conducted in the Rob Cumming
Poultry Innovation Centre at the University of New En-
gland, Armidale, NSW, Australia. The research protocol
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was approved by the Animal Ethics Committee of the
University of New England (AEC18-137).
Animals and Husbandry

A total of 108 ISA Brown laying hens of 44 wk of age
procured from 1 local commercial cage farm were used
for this experimental trial. All the hens were from the
same flock with no outdoor exposure to natural daylight
except during transport from the farm to the research fa-
cility (approximately 2-hour duration). On arrival at the
facility, hens were equally distributed among 9 home
pens within 1 room, separated by wire paneling with
shade cloth. Each of the pens measured
3.2 m L ! 1.75 m W and contained 1 nest box
(34 cm L ! 29 cm W ! 24 cm H), 1 round feeder
(34 cm H ! 21 cm D ! 1.2 m C), 2 nipple drinkers,
Figure 1. A schematic of the Light Preference Testing Apparatus (LPTA
lights and temperature loggers. *For the UVA treatments, 3-mm glass wa
wavelengths.
and a single two-tiered perch
(1.07 m L ! 80 cm W ! 64 cm H), with wood shavings
as floor litter. Standard commercial layer mash and wa-
ter were provided ad libitum. Hens were stocked at an
approximate density of 3 hens/m2. The home pens
were illuminated with poultry specific white LED bulbs
(IP65 Dimmable LED Bulb, B-E27: 10W, 5K, no flicker,
Eco Industrial Supplies, China) with an average light in-
tensity level of 20.3 6 2.1 lux at bird’s eye height level
across the pens (Lutron Light Meter, LX-112850; Lutron
Electronic Enterprise CO., Ltd., Taipei, Taiwan). The
hens were maintained on a 16L: 8D lighting schedule
(lights on at 5 am and off at 9 pm) during the study
period. The home pens (and testing room – see the
following section) were environmentally controlled
with mechanical ventilation set to maintain an average
temperature of 21�C 6 1 when possible, based on
) showing the dimensions of the LPTA and placement of the food, water,
s placed between the lamp and the wire mesh cover to filter the UVB
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outdoor temperatures. Hens were allowed 12 days to
adjust to the new facility before starting acclimation
within the testing apparatus.
Light Preference Testing Apparatus

Six Light Preference Testing Apparatus (LPTA)
boxes were set up in the adjacent room (testing room)
at the facility. The 6 boxes were evenly distributed
within the 6.2 m L x 9.6 m W room (which was divided
into thirds by wire and shade cloth) so that 2 boxes of the
same light treatment were across from each other; test
hens could hear but not see each other. Each of the black
Formply, square-shaped LPTA was divided in half and
comprised 2 identical adjacent compartments
(180 cm L ! 90 cm W ! 60 cm H, Figure 1) joined
by access tunnels (70 cm L ! 20 cm W ! 60 cm H)
on each end. The tops of the compartments were covered
with wire mesh to prevent the hens from escaping. Each
compartment contained a round feeder
(34 cm H ! 21 cm D ! 120 cm C) with standard com-
mercial mash and a water dish (8 cm H ! 12 cm
D ! 42 cm C) with wood shavings as floor litter
(10 cm H). A temperature logger (Tinytag Plus 2,
TGP-4500; Gemini Data Loggers Ltd, West Sussex,
UK) was set up in each side of the apparatus for 3
LPTA (Figure 1) all on the same side of the room to re-
cord temperature in 10-min intervals (there were only
sufficient loggers available to record in 1 box from each
treatment).

The testing roomwas illuminated by standard lighting
consistent with the home pens, resulting in an average
light intensity level of 20.36 2.1 lux at a bird’s eye height
across the compartments. One side of each LPTA served
as the control condition with illumination provided only
by the standard room lighting. The other side was the
treatment condition where in addition to standard
room lighting, different lights (see following section) un-
der a round metal light shade were suspended just above
the covering mesh (60 cm from the floor in the center of
the compartment, Figure 1). For balance, an empty
metal light shade was placed on top of the center of the
mesh on the control side. The position of the standard
lights was such that no shadows were cast within the
LPTA. Video cameras (Hikvision network turret cam-
eras DS-2CD2355FWD-1) for each LPTA were installed
at 150 cm above the floor and connected to a network
video recorder in a separate room (Hikvision DS-
7608NI-I2-8P CCTV network video recorder).
Test Lights

The selected lights for preference testing were
commercially available Exo Terra (Rolf C. Hagen, Mon-
treal, QC, Canada) pet reptile bulbs. The lights were
selected to determine broadly what part of the sunlight
spectrum was aversive to the hens in high intensities
but within the scope of what artificial light spectrums
were commercially available. Three different
types were selected as being representative of 1) the
human/chicken visible spectrum (VIS) but including
infrared wavelengths (Halogen Basking Spot Lamp
PT2181 50W, PT2182 75W, and PT2183 100W), 2)
the human/chicken visible spectrum including UVA
(Reptile UVB200, 25W, PT2341), and 3) the human/
chicken visible spectrum including UVA and UVB
(UVA/B) (Reptile UVB200, 25W, PT2341, Figure 2).
The peaks in the visible spectrum across the 3 bulb types
were not equivalent. The same bulbs were used for the
UVA and UVA/B treatments with 3-mm glass placed
under the bulbs in the UVA treatment to filter out the
UVB wavelengths. Three light intensity levels (low, me-
dium, and high) of each 3 different light treatments were
also tested by using different bulb wattages (treatment
1) or increasing numbers of bulbs of the same wattage
(treatments 2 and 3 up to 3 bulbs were used). The treat-
ment lights were suspended directly above the wire mesh
covering (Figure 1) to enable the high intensities to be
simulated. There was approximately 10 cm of wood
shavings placed on the concrete floor within each
LPTA, and thus, standing chicken eye height was
approximately 30 cm above the wood shavings or
20 cm from the light source. If the hens stretched their
necks, they were only a few cm from the bulb (depending
on potential movement of the wood shavings by the hens
and how high the hen reached). All wavelengths and ra-
diation intensities were measured over an average of 10
readings using an Ocean Insight Flame-S-XR1 Spectror-
adiometer (200–1,025 nm, Quark Photonics, Melbourne,
VIC, Australia) set with an integration time of
180,000 ms and integration range from 280 to 1,000 nm
(Figures 3A–3D). The device was placed directly under
the light source at a distance of 20 cm from the source
(approximate chicken eye height at standing). Readings
of the control light were taken at 15 cm owing to the
comparatively low intensity of this light. All readings
were taken from individual bulbs within an enclosed
container to eliminate interference from other ambient
light sources. The individual spectrums of the different
bulbs (wavelengths) did not change with the different in-
tensity treatments (Watts), only their irradiance. The
measurements are indicative of the irradiance under
the light source but not within the whole compartment
owing to irradiance decay across distance. Lux of the
lights was also measured using a digital lux meter
(Lutron Light Meter, LX-112850; Lutron Electronic En-
terprise CO., Ltd., Taipei, Taiwan), and the UV index
was measured for the UVA/B treatment using a reptile
UV index meter placed at 20 cm from the source (Solar-
meter Model 6.5 R UVI Reptile, Solarmeter Australia,
Noosaville Dc, QLD) (Table 1).
Bird Acclimation and Selection for
Preference Testing

For acclimation to the LPTA, hens were placed in the
apparatus on 4 separate occasions across different weeks,
first as a group and then as individuals. Before
commencing habituation, all hens were leg-banded



Figure 2. Spectral irradiance of different light treatments (high intensity) as measured by an Ocean Insight Flame-S-XR1 Spectroradiometer at
20 cm from the source (15 cm from source for control for visual appearance). Control: Poultry-specific LED white bulb (IP65 Dimmable LED
Bulb (420–724 nm), B-E27: 10W, 5K; VIS: Halogen Basking Spot Lamp (372–800 nm), PT2183 100W, Exo Terra; UVA: Reptile UVB200 light
(320–712 nm), 25W, PT2341, Exo Terra with 3-mm glass placed under the bulbs; UVA/B: Reptile UVB200 light (288–714 nm), 25W, PT2341,
Exo Terra. Abbreviation: VIS, visible spectrum plus infrared wavelengths.
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with unique-colored/numbered rings, and they were
returned to their home pens after every habituation ses-
sion. During the habituation period, only the standard
ambient light source was used to illuminate both com-
partments of the LPTA. At 46 wk of age, 4 hens (from
the same home pen) were placed in each LPTA with 1
pair initially placed into each compartment. The hens
were allowed to move around freely via the tunnels for
Figure 3. (A–D): Spectral composition of the lights of different intensitie
20 cm from the source (15 cm from source for Control for visual appearance
Bulb, B-E27:10W-5 K); (B) VIS: Halogen Basking Spot Lamp, Exo Terra.
(Medium), or PT2183 100W (High); (C) UVA: Reptile UVB 200, 25W, PT2
UVBwavelengths. Intensity was categorized as Low (1!UVB 200 bulb), M
Reptile UVB 200, 25W, PT2341, Exo Terra. Intensity was categorized as Low
200 bulbs). Abbreviation: VIS, visible spectrum plus infrared wavelengths
approximately 3 h during the daytime and this was
repeated in groups of 4 for all hens (between approxi-
mately 9 am–5 pm). At 47 wk of age, hens were placed
in their groups of 12 (the whole pen) into the LPTA
for overnight habituation (5 pm–9 am). At 48 wk of
age, hens were placed in the LPTA individually for accli-
mation for approximately 2 h during the daytime (be-
tween approximately 9 am–5 pm). Finally, at 50 wk of
s as measured by an Ocean Insight Flame-S-XR1 Spectroradiometer at
). (A) Control: Poultry-specific white LED bulb (IP65 Dimmable LED
Intensity of light was categorized as PT2181 50W (Low), PT2182 75W
341, Exo Terra was used with 3-mm glass placed under the bulbs to block
edium (2!UVB 200 bulbs), or High (3!UVB 200 bulbs); (D) UVA/B:
(1!UVB 200 bulb), Medium (2!UVB 200 bulbs), or High (3!UVB

mailto:Image of Figure 2|eps
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Table 1. Parameters of treatment lights at different intensity levels.

Treatment light Wavelength (nm) Level of intensity Light intensity (lux)1 UV index2

LED white 420–724 Control/ambient 20.3 6 2.1 -
VIS 372–800 Low 1,930/81,000 -

Medium 25,900/95,600 -
High 47,000/98,000 -

UVA 320–712 Low 690/5,480 -
Medium 1,590/5,800 -
High 2,140/7,160 -

UVA/B 288–714 Low 712/5,640 6.5/33.3
Medium 1,920/6,500 10.2/34.1
High 2,640/8,630 14.1/42.4

1All the light measurements were taken at hen’s eye height: 30 cm above from the floor and/or 20 cm
from the sources as well as 5 cm from the source to account for a hen that may stretch up. The curved
shape of the VIS bulb resulted in variable lux readings, the highest center point reading was included in
the table.

2The UV index was only available for the UVA/B as this is calculated based on a range of factors
including the relative contributions of both of these types of UV light.
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age, hens were placed in the box individually again for
2 h during the daytime (9 am–5 pm) but with the stan-
dard lights in the room increased to an intensity of
approximately 200 lux and exposure to the low intensity
of the treatment lights. This was to give the hens both
some experience with the new spectrums and some expo-
sure to higher lux in an effort to minimize the chance of
adverse reactions (e.g., panic flight and injury) to their
first exposure to much higher intensities than they
were accustomed to. In total, each hen spent 23 h within
the LPTA during the habituation phase. Hens were
monitored via video cameras throughout the daytime
habituation periods to observe their movement. In the
final habituation session, only hens that had exhibited
movement between the 2 compartments via the tunnels
(minimum 2 times between compartments was
observed) were selected to proceed with testing
(n 5 84 hens).
Preference Testing

After habituation, a total of 84 hens (28 hens/treat-
ment) were individually tested for different light prefer-
ences. An individual hen was only tested within 1 of the 3
treatment groups but was exposed to all 3 intensities
within that treatment. The 3 intensities (low, medium,
high) were tested sequentially to minimize confounds
of previous exposure on preferences and to simulate
what a hen may experience when the pop holes first
open within a free-range facility. The hens would gradu-
ally be exposed to increasing intensities of light as they
slowly venture outside for the first time after indoor rear-
ing (typical practice within Australia and other coun-
tries). Individual hens were tested with each level of
light intensity from 51 to 53 wk of age. It took approxi-
mately 5 d to test all 28 hens of a specific treatment for 1
intensity. During testing, 2 LPTA were simultaneously
used for each treatment allowing 6 hens to be tested on
each occasion. Hens were captured from the home pens
and transported to the neighboring testing room in carry
bins. For consistency, birds were always placed in the
treatment compartment first and allowed 2 h to exhibit
a choice before being returned to their home pen. The
side placement of the treatment lights were balanced be-
tween the 2 LPTA per treatment (i.e., treatment lights
were on either the left or right side of the box) and
bird placement within boxes was rotated between inten-
sities (i.e., if a bird was placed in box-A for the low-
intensity test, she was placed in box-B for the medium-
intensity test, and box-A for the high-intensity test).
On each test day, 3 successive sessions (9 am–11 am,
12 pm–2 pm, and 3 pm–5 pm) were completed. There-
fore, 18 hens (6 hens/treatment) were tested per day.
All the testing sessions were recorded by video cameras
for later analysis. Outside of the testing period, hens
remained in their home pens with standard lighting
and full access to all necessary resources.
Video Observations and Data Acquisition

Six overhead video cameras recorded the position and
behavior of the hens throughout the testing period. Data
were generated by watching the full-length (2 h) video
records of all tested hens (n 5 252 test sessions) individ-
ually by a single observer using the “Behavioral Observa-
tion Research Interactive Software” (Friard and Gamba,
2016).
Time Spent Measurements The entry and exit times
of the hen to each LPTA were used to determine the ab-
solute durations of testing. The durations of time that
hens spent in the treatment light compartment, in the
standard light (control) compartment, or in the tunnels
were expressed in total number of s for each of the 2-hour
test periods and used to calculate the percentages of time
that hens spent in each compartment. The frequencies of
movement between the compartments were also used to
count the latency (s) until the hen first exited the
treatment compartment, the number of transitions
(visits to each compartment), and the duration of each
compartment visit. Furthermore, during observation,
each of the compartments were split into thirds (on
screen) to document the time spent directly under the
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light sources (the middle) and in either side (right/left).
The food and water were located in the right and left
thirds.
Exhibited Behaviors Behaviors of the hens during the
testing periods were also recorded in each compartment
by the same observer based on the ethogram displayed
in Table 2. Behaviors of eating, foraging, drinking, and
dust bathing were measured as state events in seconds,
whereas other behaviors of body shaking, ground
pecking, preening, leg stretching, wing flapping, and
escape attempts were measured as point events
(frequency).
Data and Statistical Analyses

All data were analyzed in JMP 14.0 (SAS Institute,
Cary, NC) with a level set at 0.05. Data were compiled
per individual hen separately for each light treatment
and level of intensity. These data included the propor-
tion of the 2-hour test period spent in each compartment
(minus the time spent in the tunnels), the total time
spent in the middle of each compartment (min), the la-
tency to first exit the treatment compartment (hens
were always placed on the treatment side), the number
Table 2. Definition of time spent variables and behavio

Parameters Event type

Time spent
Time spent State

Percentage of time spent State
Intercompartment transitions (visits) Point

Mean visit duration State

Time spent at middle State

Behavioral ethogram
Feeding time State

Foraging time State

Drinking time State

Dust bathing State

Preening Point
Ground pecking Point

Body shaking Point

Wing flapping Point
Escaping (jump) Point

Leg stretching Point
of visits to each compartment, and the mean duration
(min) of each compartment visit. The temperature
data were averaged per test session to provide a single
value for the test period of an individual hen. It was
assumed that the values would be similar for the oppo-
site box of the same light treatment (without logging de-
vices), and thus, the temperature values were repeated
for the hen that was tested at the same time in the oppo-
site replicate treatment box. Data were transformed to
approach normality with square root transformation
applied to the count data and log10 transformation
applied to the duration data. The proportional data
(time spent) were logit-transformed after subtracting a
constant of 0.001 from all data to allow transformation
of “100” values (n5 48 of 252). The corresponding values
of ‘0’ had a constant of 0.001 added so they could also be
included in the analyses. General linear mixed models
(GLMMs) were applied to each parameter separately
for different intensity levels for each light treatment
with compartment and temperature nested within
compartment included as fixed effects and hen ID as a
random effect. GLMMs were also applied to compare
data from the treatment side only between the different
light treatments separately at each intensity level
ral ethogram used in the video observations.

Unit Definition

min/hen Total time spent in a compartment during
the testing period.

% Time spent (min) O 120 ! 100%.
count The number of visits a hen makes to a

compartment within the testing period.
min/hen Mean time spent in a compartment during

a single visit.
min/hen Total time spent in the middle of the

compartment (under the light sources)
during the testing period.

min/hen Time spent at the feeder starting from
when the hen commenced feeding until she
turned away from the feeder. This time
included brief pauses that hens may have
made during feeding.

min/hen Scratching at the litter substrate with feet
followed by pecking at the litter.

min/hen Time spent at the water dish starting from
when the hen lowered her head and
consumed water until the hen turned away
from the dish. This time included brief
pauses when the hen was not consuming
water but was still facing the water dish.

min/hen Rolling or moving around in substrate,
wings fluffed up, kicking substrate onto the
feathers.

count Grooming of feathers with beak.
count Pecking at substrate or fallen feathers on

the ground (not preceded by feet
scratching).

count Rapid whole-body movement associated
with ruffling of the feathers that occurred
randomly throughout the test period or at
the end of the dust bathing sequence.

count Opening of the wings while still standing.
count Hens trying to escape from the apparatus

by jumping upwards.
count One leg stretched out on either side of the

body.
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including the proportion of time spent, time spent in the
middle, mean visit duration, mean number of visits, and
latency to first exit. Light treatment and temperature
nested within compartment were included as fixed ef-
fects and hen ID as a random effect. The model residuals
were plotted for visual inspection of homoscedasticity.
Where significant differences were present, Student’s t
tests were applied to the least squares means, but the
raw values are presented in the tables and graphs.

For behavioral response data analysis, feeding time,
drinking time, foraging time, and dust bathing were
recorded as state events and measured in seconds that
were converted to min in the final analysis and log10
transformed. Dust bathing occurred infrequently and
thus was not statistically analyzed, but data are pre-
sented in the tables. The behavioral responses including
body shaking, ground pecking, and preening were
recorded as point events, and the count values were
square-root-transformed with the raw values presented
in the tables. There were insufficient observations of
wing flapping, leg stretching, and escape attempts for
statistical analysis. GLMMs were fitted to analyze each
behavioral response separately for different intensity
levels of each light treatment with compartment, and
temperature nested within compartment included as
fixed effects and hen ID as a random effect. Where signif-
icant differences were present, Student’s t tests were
applied to the least squares means. All the results are
Figure 4. The least squares means6 SEM for percentage of time spent on
UVA/B light intensity. Raw values are presented, but analyses were conduc
icant differences between control and treatment lights by a post hoc Student
Abbreviation: VIS, visible spectrum plus infrared wavelengths
presented by the level of intensity separately for each
light treatment.
RESULTS

Time Spent

Visible Light The proportion of total time spent in the
compartments was significantly affected by treatment
for the low and high intensity of VIS light (F(1,

26.86) 5 5.97, P 5 0.02; F(1, 26.67) 5 5.58, P 5 0.03,
respectively) with hens spending more time in the treat-
ment side over the control side (Figure 4). In contrast,
there was only a trend to spend more time on the
treatment side at the medium intensity (F(1,

25.64) 5 3.87, P 5 0.06, Figure 4). There were no signif-
icant differences in the time spent in the middle of the
compartment (all P � 0.15), the frequency of visits be-
tween the compartments (all P � 0.08), and mean visit
duration (all P � 0.24) for any intensity level of the VIS
treatment but temperature did have a significant effect
on the frequency of visits (P 5 0.01) and mean visit
duration (P 5 0.04, Table 3) at the medium intensity
level.
UVA Light The proportion of total time spent in the
compartments was significantly affected by treatment
for the medium intensity level (F(1, 25.85) 5 4.75,
P5 0.04) with hens spending more time in the treatment
the control or treatment side by hens at different levels of VIS, UVA, and
ted on transformed data. a,bDissimilar superscript letters indicate signif-
’s t test (P � 0.05) separately for each intensity level of each treatment.



Table 3. Hens’ time spent at different intensity levels of the VIS light treatment.

Variable
Level of light
intensity Category Time spent1 (min) Test statistics (df, F-Ratio, P-value)

Temperature (0C) LSM 6 SEM (C/T)2

(df, F-Ratio, P-value)

Time spent at middle Low Control 15.95 6 5.49 F(1, 31.34) 5 2.15, P 5 0.15 24.44 6 0.33/26.10 6 0.33
F(2, 30.73) 5 0.37, P 5 0.69Treatment 36.01 6 5.42

Medium Control 21.55 6 4.78 F(1, 30.58) 5 0.60, P 5 0.44 24.51 6 0.27/26.05 6 0.27
F(2, 34.19) 5 3.10, P 5 0.06Treatment 38.95 6 4.74

High Control 24.34 6 5.63 F(1, 26.25) 5 0.19, P 5 0.67 23.60 6 0.44/25.46 6 0.44
F(2, 28) 5 0.16, P 5 0.85Treatment 30.07 6 5.63

Intercompartment
transitions (visits)

Low Control 10.02 6 3.12 F(1, 48.45) 5 3.29, P 5 0.08 F(2, 38.54) 5 1.06, P 5 0.36
Treatment 11.55 6 3.11

Medium Control 12.62 6 4.44 F(1, 48.52) 5 0.33, P 5 0.57 F(2, 38.20) 5 5.35, P 5 0.01
Treatment 9.72 6 4.43

High Control 11.58 6 2.94 F(1, 37.12) 5 0.65, P 5 0.43 F(2, 36.41) 5 2.96, P 5 0.06
Treatment 9.68 6 2.94

Mean visit duration Low Control 16.52 6 7.74 F(1, 37.09) 5 1.13, P 5 0.29 F(2, 26.56) 5 0.18, P 5 0.84
Treatment 26.80 6 7.65

Medium Control 32.06 6 8.52 F(1, 39.63) 5 0.58, P 5 0.45 F(2, 32.69) 5 3.57, P 5 0.04
Treatment 42.71 6 8.46

High Control 16.40 6 8.34 F(1, 23.99) 5 1.47, P 5 0.24 F(2, 21.18) 5 1.93, P 5 0.17
Treatment 44.94 6 8.35

Raw values are presented with the analyses conducted on transformed data. Significant P-values are indicated in bold.
1The least squares means 6 SEM are presented for each variable.
2(C/T): Control/Treatment.
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side, but there was no effect of treatment for the low in-
tensity level (F(1, 26.06) 5 0.0002, P 5 0.99) and only a
trend to spend more time on the treatment side at the
high intensity level (F(1, 25.56) 5 3.72, P 5 0.06,
Figure 4). Hens also spent more time specifically in the
middle of the treatment compartment at the medium
intensity level (P 5 0.05) but not at the low (P 5 0.99)
or high (P 5 0.28) intensities (Table 4). Similarly, hens
showed significantly more visits to the treatment side at
the medium intensity level (P 5 0.001) but not at the
low (P 5 0.24) or high (P 5 0.18) intensities (Table 4).
Temperature had a significant effect on the frequency of
visits (P 5 0.04) at the high intensity level (Table 4).
There was no significant effect of light treatment on the
mean visit duration at any intensity (all P � 0.24,
Table 4).
Table 4. Hens’ time spent at different intensity levels of the UVA ligh

Variable
Level of light
intensity Category Time spent1 (min) Tes

Time spent at middle Low Control 24.12 6 5.16 F(1,
Treatment 26.73 6 5.16

Medium Control 19.63 6 5.49b F(1,
Treatment 37.05 6 5.49a

High Control 16.55 6 5.50 F(1,
Treatment 28.14 6 5.50

Intercompartment
transitions (visits)

Low Control 19.52 6 5.49 F(1,
Treatment 19.65 6 5.49

Medium Control 10.49 6 2.76b F(1,
Treatment 11.63 6 2.76a

High Control 17.62 6 7.72 F(1,
Treatment 17.43 6 7.72

Mean visit duration Low Control 17.50 6 5.90 F(1,
Treatment 13.08 6 5.90

Medium Control 13.72 6 6.96 F(1,
Treatment 28.86 6 6.96

High Control 16.34 6 8.10 F(1,
Treatment 39.46 6 8.10

a,bDissimilar superscript letters indicate significant differences between con
Raw values are presented with the analyses conducted on transformed data
1The least squares means 6 SEM are presented for each variable.
2(C/T): Control/Treatment.
UVA/B Light The proportion of total time spent in the
compartments was significantly affected by treatment
for the low (F(1, 25.31) 5 5.09, P 5 0.03) and medium
(F(1, 25.51) 5 6.29, P 5 0.02) intensity levels with hens
preferring to spend more time on the treatment side
(Figure 4). In contrast, there was no preference exhibi-
ted at the high intensity level (F(1, 26.77) 5 1.96,
P 5 0.17, Figure 4). Hens also spent significantly more
time in the middle of the treatment compartment at the
low (P 5 0.01) intensity level but not at the medium
(P5 0.21) or high intensities (P5 0.96, Table 5). There
was no effect of treatment on the frequency of visits at
any intensity level (all P � 0.29, Table 5), but at the
medium intensity level, temperature showed a signifi-
cant effect on the frequency of hens’ visits between the
compartments (P 5 0.04, Table 5). There were
t treatment.

t statistics (df, F-Ratio, P-value)
Temperature (0C) LSM 6 SEM (C/T)

(df, F-Ratio, P-value)

24.55) 5 0.0003, P 5 0.99 25.33 6 0.32/25.37 6 0.32
F(2, 31.35) 5 1.38, P 5 0.27

24.70) 5 4.40, P 5 0.05 25.22 6 0.19/25.36 6 0.19
F(2, 30.49) 5 0.54, P 5 0.59

21.17) 5 1.24, P 5 0.28 24.29 6 0.29/24.54 6 0.29
F(2, 25.72) 5 0.45, P 5 0.64

26.46) 5 1.42, P 5 0.24 F(2, 35.08) 5 0.35, P 5 0.71

34.10) 5 12.75, P 5 0.001 F(2, 35.43) 5 0.03, P 5 0.97

46.61) 5 1.83, P 5 0.18 F(2, 36.11) 5 3.50, P 5 0.04

20) 5 0.98, P 5 0.33 F(2, 28.31) 5 0.89, P 5 0.43

17.95) 5 1.48, P 5 0.24 F(2, 25.31) 5 1.92, P 5 0.17

16.47) 5 0.01, P 5 0.91 F(2, 24.20) 5 1.95, P 5 0.16

trol and treatment lights (P � 0.05).
. Significant P-values are indicated in bold.



Table 5. Hens’ time spent at different intensity levels of the UVA/B light treatment.

Variable
Level of light
intensity Category Time spent1 (min) Test statistics (df, F-Ratio, P-value)

Temperature (0C) LSM 6 SEM (C/T)
(df, F-Ratio, P-value)

Time spent at middle Low Control 16.96 6 3.93b F(1, 26.32) 5 6.83, P 5 0.01 25.09 6 0.33/25.59 6 0.33
F(2, 33.84) 5 0.30, P 5 0.75Treatment 33.50 6 3.99a

Medium Control 16.54 6 4.31 F(1, 24.91) 5 1.66, P 5 0.21 24.88 6 0.29/25.66 6 0.29
F(2, 32.91) 5 1.11, P 5 0.34Treatment 36.44 6 4.31

High Control 21.72 6 3.97 F(1, 27.41) 5 0.002, P 5 0.96 23.96 6 0.38/25.01 6 0.38
F(2, 31.75) 5 0.89, P 5 0.44Treatment 26.74 6 3.96

Intercompartment
transitions (visits)

Low Control 16.23 6 4.50 F(1, 47.82) 5 0.05, P 5 0.82 F(2, 37.27) 5 1.61, P 5 0.21
Treatment 15.30 6 4.50

Medium Control 14.17 6 3.14 F(1, 39.75) 5 0.26, P 5 0.61 F(2, 35.83) 5 3.57, P 5 0.04
Treatment 13.12 6 3.14

High Control 14.76 6 5.19 F(1, 36.65) 5 1.15, P 5 0.29 F(2, 36.35) 5 2.00, P 5 0.15
Treatment 15.24 6 5.19

Mean visit duration Low Control 12.22 6 6.43b F(1, 23.18) 5 4.35, P 5 0.05 F(2, 31.31) 5 2.53, P 5 0.10
Treatment 29.44 6 6.43a

Medium Control 10.01 6 6.31 F(1, 26.40) 5 2.13, P 5 0.16 F(2, 28.34) 5 1.58, P 5 0.22
Treatment 33.28 6 6.32

High Control 21.86 6 4.25 F(1, 32.07) 5 0.12, P 5 0.73 F(2, 29.29) 5 2.51, P 5 0.10
Treatment 32.35 6 7.23

a,bDissimilar superscript letters indicate significant differences between control and treatment lights (P � 0.05).
Raw values are presented with the analyses conducted on transformed data. Significant P-values are indicated in bold.
1The least squares means 6 SEM are presented for each variable.
2(C/T): Control/Treatment.
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significantly longer visits to the treatment side at the low
intensity level (P 5 0.05) but not the medium or high
intensities (both P � 0.16, Table 5).
Relative Preferences Among Light Treatments
Hens’ latency to first exit the treatment compartment
did not differ among the treatment groups at any level
of intensity (all P � 0.15, Table 6), but there was an
effect of temperature on the latency to exit at the me-
dium intensity level (P 5 0.03, Table 6). There were no
significant effects of light treatment on hens’ preferences
for overall time spent and time spent at the middle of the
compartment for any intensity level (all P� 0.13, and all
P � 0.29, respectively, Table 6) except for a significant
effect of temperature on hens time spent at the medium
intensity (P 5 0.002, Table 6). Although there were no
significant differences in the number of visits to the
treatment compartment across all intensities (all
P � 0.24), hens did show a preference to spend a greater
amount of time under the UVA/B light and the least
amount of time under the UVA light during a single visit
at the low intensity (P 5 0.04, Table 6). There were no
effects of treatment on the mean visit duration at the
medium (P 5 0.64) and high (P 5 0.83) intensities
(Table 6), but temperature did have a significant effect
on the mean visit duration at the medium intensity
(P 5 0.01) and the frequency of visits at the high in-
tensity (P 5 0.01, Table 6).
Behavioral Responses

There were no significant effects of the VIS light treat-
ment on the time spent feeding, drinking, and foraging or
the frequency of ground pecking, and preening at any in-
tensity level (all P � 0.12, Table 7), but more body
shaking was observed under the low intensity of the
VIS treatment light (P5 0.04, Table 7). In theUVA light
treatment, hens spent more time feeding under the stan-
dard light at all 3 intensity levels (all P � 0.03, Table 7),
but there were no significant effects on any of the other
measured behaviors (Table 7). In contrast, in the
UVA/B light treatment, hens showed more foraging un-
der the medium intensity of the treatment light
(P 5 0.002, Table 7), more ground pecking under both
the low (P 5 0.004) and medium (P 5 0.01) intensities
of the treatment light and more preening under the low
intensity of the UVA/B light (P 5 0.01, Table 7).
DISCUSSION

The aims of this experiment were to test in a
controlled indoor setting, whether laying hens showed
preferences toward light spectrums and intensities that
free-range hens may experience during outdoor ranging,
including the human and chicken visible spectrum of
light and the UVA and UVB wavelengths. The spec-
trums and intensities tested approximated sunlight as
close as logistically possible based on commercially avail-
able pet reptile light bulbs. The results showed that hens
without substantial prior experience of daylight had sig-
nificant preferences to spend more time under the
different types of treatment lights over standard indoor
lighting. The hens preferred the high intensity of the vi-
sual spectrum light and a trend toward the high inten-
sity of the UVA, but did not prefer the high UVA/B
wavelengths. However, the hens did not actively avoid
this high intensity and instead showed equal preference
with the standard control lighting. Preferences for
some lights were also affected by corresponding differ-
ences in temperature but not consistently. There were
some effects of the treatment lights on behaviors; howev-
er, behavioral expression may have been limited by the
use of cage-reared hens. Further testing of free-range
hens with daylight experience may confirm what aspects
of sunlight could limit range access.
Hens showed a preference for light spectrums within

their visual perception capabilities that were more
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representative of natural light indicating attraction to
these spectrums despite minimum prior exposure to
daylight. This is in contrast with some previous research
showing pullets reared in incandescent light also
preferred this light over natural glass-filtered daylight
(UVB wavelengths unlikely to penetrate glass) in com-
parison with the natural light preferences displayed by
those birds reared under that light type (Gunnarsson
et al., 2008). But layer chicks do show inherent prefer-
ences for LED lights with UVA supplementation in com-
parison with no UVA content (Liu et al., 2018). In
addition, pullets and layers with different exposures to
varying types of artificial lighting all preferred fluores-
cent lights in a choice scenario which may have been a
result of the small component (,5%) of UVA in this
light type (Liu et al., 2017). Although hens in this study
showed preferences for the natural light spectrums, they
still spent a considerable portion (36–49%) of their time
under the control lighting. This is similar to preferences
measured in captive wild avian species that were from
different ecological backgrounds. Those birds that were
typically forest dwellers and exposed to patchy light,
showed lower preferences for UVA supplementation
than those species from high sunlight evolutionary his-
tories (Ross et al., 2013). The typical habitat of the do-
mestic chicken’s jungle fowl ancestors may preclude
preferences to spend the majority of time under brighter
light of natural spectrums. Hens in this study also
showed preferences for higher intensities of the VIS light
and UVA light (although the preference was only a trend
at the highest UVA intensity) indicating the brightness
of these lights was not aversive to the hens. Chicks simi-
larly preferred a higher UVA content when given a
choice between varying percentages of UVA wave-
lengths (Liu et al., 2018). All hens were always placed
on the treatment side for consistency, but this may
have increased the time spent under the treatment lights
compared with always placing hens on the control side
first. Alternatively, the hens in the present study may
have also shown these preferences for greater intensities
as they became more accustomed to the treatment lights
across multiple test sessions. Chickens transferred from
indoor rearing may thus be attracted to the daylight in
the range area when the pop holes first open although
it may take time to adapt to the brightness and initial
range use could be inhibited by other factors such as
the exposure in an open area.

Under the UVA/B light treatment, hens showed clear
preferences for the treatment light under the low and
medium intensities but not at the high intensity. When
focused specifically on the middle of the treatment
compartment where the UV radiation would not yet
have greatly dispersed, the hens only preferred to spend
more time in this area at the low intensity level. This
suggests that while some degree of UVB was preferred,
the higher intensities supplied too much UVB radiation
which may have led to skin damage. This result is consis-
tent with studies of free-range chickens where birds
range less on sunny days (Gilani et al., 2014; Bestman
et al., 2019), during the midday period (Chielo et al.,
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2016; Fanatico et al., 2016) or with increasing solar radi-
ation (Stadig et al., 2017). The UVB wavelengths were
not provided in isolation in this present study as it was
unknown if the hens would minimize their contact with
the high radiation if only the UVB was present, but
Table 7. Hens’ behavioral responses under lights of different levels of

Variable Level of light intensity Category

VIS li

LSM 6 SEM

Feeding (min) Low Control 5.30 6 1.50
Treatment 4.21 6 1.48

Medium Control 4.44 6 1.76
Treatment 3.47 6 1.75

High Control 2.31 6 0.89
Treatment 3.08 6 0.89

Drinking (min) Low Control 3.32 6 1.24
Treatment 2.01 6 1.23

Medium Control 2.07 6 0.55
Treatment 0.68 6 0.56

High Control 1.16 6 0.84
Treatment 2.09 6 0.84

Foraging (min) Low Control 0.87 6 0.37
Treatment 0.54 6 0.36

Medium Control 4.13 6 1.43
Treatment 0.45 6 1.42

High Control 3.83 6 1.67
Treatment 0.92 6 1.67

Dust bathing (min) Low Control 1(4.37)
Treatment 1(30.89)

Medium Control 3(9.83 6 2.93)
Treatment 1(22.22)

High Control 2(15.06 6 12.92
Treatment 3(17.05 6 9.79)

Body shaking Low Control 1.23 6 0.42b

Treatment 2.41 6 0.41a

Medium Control 1.81 6 0.39
Treatment 1.52 6 0.39

High Control 1.44 6 0.42
Treatment 1.70 6 0.42

Ground pecking Low Control 2.53 6 0.95
Treatment 3.29 6 0.94

Medium Control 3.78 6 0.94
Treatment 2.43 6 0.93

High Control 3.22 6 0.84
Treatment 2.35 6 0.84

Preening Low Control 0.69 6 0.35
Treatment 1.42 6 0.35

Medium Control 0.37 6 0.18
Treatment 0.56 6 0.18

High Control 0.42 6 0.27
Treatment 0.56 6 0.27

Leg stretching Low Control 0
Treatment 0

Medium Control 0
Treatment 0

High Control 0
Treatment 1(2)

Wing flapping Low Control 2(1 6 0.0)
Treatment 2(3 6 0.0)

Medium Control 3(2 6 0.58)
Treatment 2(1.5 6 0.5)

High Control 4(2.75 6 1.75)
Treatment 5(1.6 6 0.4)

Escaping Low Control 3(6.33 6 2.73)
Treatment 7(2.71 6 1.29)

Medium Control 2(11 6 7.0)
Treatment 9(9.89 6 7.57)

High Control 2(7 6 6.0)
Treatment 5(2.4 6 0.75)

Notes: a,bDissimilar superscript letters indicate significant differences betwe
the analyses conducted on transformed data. Significant P-values are indicated
raw values are presented as the number of hens that exhibited the behavior an
the relative preferences between the hens exposed to
the UVA or the UVA and B suggest the UVB wave-
lengths specifically were less preferred. However, hens
did not actively avoid the treatment side and thus
showed limited aversion. Although the lights we used
intensity.

ght UVA light UVA/B light

P-value* LSM 6 SEM P-value* LSM 6 SEM P-value*

0.24 8.10 6 1.58a 0.03 4.83 6 1.65 0.78
3.92 6 1.52b 7.58 6 1.65

0.56 4.61 6 1.34a 0.03 6.56 6 2.10 0.60
2.81 6 1.34b 5.02 6 2.10

0.83 7.65 6 2.06a 0.002 5.63 6 1.75 0.68
2.93 6 2.06b 4.34 6 1.75

0.22 0.72 6 0.33 0.46 1.25 6 0.51 0.58
0.85 6 0.33 1.49 6 0.51

0.12 0.70 6 0.36 0.28 0.59 6 0.45 0.83
0.98 6 0.36 2.11 6 0.45

0.48 1.41 6 0.48 0.40 1.09 6 0.57 0.23
0.87 6 0.48 2.50 6 0.57

0.32 1.10 6 0.87 0.61 0.56 6 0.88 0.34
1.77 6 0.87 1.88 6 0.88

0.58 0.42 6 0.54 0.84 0.97 6 0.74b 0.002
1.68 6 0.54 1.85 6 0.74a

0.40 1.41 6 0.51 0.18 1.86 6 1.01 0.68
1.40 6 0.51 1.23 6 1.01

0 0
0 1(10.60)

* 0 * 0 *
0 2(9.74 6 4.69)

) 0 1(43.07)
0 2(11.61 6 4.79)

0.04 2.15 6 0.47 0.60 1.63 6 0.42 0.08
1.71 6 0.47 2.44 6 0.42

0.23 1.18 6 0.31 0.25 1.28 6 0.31 0.34
1.66 6 0.31 1.59 6 0.31

0.36 1.52 6 0.30 0.39 1.18 6 0.24 0.97
0.75 6 0.30 1.11 6 0.24

0.18 2.86 6 0.72 0.62 1.93 6 0.73b 0.004
2.94 6 0.72 4.20 6 0.73a

0.49 2.46 6 0.88 0.06 1.96 6 0.58b 0.01
3.13 6 0.88 3.81 6 0.58a

0.52 2.46 6 0.59 0.79 2.30 6 0.50 0.31
1.61 6 0.59 2.74 6 0.50

0.16 1.45 6 0.48 0.20 0.31 6 0.23b 0.01
1.38 6 0.48 1.23 6 0.23a

0.52 0.32 6 0.20 0.56 0.31 6 0.16 0.95
0.55 6 0.20 0.22 6 0.16

0.65 0.71 6 0.23 0.54 0.32 6 0.15 0.88
0.39 6 0.23 0.32 6 0.15

0 0
0 0

* 0 * 0 *
0 0
0 0

1(1) 0
3(3.33 6 1.86) 2(1 6 0.0)

1(2 6 0.0) 5(3.16 6 2.23)
* 2(1.5 6 0.5) * 2(4 6 1.0) *

3(2.33 6 1.33) 4(3.5 6 1.03)
4(2 6 0.58) 2(6 6 5.0)

4(1.75 6 0.48) 3(5 6 3.51)
6(10 6 4.91) 2(4 6 2.0)

8(9.25 6 4.09) 9(2.33 6 0.83)
* 5(12.8 6 7.63) * 1(23) *

6(12 6 3.29) 3(11.67 6 9.21)
2(21.5 6 10.5) 2(20 6 16.0)
5(7.2 6 2.63) 3(7.67 6 3.28)

en control and treatment lights (P � 0.05). Raw values are presented with
in bold. *Chi-square tests were not performed due to insufficient data, the
d the mean (6SEM) durations or number of events in parentheses.
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showed a high UV index equivalent to a peak summer
day in Australia, they may not have sufficiently
mimicked sunlight to result in avoidance by the hens.
It is unclear if this was a result of their limited experience
with sunlight and whether hens accustomed to ranging
would show stronger avoidance of light with UVB com-
ponents; a future study that warrants further
investigation.
Measures of behavioral expression showed some dif-

ferences in hen behavior under the different light types.
Consistently, hens showed less time feeding under the
UVA light, similar to a previous study that reported
suppressed feed intake in young laying hens under
UVA light (Lewis et al., 2000). Hens also showed
more foraging, ground pecking, and preening at the
low intensity of the UVA/B light suggesting hens
were more comfortable and motivated to express
active hen-typical behaviors (cf. sitting or standing)
under this type of light. Many behaviors were not
affected by treatment, and other studies have found
no differences in hen behavior or activity under
different light types (Widowski et al., 1992;
Mohammed et al., 2010; Huber-Eicher et al., 2013).
Overall, expression of key behaviors (e.g., dust bath-
ing) was low, and this may have been a result of the
testing environment or that these hens were previously
cage-housed and accustomed to less space and wire
flooring thus reducing performance of some activities
(Black and Hughes, 1974).
CONCLUSION

This study demonstrated that hens with minimal
sunlight experience preferred lights that approximated
daylight including high intensities of these lights.
When a combination of UVA and B wavelengths were
presented, preferences were reduced at the higher inten-
sity suggesting hens avoided the damaging radiation.
Lower levels of UVA/B resulted in more behavioral
expression of foraging and comfort behaviors. This sug-
gests that hens in a free-range setting may positively
respond to sunlight access but when the sunlight is
intense, hens may need additional measures (e.g., shel-
ter) to protect themselves from certain levels of UV ra-
diation and intensity. It was impossible to completely
mimic sunlight intensity and wavelengths in an indoor
experimental setting for this study. In addition, older
cage-reared hens were used which may have hindered
behavioral expression. Therefore, further study is
required to validate these findings in a free-range
setting.
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