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ABSTRACT

Improving aviary designs by observing laying hen locomotor
development and determining navigational preferences
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University of Guelph, 2016

Advisor:
Dr. A Harlander

This thesis focused on the development of locomotor, perching, and physical activity patterns of four
strains of laying hens in a complex three-dimensional system. Video observations of chicks (1-9 weeks of
age) showed that chicks performed more locomotor events on the ground than on elevated surfaces and
performed more locomotive and perching events on leveled surfaces than inclined surfaces
(ramps/ladders). Elevated surface use began at 8 days of age. Accelerometers showed that birds (10-37
weeks of age) allocated 70%, 22%, and 8% of their time towards moderate-, low-, and high-intensity
physical activities, respectively. Pullets performed the greatest amount of high-intensity activity. Our
Random Forest prediction accuracy for physical activities was 98. To provide proper locomotor
development for layer-hen chicks, I recommend elevated surfaces connected via surfaces with moderate
incline angles. Overall these finding provide insight that developing chicks preferentially use lower
elevations and moderate activity when navigating a complex aviary.
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CHAPTER 1: INTRODUCTION
Approximately 90% of laying hens in Canada are housed in conventional cages (Egg Farmers of Canada,
2016). Cages are predominately two-dimensional and restrict movement in the third dimension and
therefore interfere with the normal locomotion and behavioural patterns of laying hens (Webster and
Nicol, 1988; Ewbank, 1999). Currently, due to the welfare concerns associated with conventional cages,
consumers, retailers, food chains, and the public are pushing for egg producers to switch from cages
towards cage-free systems such as aviaries. Complex, three-dimensional systems such as aviaries provide
laying hens with freedom of movement in all dimensions (Lay et al., 2011). However, we know
surprisingly little about locomotor skills in domestic birds. Such complex housing systems have been
associated with a high risk of injuries including keel bone damage and footpad injuries along with
behavioural concerns such as feather pecking (Sherwin et al., 2010, Wikins et al., 2011; Lay et al., 2011;
Harlander-Matauschek et al., 2015). Currently, a lack of information exists on how to properly design
aviary systems for laying hens, and no information can be found for pullets and chicks. The first step
towards improving animal welfare in three-dimensional systems involves understanding the basic
biological abilities/navigation/locomotion skills of laying hens in aviaries throughout development to
adulthood.

Under natural conditions, Red Jungle Fowl are able to express terrestrial and aerial locomotion where
their natural habitat consists of uneven terrain and an assortment of vegetation including bushes and trees.
Immediately after hatching, chicks are exposed to large, three-dimensional surfaces and are able to
independently perform terrestrial movement across horizontal surfaces within the first few hours of life
(Schaller and Emlen, 1962; Muir et al., 1996). After several weeks of refining terrestrial locomotor skills
on the ground and aerial locomotor skills, hens lead chicks to low tree-branches to establish roosting
behaviour, which other than to escape predators, is the main reason chickens access the vertical
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dimension (McBride et al., 1969; Jones and Göth, 2008). The Red Jungle fowl access elevated habitat by
starting at the lowest branch and performing short instances of controlled aerial ascent, moving up
branch-by-branch, rather than directly performing one large instance of controlled aerial ascent to their
final destination. Red Jungle Fowl then often perform controlled aerial descent to return to the ground
(Kruijt, 1964).

In chickens (Gallus gallus domesticus), morphological characteristics cause them to have unrefined bursts
of controlled aerial ascent/descent, which is unsuitable in complex systems such as aviaries. Chickens
have impaired flight abilities due to their flight muscles quickly fatiguing, only allowing for short bursts
of controlled aerial ascent/descent (jumping with wing flapping for control) (Crabtree and Newshome,
1972). Additionally, chickens have large dominant hindlimbs, which adds weight to the bird, preventing
quality aerodynamic performance (Jackson et al., 2009; Heers et al., 2014). Chickens also fly at a slow
speed, which is extremely demanding in terms of power and, presumably, comes with a cost to fine motor
control (Warrick et al., 1998; Tobalske et al., 2003; Ros et al., 2011).
Currently, hens in complex aviary systems are usually expected to jump or perform controlled aerial
ascent/decent at steep angles (up to 90o) to navigate between tiers and perches to roost and access food
and water (personal observation). As aviaries are not presently designed to suit the aforementioned
controlled aerial ascent/descent limits of laying hens, a high incidence of keel bone damage exists (80%;
Wilkins et al., 2011). Keel bone fractures are assumed to occur due to hens colliding with either the
structures within the housing environment or with other hens (Gregory et al., 1990; Wilkins et al., 2011).
Keel bone damages (fractures/deviations) can limit movement, reduce production levels and are assumed
to be painful (Nasr et al., 2012). To reduce the high incidence of injuries, removing the requirement for
hens to perform controlled aerial ascent and descent by providing short inclined platforms (ramps) and
horizontal platforms at a mature age has been suggested. However, this management strategy did not
result in lower fracture rates at the end of the laying period (Stratmann et al., 2015) when it was
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introduced for adult birds, which may have been due to no previous exposure to ramps until 18 weeks of
age.

An alternative approach to reduce the incidence of injuries in aviaries might involve improving rearing
conditions. Often, chicks and pullets (1-16 weeks of age) are reared in restrictive two-dimensional floor
pens or rearing cages, which provide minimal space to perform specific movements required to develop
the essential cognitive (e.g. route planning, sensory integration, etc.) and locomotor abilities, such as an
understanding for the third dimension, balance, and steady gait, along with muscular strength to navigate
the third dimension (Faure and Jones, 1982; Holloszy and Coyle, 1984; Levan et al., 2000; Gunnarsson et
al., 2000). Three-dimensional surfaces such as perches can be implemented into the rearing pen; however,
few guidelines for housing chicks and pullets exist and little research has been done regarding these age
classes. It is recommended to rear chicks and pullets in the same system as mature laying hens (Lay et al.,
2011); however, little information is known how to design aviaries that may be used effectively by all age
classes including chicks, pullets and mature hens. Birds of different ages may have special needs and
preferences for their environment. The environment may affect physical activity levels, and this will be
based on age-dependent locomotor capacity.

Understanding how an animal develops and locomotes in its environment can provide fundamental
insight about how to properly design their housing system to promote optimal welfare. The environment
in which a domesticated animal lives can have a large impact on its welfare, especially if the environment
does not provide adequate space to perform their full behavioural repertoire (Webster and Nicol, 1988;
Ewbank, 1999). One method to determine animals’ locomotive patterns within its environment is by
observing the intensity of physical activity. Physical activity, defined as any bodily movement produced
by skeletal muscle that requires energy expenditure (Caspersen et al., 1985), is an important reflection of
health and can be influenced by physical and social environments. However, there is a lack of research on
physical activity in layer hens.
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Video observation may be useful for analyzing how an animal locomotes in its environment; however,
analysis can be time consuming and visual obstructions may impede the ability to view all birds and
movements. Animal-attachable sensors, connected to bio-loggers and bio-telemeters, allow researchers to
accumulate animal-centered behaviour. Commonly used animal-attachable sensors include, but are not
limited to: radio-frequency identification (RFID), global positioning systems (GPS) and pedometers
(Walker et al., 1985; Handcock et al., 2009). Such devices have been successfully used in a number of
species including both domestic (Hyun and Ellis, 2002; Chan et al. 2005; Kelly et al., 2010) and wild
animals (Lindzey et al., 2001). These devices have great potential for improving the understanding of
animal locomotion; however, alone they do not have the capability to capture a complete depiction of the
animal’s behavioural repertoire. There is a need for improvement in size, accuracy, price, and data
analysis software for animal attachable devices (Hebblewhite and Haydon, 2010; Tomkiewicz et al.,
2010; Urbano et al., 2010).

Accelerometers are a tool that can help quantify movement, have become affordable, and can be attached
to lightweight bio-loggers to be used with free-ranging animals. Previous studies have applied
accelerometers to chickens to determine behavioural movement, however, such studies were unable to
detect individual behaviour with high accuracy and only measured acceleration in two directions (X and
Y) (Quwaider et al., 2010; Banerjee et al., 2012; Daigle et al., 2012). Recent developments have led to the
creation of accelerometers that can resolve in three dimensions, yet are small enough to be placed on
chickens without impeding movement (Shepard et al., 2008). Measuring movement in all three directions
allows for the objective identification of specific behavioural events, without objects impeding the
observers view, or without the researcher influencing the animals’ behaviour. Such qualitative
information provides a richer understanding of individual animal behaviour compared to human
observations and other technology. Additionally, accelerometers allow researchers to easily collect and
analyze large amounts of data.
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In sum, there is a critical need to understand the locomotor abilities and preferences of chickens
throughout all developmental ages in order to provide scientifically-based recommendations for aviary
design that will reduce the incidence of keel bone damage and other injuries. The objective of this thesis
was to understand how laying hens from 1 day of age till 37 weeks of age locomote within a complex
three-dimensional aviary. My first study (Chapter 2) observed locomotor development and preferences of
four different strains of laying hens chicks (LSL Lite, Dekalb White, Lohmann Brown and Hyline Brown)
in a complex aviary from 1-9 weeks of age. To examine potential differences in locomotor and perching
performance, I addressed the following questions: (1) do chicks perform more locomotive behaviour
events on the ground than on elevated surfaces?; (2) do chicks perform more locomotive and perching
events on horizontal surfaces than on inclined surfaces?; and (3) is there an age and/or strain dependent
difference in the performance of locomotive and perching events on (a) horizontal ground versus elevated
surfaces and (b) levelled surfaces vs. incline surfaces? The following was hypothesized: (1) chicks would
perform more locomotive events on the ground than on elevated surfaces because members of the
Phasianidae family are typically terrestrial (Tobalske and Dial, 2000), (2) chicks would perform more
locomotive and perching events on horizontal surfaces than on inclined surfaces due to being top heavy as
chicks, and (3) there would be age and strain dependent differences for (a) locomotion on horizontal
ground versus horizontal elevated surfaces and (b) for level versus incline locomotion and perching based
on previous research demonstrating age dependent three-dimensional perching (Appleby and Duncan,
1989) and strain differences (Faure and Jones, 1982). Based on previous reports in the literature (e.g.
Jackson et al., 2009), I expected that with increasing age and experience there would be an increase in
three-dimensional use (air, horizontal elevated and inclined surfaces) due to maturation of morphological
characteristics and cognitive abilities required to utilize the third-dimension.

My second study (Chapter 3) measured low-, moderate-, and high-intensity physical activities using triaxial accelerometers on three laying hen age classes: Young pullets (10-16 weeks of age); birds entering
the laying period (17-24 weeks of age); and mature hens (25-37 weeks of age) in an aviary system. To
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examine how physical activity develops in laying hens and to provide insight into aviary design, I
addressed the following questions: (1) overall, which activity level do birds spend most of their time
performing? (2) is there an age and/or strain dependent difference in performing low-, moderate-, or highintensity physical activity? And (3) can three-dimensional accelerometers and a Random Forest prediction
model accurately detect different intensities of chicken physical activity levels? It was hypothesized that
birds would allocate most of their time towards moderate physical activity levels (due to foraging) and
that there would be age and strain differences between the three physical activity categories. Specifically,
it was expected that high-intensity physical activity levels would decline with age due to birds being
energetically and physically occupied with egg laying and it was expected that brown-feathered birds
would perform more low-intensity physical activity compared to white-feathered hens due to having a
reputation of being calmer birds. Additionally, it was expected that the accelerometers and the Random
Forest prediction model would have a high accuracy based on previous research (e.g. Wang et al., 2015).
Understanding how chickens navigate an aviary from one day of age until maturity provides new insight
for the design and implementation for non-cage systems for laying hens of all age classes.
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CHAPTER 2: USE OF SPACE BY DOMESTIC CHICKS IN COMPLEX AVIARIES1
2.1 Highlights
•
•
•
•

The goal of this study was to determine how locomotor activities and environmental preferences of
growing chicks (1-9 weeks) change in a complex aviary
The aviary consisted of elevated horizontal platforms vertically connected via ramps, ladders and
perches
Chicks almost exclusively performed locomotive and perching events low to the ground where
surface use declined with increasing elevation
Chicks utilized elevated horizontal surfaces (low perch, bottom of ramp/ladder) as early as 2 weeks

2.2 Abstract
To improve the understanding of the development of locomotor capacity in layer hens, I measured how
female laying hen chicks (n = 120) of four different strains (LSL-lite, Hyline Brown, Dekalb White,
Lohmann Brown; 3 groups of 10 chicks per line) utilized the ground, the air, elevated horizontal
(platforms and perches) and inclined surfaces (ramps and ladders) in an aviary from one day of age until 9
weeks of age. I used infra-red video recordings to perform all-occurrences sampling of locomotive
behavioural and perching events within weekly 30-minute sampling periods. Chicks performed more
locomotive events on the ground (where bedding material, food and water were provided) during the first
week of life compared to weeks 5-9 (P<0.0001) and performed 52% of all behavioural events in this
section. Elevated surface use began at 2 weeks of age and increased over time (P=0.003), where most
behaviour was performed just above the ground (45% of all events). Chicks performed more locomotive
and perching events on horizontal surfaces than inclined surfaces, which were used from weeks 2-5 with
maximum use occurring during weeks 2 and 3. Lohmann LSL chicks used the space above the ground
most frequently (P=0.05) Overall activity levels declined with age (P<0.0001). In summary, layer chicks
almost exclusively locomoted on the ground but utilized elevated horizontal surfaces (low perches,
bottom of ramp/ladder) as early as 2 weeks. These results indicate improving space use in rearing aviaries
1

Submitted to Applied Animal Behavioural Sciences (No. Applan-D-15-333R1) with coauthors: Bret Tobalske, Candace Martins, Stephen Bowley, Hanno Wuerbel, and Alexandra
Harlander.
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can be accomplished by introducing low perches, platforms and ramps/ladders to accommodate agedependent locomotor abilities.

Keywords: Gallus gallus domesticus; Laying hen; Chicks; Locomotion; Aviary; Incline

2.3 Introduction

For most animals, the ability to move from one place to another is essential for survival (Higham, 2007).
Precocial birds, such as the chicken, at hatching are covered in down feathers, open their eyes and
predominantly rely on their mother for thermoregulation (Collias, 1952; King and Farner, 1961). Within
hours after hatching, however, they are able to run and walk on horizontal ground and display
independent activity (Schaller and Emlen, 1962; Muir et al., 1996).

Locomotion in caged systems is often restricted to two-dimensional movements on horizontal surfaces.
However, a natural environment with complex vegetation and topography includes inclined substrates
that extend into the vertical dimension, thereby allowing for locomotion of different types in all three
dimensions (Higham and Russell, 2010). The third dimension complicates movement by requiring more
intricate processing and interpretation of information (Jeffrey et al., 2013). In addition, this dimension
brings the added challenge of having to recruit the muscles to perform work against gravity (Roberts et
al., 1997) and control motion during descent when the leg muscles actively lengthen in eccentric
contractions (van Griethuijsen and Trimmer, 2009).

There is a general effect of body size on the use of inclined surfaces in the environment. Many animals
will move up slopes, climb steep branches, or navigate in the air to reach areas above the ground in order
to protect themselves from predators, aggressors, and unpleasant climatic conditions or to reach a high
value food resource (Hill and Hawkes 1983; Marzluff, 1988; Stewart et al., 2007; Kraft et al., 2014).
Terrestrial bipedal ground birds, such as the chicken, navigate elevated surfaces and aerial space mainly
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to escape predators (Drovetski, 1996; Tobalske and Dial, 2000; Dial, 2003b). The safety risk associated
with acquiring high valued resources above the ground could result in injuries and/or death, especially as
a consequence of falling (Hewlett et al., 1986).

For chicks to successfully navigate and minimize the risks associated with using the third dimension, they
must first achieve locomotor stability and equilibrium ability on the ground (balance, steady gait), a
process which may take up to seven days post-hatch (Muir et al., 1996; Muir, 2000). Performing
exaggerated locomotive behavioural events (play) may aid in refining the chicks’ locomotor abilities.
However, such behaviour is safest to perform on a large flat surface, not in a complex three-dimensional
system (Wells and Turnquist, 2001). Successful foraging abilities are similarly developed on the ground
during the first week of life, a process that is highly dependent on social interactions with the mother hen
in natural circumstances, or with same-age chicks in commercial settings (Collias, 1952; Suboski and
Bartahunas, 1984; Gajdon et al., 2001; Bourgon et al., 2014). Chicks in the wild also rely on the mother
hen for thermoregulation and protection, which requires remaining in close proximity to her for the first
week of life (King and Farner, 1961; McBride et al., 1969; Sherry, 1981). In the second week of life,
chicks begin to increase their distance from the mother hen and to explore the third dimension (Muir et
al., 1996; Wood-Gush, 1971).

When housing commercial hens for egg production, there are three common systems used: cages
(conventional or furnished), predominately two-dimensional non-cage floor systems, and threedimensional aviary systems. These systems differ in their environmental complexity in ascending order,
particularly in how much freedom of locomotion in the horizontal and vertical dimensions that they offer
to the birds. Complex environments allow for birds to express a full range of locomotion; however, they
can also increase the risk of keel bone damage in adult laying hens (up to 80% in adult birds; Wilkins et
al., 2011; Harlander-Matauschek et al., 2015), which may be detrimental to their welfare. One
overarching goal of my research is to improve the understanding of how to better design and manage noncage systems. Previous research in Gallus gallus domesticus studied perch use development and the
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implementation of perches into various housing designs (Appleby et al., 1988; Duncan et al. 1992;
Gunnarsson et al., 2000; Heikkilä et al., 2006; Wichman et al., 2007); however, the present research is the
first step in revealing how chicks locomote when given full access to the third dimension (perches,
platforms, ramps/ladders) from one day of age onwards. Jackson et al., (2009) demonstrated how juvenile
chukars, a wild-type species, utilize the third dimension to engage in escape behaviour; however, the goal
in the current study was to measure locomotive and perching behaviour in the third dimension of nondistressed domestic chicks.

Therefore, I measured the chicks’ use of horizontal surfaces (ground floor and elevated surfaces) and
inclined surfaces (ladders and ramps) within a complex three-dimensional environment (aviary) from one
day of age until 9 weeks of age. To examine potential differences in level and inclined locomotor
performance, I addressed the following questions: (1) do chicks perform more locomotive behaviour
events on the ground than on elevated surfaces?; (2) do chicks perform more locomotive and perching
events on horizontal surfaces than on inclined surfaces?; and (3) is there an age and/or strain dependent
difference in the performance of locomotive and perching events on (a) horizontal ground versus elevated
surfaces and (b) levelled surfaces vs incline surfaces? The following was hypothesized: (1) chicks would
perform more locomotive events on the ground level than on elevated surfaces because members of the
Phasianidae family are typically terrestrial (Tobalske and Dial, 2000), (2) chicks would perform more
locomotive and perching events on horizontal surfaces than on inclined surfaces due to being initially top
heavy (Berger et al., 2007), and (3) there would be age and strain dependent differences for (a)
locomotion on horizontal ground versus horizontal elevated surfaces and (b) for level versus incline
locomotion and perching based on previous research demonstrating age dependent three-dimensional
perching (Appleby and Duncan, 1989) and strain differences (Faure and Jones, 1982). Based on previous
reports in the literature (e.g. Jackson et al., 2009), I expected that with increasing age and experience there
would be an increase in three-dimensional use (air, horizontal elevated and inclined surfaces) due to
maturation of morphological characteristics, and of cognitive and motor control abilities required to
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properly utilize the third-dimension.

2.4 Materials and Methods
2.4.1 Ethical Approval
This study was approved by the University of Guelph Animal Care Committee (Animal User Protocol
Number 2501) prior to the chicks being hatched.

2.4.2 Animals and Housing
This study involved the use of 30 female laying hen chicks each of Hyline Brown, Lohmann Brown,
Lohmann LSL Lite, and Dekalb White (n=120) from hatch until 9 weeks of age, whose average weights
at 9 weeks were 888, 954, 815, and 776 g, respectively. The chicks were individually identified at one day
of age with plastic neck-tags printed with consecutive numbers (5 x 2 cm; Ketchum, Brockville, Canada)
and attached using 5-cm fasteners. They were placed into 12 identical aviary pens (10 chicks of the same
line per pen) at the Arkell Research Station in Guelph Ontario, Canada. Researchers were blinded to what
line of laying hen strain was in which pen to avoid biased results. Each pen (Fig. 2.1) (183 x 244 x 290
cm) (L x W x H) contained four elevated platforms, two on each side (122 x 31 at 70 and 160 cm above
ground), with a ladder leading up to the platforms on one side (245 x 18 cm, slope 45o, 8.8 cm distance
between rungs and 2.5 cm in diameter (Ø)), and a ramp leading up to the platforms on the other side
(same dimensions, slope and material as the ladder but with no gaps between rungs). The sides of the
ramp and ladder, respectively, were counterbalanced across the pens. On the ground was a small round
perch (87 x 1 cm (L x Ø); 5 cm off the ground) and a dark brooder (98.5 x 73 x 39 cm) containing a
heating pad (turned on during the first week of age), white curtains (to allow freedom of movement in and
out while providing complete darkness to mimic a mother hen), and two small round perches extending
past the brooder entrance (74 x 2.5 Ø x 15 cm off the ground). An elevated, spring mounted (to imitate
compliance of a tree-branch) perch spanning the width of the pen, was mounted 14 cm above the highest
platform towards the rear end of the pen, with the two halves of the perch different in diameter (2.5 cm Ø

11

vs. 5 cm Ø). The sides of the perch were counterbalanced across the pen based on the ramp and ladder.
Each of the pens contained thin white cardboard panels mounted onto the aviary's walls, which were used
as visual barriers to prevent chicks from observing and learning from chicks in adjacent/opposite pens.
Heights of perches and platforms, and the angles of the ramp/ladder were based off of commonly
observed heights in commercial laying hen aviary systems.
One Samsung SNO-5080R security camera (Samsung SNO-5080R, IR, Samsung Techwin CO., Gyeongido Korea) was mounted in each pen to record the chicks’ behaviour. At 4 weeks of age, the cameras were
moved to the top of the pen to capture the chicks using the entire pen. Thirty-minute video recordings
were taken of each pen, once per week (on different days of the week), seven hours after the lights had
turned on (5:00 h sunrise daily) using Samsung Net-I-Ware software (v1.41, Samsung Techwin CO.,
Gyeongi-do Korea). This recording schedule was selected in order to remain in the middle of the day
throughout the entire 9-week period while the light schedule was changing. The chicks were offered water
and food ad-libitum (grower feed from Arkell Poultry Research Station) via round metal feeders (38 Ø
cm), and five nipple drinkers, which were available on the ground. The floors of the pens were covered in
wood shavings. The chicks were provided with a 30-minute sunrise and sunset each day. The chicks were
provided with 23h of light on day 1, which gradually decreased over time to 10h in week 9.
2.4.3 Video Recording and Analysis
Videos were analyzed by one individual using Mangold Interact software (v9.7.4, Mangold International
GmbH, Arnstorf, Germany, 2014). The pens were visually divided into four sections: ground (S1); low
perch to first platform (S2; 15-69 cm); in-between the first and second platform (S3; 70-159 cm); and the
second platforms and high perch (S4; 160+ cm). Throughout the entirety of each 30-minute video, for a
total of 54h of video, each locomotive and perching event was counted as one occurrence until the chick
performed another locomotive or perching behaviour, which would be counted as a separate locomotive
or perching event. All chicks were observed in the video recording at the same time; however, the
researcher had the ability to pause and rewind to capture the locomotive and perching behaviour of each
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chick. Criterion was based on changes in locomotor or perching events (Ex. If a bird walks for 3 seconds,
stops for 2 seconds, and then begins to walk again, this would count as two locomotor events). Locomotor
events required a change in position within the pen, where perching required no change in position and
therefore perching and locomotor events could not simultaneously be recorded. Behavioural patterns were
individually counted for each section (S1, S2, S3 and S4) and for the ramp and ladder. Each section was
individually analyzed and behaviour was grouped into five variables: ground (S1) locomotion (walking,
running, or jumping on the ground); elevated locomotion (S2, S3, S4) (walking, running, or jumping on
surfaces above the ground, including ramp and ladder); aerial locomotion (behaviour performed inbetween two surfaces such as between two elevated surfaces or between the ground and an elevated
surface) which included jumping and controlled aerial ascent/descent (use of wings to guide transition)
(Dial, 2003a); behaviour performed exclusively on the ramp and ladder, and perching behaviour. Total
number of locomotive and perching events and the section (including ramp and ladder) the events were
performed in were summed per week. Results expressed as percentages were calculated by dividing the
total number of locomotive and perching events in a given section (Fig. 2.2 and 2.3) by the total number
of events in all sections, or by dividing the total number of specific behavioural events (aerial; Fig. 2.5)
by the total number of all locomotive and perching events, and multiplying by 100,to compute the relative
frequency of events per week.

2.4.4 Statistical analyses
Statistical analyses were performed using the generalized linear mixed model procedure (PROC
GLIMMIX) in SAS version 9.4 (SAS Institute Inc., Cary, NC, USA, 2012). Plots of studentized residuals
were used to assess normality and confirm the best fitting distribution. Full models with all fixed and
random effects were then fit to the appropriate distribution and model fitting criteria (AIC) were used to
select the best fitting model.
The frequencies of locomotive and perching behavioural events and behavioural events performed on the
inclined ladder/ramp or in the air for a group of 10 chicks within the 30-minute observation periods were
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tested for significant differences using a generalized linear mixed model procedure with a negative
binomial distribution. The line and week (age of chicks) and interactions were included as fixed effects,
and lines were nested within pens as a random effect. Parameters were estimated using LAPLACE
integral approximation (METHOD=LAPLACE). A first order autoregressive covariance structure
(TYPE=AR(1)) was used with pen as the repeated measure subject. All dependent variables (count
outcomes) were fit with log link (LINK=LOG) and denominator degrees of freedom were determined
using the residual method (DDFM=RESIDUAL) in the GLIMMIX procedure (Littell et al., 2006).
Planned comparisons using orthogonal contrasts were used to test for differences between the first week
during which the specific behaviour occurred and the following weeks using Fisher's protected t-test. The
least square estimates and their standard errors were converted to the data scale using the inverse link
(ILINK) option in the least square means (LSM) statement. The number of locomotive and perching
events are presented as LSM of ± standard error of the mean (S.E.M).

2.5 Results
The chicks chose to perform most locomotive and perching events on or close to the ground. During the
observation periods, an average of 52% of all locomotive events were performed on the ground (S1) and
46% of all locomotive and perching events occurred within S2, mostly because chicks started using the
low elevated perches after one week of age. Only 1.3% of all locomotive and perching events were
performed in S3 and 0.1% were performed in S4 across the entire 9-week trial (Fig. 2.2). Locomotive and
perching events that occurred on elevated surfaces (S2, S3, S4) increased over time from a total of 0% in
week 1 to 74% of all events in week 9. LSL Lite chicks performed the most locomotive and perching
events on elevated surfaces (Fig. 2.3). Locomotive and perching events on inclined surfaces
(ramps/ladders) peaked between weeks 2 and 5, while their use was not observed at all in the first week of
life as well as from week 6 to 9 (Fig. 2.4). Aerial behavioural events declined over time from 27% to 19%
of all locomotive events from weeks 2-9 (Fig. 2.5).
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2.5.1 Space use over time
Chicks performed locomotive events on the ground (S1) significantly (F1,72=75.8, P<0.0001) more during
their first week of life (33.7 ± 6.3) compared to weeks 5 (13.3 ± 2.7, P=0.001), 6 (15.8 ± 3.1, P=0.006), 7
(12.9 ± 2.6, P=0.0007), 8 (8.2 ± 1.7, P<0.0001) and 9 (7.1 ± 1.5, P<0.0001) (Fig. 2.2).
Locomotive and perching events were not performed in S2 during week 1 (Fig. 2.2); however, there was
no significant effect of week on the number of behavioural events performed during weeks 2-9 (F
1,64=0.65,

P=0.42). Behavioural events performed in S2 can be attributed to use of the low elevated

perches located within this section, which were used after the initial week of age. There was no effect of
week on the number of perching behavioural events during weeks 2-9 (F1,72=0, P=0.99).
Apart from weeks 2-5, chicks did not perform any locomotive or perching behavioural events on the
inclined surfaces of the ramp or ladder (Fig. 2.4). Ladder events (F 1,32=0, P=0.986) peaked in week 2,
while ramp events significantly (F1, 32=5.2, P=0.03) peaked in week 3. Ramp behavioural events
significantly (P=0.05) declined over time from 3.2 ± 1.4 in week 2 to 0.8 ± 0.5 in week 5.
Locomotor and perching behavioural events on elevated surfaces increased over time (F 1,64=9.4,
P=0.003) from 13.4 ± 2.5 in week 2 to 21.1 ± 3.8 in week 9 (P=0.08).
Chicks performed significantly more aerial behavioural events (Fig. 2.5) (behaviour performed between
two surfaces) (S1, S2, S3, S4); controlled aerial ascent/descent or jumping (F1, 64 =157.03, P<0.0001) in
week 2 (4.2 ± 1.2) compared to weeks 5 (0.02 ± 0.02, P<0.0001), 8 (0.5 ± 0.33, P=0.0001) and 9 (0.04 ±
0.05, P=0.001).
Overall activity levels (calculated based on the total number of locomotive events per week) demonstrated
a significant decline in locomotor behavioural events (F1, 72 =32.9, P<0.0001) from 33.2 ± 6.9 in week 1
to 11.2 ± 2.5 in week 8 (P=0.0007) and 14.8 ± 3.7 in week 9 (P=0.01).
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2.5.2 Behavioural differences between lines
Above the ground in S2, Lohmann LSL Lite chicks (27.9 ± 4.5) performed a higher number of locomotor
events (F3,64=4, P=0.01) (Fig. 2.3) compared to Dekalb White chicks (17.6 ± 2.9, P=0.05), Lohmann
Brown chicks (15.9 ± 2.6, P=0.02) and Hyline Brown chicks (12.7 ± 2.1, P=0.001).

Lohmann LSL Lite chicks (19.5 ± 2.5) performed locomotive and perching events on elevated surfaces
(S2, S3, S4) significantly more often (F3,64=2.7, P=0.05) than Lohmann Brown chicks (13.5 ± 1.9,
P=0.04), Dekalb White chicks (12.9 ± 1.7, P=0.02) and Hyline Brown chicks (12.1 ± 1.7, P=0.01).

Lohmann LSL Lite chicks (2.93 ± 3.22) performed significantly more aerial behavioural events (F3, 64
=29.77, P<0.0001) than Dekalb White chicks (1.35 ± 1.22, P=0.0145) and Lohmann Brown chicks (0.38
± 0.28, P<0.0001), and Dekalb White chicks performed significantly more aerial behavioural events than
Lohmann Brown chicks (P<0.0001).

2.6. Discussion
This study demonstrated chicks’ preference to perform locomotive behavioural events on and close to the
ground (S2) of an aviary with enhanced access to the third dimension of an aviary system given
horizontal and inclined elevated surfaces. S1 (ground) locomotive behavioural events declined over time
and chicks began to perform more locomotive and perching behaviour in the third dimension (S2) as early
as 2 weeks of age. Over time, the proportion of third dimension events (S2, S3, S4) increased, however
overall activity levels, as defined by changes/frequencies of locomotive events, declined. Overall, the
LSL Lite chicks performed more locomotive and perching events in the third dimension more than the
other three lines under these circumstances.
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2.6.1 Ground use (S1)
There are several explanations for why chicks performed 52% of all locomotive events on the ground.
Relevant resources, including food, water and a dark brooder (allowing for undisturbed rest), were
provided on the ground, which is also the largest horizontal surface of pen space available. Large leveled
space permits chicks to safely explore and experiment with exaggerated motions and play behaviour.
Extensive movements on the ground during the first few weeks of life gives chicks the experience they
require to refine their locomotor behaviour and to allow for muscle development that is essential to
navigate their environment as they mature (Brownlee, 1954; Muir et al., 1996; Muir, 2000). Furthermore,
through play behaviour and remaining in close proximity to other conspecifics, chicks are able to develop
successful foraging strategies and social skills (Collias, 1952; Suboski and Bartahunas, 1984; Gajdon et
al., 2001; Bourgon et al., 2014). Thus, remaining on the ground may be attributed to foraging, learning
indispensable locomotor skills and social opportunities.

There are also morphological explanations as to why chicks and chickens mainly reside on the ground.
Chickens have large and dominant hind limbs, which may be due to a trade-off associated with the ability
of precocial chicks to almost immediately walk and run, allowing for their leg muscles to build quickly
before forelimb maturation (Jackson et al., 2009; Heers et al., 2014). Their primary flight muscles are also
glycolytic and rapidly fatigue, only allowing small bouts of controlled aerial ascent/descent (Crabtree and
Newshome, 1972). Overall, these morphological characteristics lead to chickens being non-steady,
explosive fliers and maladapted for controlled aerial ascent and descent in complex environments, all of
which limits their safe use of vertical habitat.
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2.6.2 Elevated surface use (S2, S3, S4)
After week 1, chicks performed 46% of all locomotive and perching events in S2 mainly by utilizing the
perches. Gunnarsson et al. (2000) found that chicks began to use perches 10 cm above the ground at 8
days of age, and Riber et al., (2007) and Heikkila et al., (2006) found that chicks began to use perches 20
cm high during chicks’ second week of life. Under natural conditions, hens often lead chicks to low tree
branches during the day around 7 weeks of age to promote roosting behaviour (McBride et al., 1969). It is
likely that the low branches in the wild were much higher than the perches in the current study (15 cm off
the ground) prompting a later start date for perching in the wild. It is recommended to provide chicks with
easily accessible perches as soon as possible to allow them to gain the essential three-dimensional spatial
cognitive (ability to grasp the concept of the third-dimension) and locomotor abilities (stability, strength)
they require to navigate the third dimension (Faure and Jones, 1982; Gunnarsson et al., 2000). To further
address the benefits of early three-dimensional access, at 37 weeks of age the birds in the current study
were assessed for injuries and keel bone deformities; however, very few birds exhibited either (data not
presented). It is possible that the low incidence of keel bone deformities may be explained by aviary
design and/or that having access to three-dimensional space early in life provided the opportunity to
develop complex locomotion skills early in life, which in turn, may have decreased the likelihood of
injuries associated with learning these same skills at a later age. Other benefits of early access to perches
include: increased bone mineral deposition and bone strength (Enneking et al., 2012), improved muscle
composition by promoting endurance exercise (Holloszy et al., 1984; Levan et al., 2000), fewer floor eggs
later in life (Appleby et al., 1983, 1988; Colson et al., 2008), less cloacal cannibalism (Gunnarsson et al.,
1999), reduced contact with manure, and reduced fear and increased three-dimensional use (Brantsæter et
al., 2016).
There was an increasing trend in elevated surface (S2, S3, S4) use over time, where S3 and S4 were first
used at 4 and 9 weeks of age, respectively; however, only 1.3% and 0.1% of all locomotive and perching
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events were performed in these sections. Neither food nor water was provided in S2, S3 or S4, therefore
chicks were possibly reaching these higher areas to roost (Gunnarsson et al., 2000; Newberry et al., 2001;
Riber et al., 2007), due to social attraction (Washburn and deVore, 1961; Bertram, 1978; Hill et al.,
1986), to escape aggressive chicks (Tauson, 1984; Duncan, 1992;) or due to curiosity and exploratory
behaviour, which are connected with cognitive development (Lancy, 1996; Wells and Turnquist, 2001).
Studies have shown that chickens are highly motivated to access elevated areas to roost, where the highest
accessible area is preferred (McBride et al., 1969; Wood-Gush and Duncan, 1976; Olsson and Keeling,
2002; Schrader and Müller, 2009). Roosting is considered an anti-predator behaviour, providing a feeling
of security and can be observed during the first few days of life, where less escape behaviour is seen at
greater heights (Keeling 1997; Newberry et al., 2001). However, other research suggests that such antipredator behaviour in chickens is diminishing due to genetic selection with domestication (Hakansson and
Jensen, 2005).

The theory of genetic selection against anti-predator behaviour (three-dimensional use and perching) may
explain why all lines, except LSL lite, did not utilize S4 during the daytime (personal observations also
demonstrated that they did not use S4 at night either). Faure and Jones (1982) observed a strain effect
with perching behaviour, where White Leghorns, Rhode Island x Light Sussex cross hens, and Brown
Leghorn hens perched in decreasing order, respectively, suggesting perching behaviour has high genetic
variance. Furthermore, the Brown Leghorns in Faure and Jones’ study (1982) only perched on wire mesh,
refusing wood perches, indicating that perch material preferences may differ between strains. It is
possible that specific lines of chicks in the current study preferred different perching material and
generations of genetic selection might have affected specific strains’ motivation to perch. Genetic
selection might have affected perch use in relation to anti-predator behaviour (Newberry et al., 2001). For
instance, more fearful strains are likely to use perches differently than strains selected for calmer
behaviour. Additionally, morphological features such as claw and leg length, feathering, and weight may
have influenced strains’ different use of the third dimension. Strain preferences should be considered with
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housing design.
There are morphological reasons potentially accounting for the increasing use of elevated surface over
time. Initially when the chicks hatch, their tails, which are essential for support and balance for climbing
and controlled aerial ascent/descent, are short and almost non-existent (Norberg, 1986). Chicks also have
porous, fluffy feathers that inadequately aid in controlled aerial ascent/descent and balance especially
with wing assisted incline running (WAIR) (Dial et al., 2012; Heers and Dial, 2012). Additionally, they
have a centre of mass that is unlike a mature hens’ (Muir et al., 1996), toes that are small with uncurved
claws that hinder proper climbing (Norberg, 1986), and ground locomotive behaviour that is not yet
refined. These features likely constraint effective use of a complex three-dimensional environment (Muir
et al., 1996; Muir, 2000). Over time, many of these morphological characteristics begin to mature into a
more suitable state for controlled aerial ascent/descent and three-dimensional activity. However, it is
important to remember that biological features of the species (e.g. weight, easily exhaustible flight
muscles and dominant hind-limbs) limits three-dimensional locomotor capabilities, even at a mature age.

2.6.3 Incline surface use and aerial behaviour
Chicks were using the ramp and the ladder, during weeks 2-4 and 2-5 respectively. In wild chukars,
WAIR has been observed as early as 8 days of age to assist with accessing the third dimension and flight
development (Dial, 2003a). LeBlanc et al. (2016) found that domestic chicks performed WAIR at 50o
inclines but not at 40o inclines, and therefore it is possible the chicks in the currently study performed
WAIR on the ramp and ladder (45o) to help climb against gravity (Dial, 2003a). Chicks/infants are
initially top heavy, making it harder to descend than ascend, which may cause a challenging ramp/ladder
experience and thereby discourage further use for the rest of the trial until the birds obtain mature aerial
locomotive characteristics and abilities (Berger et al., 2006).

Aerial behavioural events along with overall activity levels (overall locomotive behavioural events)
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declined over time. A decrease in locomotive events over time has been observed in chickens as well as in
other species, including humans, to conserve energy (Sallis, 2000; Dial and Jackson, 2010). A general
biological pattern is that large size is associated with a decline in mass-specific power (e.g. Tobalske and
Dial, 2000; Jackson and Dial, 2011). However, with the decline in ramp, ladder and aerial behavioural
events, and an increase in the number of events performed on elevated surfaces, it is possible that the
chicks were reaching these higher sections and remaining there, making it difficult to capture ramp/ladder
and aerial locomotive events during the 30-minute video observation period.

Further studies are currently being completed to observe locomotor and three-dimensional preferences to
bridge the gap in knowledge of transitions in capacity amoung chicks, pullets, and mature laying hens.
Future research in adult laying hens kept in complex multi-tier environments should test the interactions
between physical impairments (keel bone damage, foot pad dermatitis, and poor feather cover) and
horizontal/incline surface preferences. In the current study, early access to the third dimension revealed
minimal injuries when the birds were 37 weeks of age compared to the high incidence often reported in
non-caged systems in previous studies (data not presented) (Wilkins et al., 2004; Harlander-Matauschek
et al., 2015). Implications of reducing injuries include improving bird welfare and health, feed
conversion, and egg output (Nasr et al., 2012; 2013). The implications of these results are that introducing
lower perches/platforms and ramps/ladders to rearing environments might improve welfare by training
chicks to use the third dimension during rearing and this may improve effective use of space later in life
as seen by previous studies (Appleby and Duncan, 1989; Brantsæter et al., 2016). However, I
acknowledge the limitations of this study. The time of day of the video recordings may have influenced
the performance of locomotive and perching events on the ground and in the third dimension. Although
video recordings were taken at several points throughout the day of the chicks in the current study,
analysis would have extended past the length of this degree. Future research should analyze several time
points throughout the diurnal cycle of a chick to grasp a complete understanding of their threedimensional use.
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2.7. Conclusions
I tested the use of habitat by chicks within a multi-tier environment. The main result was that chicks
performed more locomotive events on the ground, but from two weeks of age onwards the chicks
progressively increased the number of their locomotive and perching events on elevated surfaces. Events
on elevated inclines were observed during intermediate weeks. Three-dimensional access, such as low
elevated perches, platforms and ramps/ ladders, should be provided as early as possible, which may allow
for proper development and may prevent a high incidence of injuries observed later in life by
accommodating chicks’ basic locomotor abilities and removing flight as a requirement to access the third
dimension.
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Figure 2.1. Each experimental aviary provided a dark brooder, two platforms at each of two heights, a
ramp and ladder between the ground and the platforms and two perches. An infrared Samsung video
camera was fixed overhead.

23

100

0
0

0
0

0
0

0
1

0
6

0
0

0
0

1
4

32

39

37

53

54

64

64

69

100

68

61

63

46

40

36

36

26

1

2

3

4

6

7

8

9

Sec 3

Sec 4

0
0

90

Section Use (%)

80
70

0

60
50
40
30
20
10
0

5
Age (weeks)

Sec 1

Sec 2
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Figure 2.3. Total percentage of all behavioural events performed in each section throughout the 9-week
trial based on strain [a) Hyline Brown, b) LSL Lite, c) Lohmann Brown, d) Dekalb White]. Percentages
were calculated per number of events per week (n=30 for each graph).
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CHAPTER 3: DEVELOPMENT OF PHYSICAL ACTIVITY LEVELS IN LAYING
HENS IN THREE DIMENSIONAL AVIARES2

3.1 Highlights

•
•
•
•
•

The goal of this study was to determine physical activity levels of Gallus gallus domesticus from
10-37 weeks of age in an aviary using a tri-axial accelerometer
Birds allocated their time towards moderate-, low-, and high-intensity physical activity in
descending order
Pullets performed the most high-intensity physical activity and birds entering the laying period
expressed the lowest amount of low-intensity physical activity
Brown-feathered birds performed significantly less low-intensity physical activity than whitefeathered birds; therefore strain should be considered when designing aviaries.
Sufficient space should be provided to pullets to express high-intensity physical activity;
however, further research is required to understand the consequences of preventing certain
physical intensities

3.2 Abstract

The effects of environmental complexity upon activity levels in laying hens have important implications
for the proper design of aviaries to promote animal welfare. To improve the understanding of laying hen
locomotion patterns within complex three-dimensional aviaries (featuring inclined surfaces, elevated
platforms and perches), I measured low-, moderate-, and high-intensity physical activity levels of four
different laying hen strains (LSL-lite, Hyline Brown, Dekalb White, Lohmann Brown; 3 groups of 10
chicks per strain, n = 120) throughout three age classes [young pullets (10-16 weeks of age), birds
entering the laying period (17-24 weeks of age) and mature hens (25-37 weeks of age)]. Physical activity
levels were measured using tri-axial accelerometers to record four 30-minute samples per bird per week.
A random forest (RF) prediction model was created to objectively analyze raw X, Y, and Z acceleration
data. Throughout all age classes, birds allocated their time towards moderate-, low-, and high-intensity
physical activity in descending order. Overall, brown-feathered birds allocated less time towards low-

2

Submitted to Applied Animal Behaviour Science (No. Applan-D-16-121) with co-authors: Bret
Tobalske, Bill Szkotnicki, Dwight Springthorpe and Alexandra Harlander.
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intensity physical activity levels compared to white-feathered birds (P<0.0001). Young pullets expressed
the greatest level of high-intensity physical activity, which declined with increasing age (P<0.0001). The
lowest level of low-intensity physical activity was observed in birds entering the laying period (P=0.007).
The RF models’ overall classification accuracy was 98%. Accelerometers and RF proved to be successful
tools to objectively measure physical activity budgets in domestic birds. Future research should focus on
the application of accelerometers in commercial settings to determine low-, moderate-, and high-intensity
physical activity levels in commercial aviaries.

Keywords: Physical activity, locomotion, development, aviary, accelerometer, laying hens

3.3. Introduction

Physical activity, defined as any bodily movement produced by skeletal muscle that requires energy
expenditure (Caspersen et al., 1985), reflects both health and development and can be influenced by
numerous factors. In children, one of the main factors that influences physical activity levels is the
freedom of movement provided by their environment (Joens-Matre, 2008; Coe et al., 2014). Research has
shown that an open environment provides more space, freedom, and opportunity for children to engage in
more moderate-to-vigorous physical activity compared to smaller, enclosed environments (Coe et al.,
2014). Environment is therefore an important factor in the physical activity levels of children.

Similarly, the environment may also be an important factor of the intensity of physical activity levels in
laying hens in commercial systems. The environment within which laying hens are placed can adversely
impact their welfare, especially if it does not provide adequate space for the performance of a full
behavioural repertoire (Webster and Nicol, 1988; Ewbank, 1999). Currently, it is estimated that 90% of
all laying hens worldwide are in conventional caged systems (United Egg Producers, 2016) where
locomotion and movement are limited (0.04 m2 of floor space/bird recommended for cages in the USA;
United Egg Producers, 2016). Retailers, food chains, and the public are pushing for egg farmers to switch
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from cages towards systems, such as aviaries, that offer hens more freedom of movement (0.17-0.19 m2
square inches of floor space/bird recommended for non-caged systems with litter; CARC, 2003).
However, aviary systems have some disadvantages. Hens kept in aviary systems have a high incidence of
injuries such as keel bone damage (Up to 80%; Wilkins et al., 2011; Harlander-Matauschek et al., 2015),
which may be due to colliding with substrates in the system (Gregory and Wilkins, 1996; Moinard et al.,
2004). Unfortunately, we have limited objective information about physical activity of laying hens to
properly design non-caged systems; data are lacking for locomotion in all stages of life: young pullets,
birds entering the laying period, and mature hens. Information on laying hen physical activity levels may
provide insight on how to properly prepare birds for, and design, non-caged, three-dimensional systems.

One commonly used tool to objectively measure physical activity levels is the accelerometer.
Accelerometers are a cost-effective, lightweight sensor that, when attached to a bio-logger, can
continuously identify changes in velocity in all three dimensions (X, Y, Z; Brown et al., 2013). These
data may be integrated with respect to time to provide insight into velocity, or, in the case of my study,
validated with video and then modeled to provide indices of the intensity of activity (Wang et al., 2015;
Hammond et al., 2016). Modern accelerometers are small enough to mount on an animal without
impeding its normal locomotion and permit accurate detection of in three-dimensions (Shepard et al.,
2008). Continual sampling from a mounted accelerometer reduces observer bias and influence during
recordings of locomotion. Previous research has used accelerometers on chickens to determine a subset of
behavioural events and resource use (Quwaider et al., 2010; Banerjee et al., 2012; Daigle et al., 2012),
and to understand energy expenditure and oxygen consumption when placed in a respirator (Halsey et al.,
2009). The goal of the current study is to measure laying hen physical activity with the ultimate goal to
improve the physical environment of commercial aviaries in the future and thereby promote better animal
welfare.

In this study, I measured the physical activity intensities of four strains of laying hens according to three
categories (low-, moderate-, and high-intensity physical activity) within a large complex three-
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dimensional environment (aviary: 0.45m2 of floor space/hen, 0.68m2 of floor space and three-dimensional
surface space/hen) over three age classes: young pullets (10-16 weeks of age); birds entering the laying
period (17-24 weeks of age); and mature hens (25-37 weeks of age). To examine how physical activity
develops in laying hens and to provide insight into aviary design, I addressed the following questions: (1)
overall, which activity level do birds spend most of their time performing? (2) is there an age and/or strain
dependent difference in performing low-, moderate-, or high-intensity physical activity? And (3) can
three-dimensional accelerometers and a Random Forest prediction model accurately detect different
intensities of chicken physical activity levels? It was hypothesized that birds would allocate most of their
time towards moderate physical activity levels (due to foraging) and that there would be age and strain
differences between the three physical activity categories. Specifically, it was expected that high-intensity
physical activity levels would decline with age due to birds being energetically and physically occupied
with egg laying and it was expected that brown-feathered birds would perform more low-intensity
physical activity compared to white-feathered hens due to having a reputation of being calmer birds.
Additionally, it was expected that the accelerometers and the Random Forest prediction model would
have high accuracy of physical activity detection based on previous research (Ex. Wang et al., 2015).

3.4 Materials and Methods
3.4.1 Ethical Approval
This study was approved by the University of Guelph Animal Care Committee (Animal Use Protocol
Number 2501) prior to testing.

3.4.2 Animals and Housing
This study involved the use of 30 female laying hens each of Hyline Brown, Lohmann Brown, Lohmann
LSL Lite, and Dekalb White (n=120) from 10 till 37 weeks of age. Housing and animal care are as
described by Kozak et al., (2016).
The birds were fitted with a “backpack” 10 days prior to the start of the experiment, where mounts
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(consisting of either a data logger or a dummy data logger (6g)) were constructed from plastic (5 x 2 x 0.9
cm; 2g) and attached to the birds back using a soft, 1mm thick, t-shirt knit as straps to wrap around each
wing (Fig. 3.1a). At 18 weeks of age, the knit straps were removed and the mounts (containing the data
logger or the dummy weight) were attached onto silicone “backpacks”, which consisted of two silicone
squares (14.5 cm x 6 cm x 0.2 cm; 56g) that sat on the back of the bird, and two soft flexible, plastic
clothes-line wires that wrapped around the wings and attached to the squares via eyelets (Fig. 3.1b;
Harlander-Matauschek et al., 2009). Each backpack was randomly assigned one of 10 colours or designs
for identification purposes (red, pink, green, yellow, black, blue, cheetah, orange, rainbow, or grey),
where each pen had all ten colours.
3.4.3 Trial data collection and analysis
At the beginning of an observation period, the chicken was equipped with an activated data logger
configured to acquire and record accelerometer data at 10 Hz. Twenty birds per day (2 pens, 10 birds/pen;
N=20 birds per day) had data continuously logged for four, 30 minute intervals every two hours (5:306:00AM, 8:00-8:30AM, 10:30-11:00AM, and from 1:00-1:30PM). Data loggers were added to the backs
of the birds 15 hours before (2:30PM the day before) the first recorded time sample of the day (5:30 AM).
The time slots were selected based on caretaker availability and their requirements to access our research
room during the trial. Recording finished at 1:30pm to allow for researchers to download data logger
information, charge and switch the devices daily before the lights turned off. Completed sample series
were logged to the microSD card (4GB SanDisk; SanDisk Corporation, Milpitas, CA, USA, 2013), which
was retrieved daily. Data logger recordings were obtained on a weekly basis. Data were analyzed based
on three age classes: young pullets (10-16 weeks of age), birds entering the laying period (17-24 weeks of
age) and mature hens (25-37 weeks of age) (McKeegan et al., 2001). Physical activity was categorized
into three groups: 1.Low-intensity: The bird is stationary (sitting or standing), but may perform small
postural changes/movements particularly with the head/neck/shoulders. The bird can be alert or may close
eyes; 2.Moderate-intensity: The bird is performing activities, which can include upper/whole body
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movements, and may involve small (1-3 steps) changes in location; and 3.High-intensity: The bird is
performing behavioural events that usually involve whole body movement and a change in location
(Table 3.1). A RF model was used to predict activity levels of each data set collected, to create daily
estimated physical activity level time-budgets in a three-dimensional aviary.
3.4.4 Accelerometers
Physical activity levels in all three directions were captured as acceleration data using 20 customdesigned data acquisition data loggers (4.5 x 2 x 0.5 cm; DAQpack; Corvus Scientific, Albany CA, USA).
This device included a programmable microcontroller (ATMEGA328p; Atmel, San Jose CA, USA)
running custom acquisition code, a micro-electromechanical (MEMS) 3-axis accelerometer (configured
for +/- 8 g and 10Hz; IvenSense, Sunnyvale CA, USA) and a lightweight, rechargeable lithium-polymer
battery (Powerstream Technology, Orem UT, USA). The data acquisition system was attached to a
custom mount and attached to the chicken using the aforementioned backpack. These devices had a total
mass of approximately 6g (52g after adding to the silicone backpacks), which was never more than 2% of
any subjects body mass. Identical weight “dummy” backpacks were placed concurrently on all birds that
were not being tested.

3.4.5 Accelerometer validation and Random Forest Prediction Model
A Random Forest prediction model was used to determine if the birds were performing low-, moderate-,
or high-intensity physical activity based on the raw X, Y, Z (dorsoventral, mediolateral, and craniocaudal,
respectively) signals collected by the accelerometers throughout the trial. A random forest © (RF)
(Breiman, 2001) is a machine-learning algorithm that has the capacity to predict unknown data by
detecting patterns with known data. In order to train the RF, validated X, Y and Z acceleration signals
were required.

Our first validation model involved observing 2.5 hours of video (JVC GC-PX100, Full HD Everio
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Camcorder, JVC America Corp., NJ, USA) of 17 chickens instrumented with data loggers running at
10Hz and +/- 8 g. Video recordings consisted of brown and white-feathered birds, throughout all age
classes, performing individual behavioural events as reported in Table 3.1. Video recorded behaviour was
matched, frame-by-frame, with the corresponding raw X, Y, and Z signals from the accelerometer to
generate annotated acceleration datasets. Validation of data took several weeks to complete. However,
using individual behavioural events for validation created larger error rates than expected, where
misclassification ranged from 1.2% for standing to 24% for jumping detection. In order to reduce error
rates, a second validation model was created where the same videos and corresponding accelerometer
signals were re-analyzed to group physical activity into three categories of intensity as similarly observed
in Wang et al. (2015): 1) Low-intensity, 2) Moderate-intensity, and 3) High-intensity physical activity.

Random forest creates predictions based on a collection of unpruned decision tress. Each decision tree is
constructed from bootstrap samples from the training data, where the data is randomly selected. Each
decision tree makes an independent prediction of whether the bird is performing low-, moderate-, or highintensity physical activity levels based on the patterns obtained from the training data and the 25 variables
(Table 3.2). The majority of predictions from all trees determine the final prediction. A sliding 4-second
time window on the full accelerometer signals (X, Y, and Z) was used to develop a Random Forest
prediction model for predicting the known and validated activity at the midpoint of the window using a
set of explanatory variables (Table 3.2), which were derived from the 3 signals (X, Y, Z) in the time
window. Shorter and longer windows were piloted and through trial and error, a length of 4 seconds was
chosen as the shortest window with maximal accuracy.

RF models were explored with 500, 1000, and 1500 trees respectively, and it was concluded that there
was no significant accuracy improvement beyond 500 trees. Activity levels in each 4-second window
were calculated by summing the predictions from the 500 trees of the RF model. The prediction model
was thus constructed similar to Wang et al. (2015). The random forest was developed using the R package

34

(R Foundation for Statistical Computing, Vienna, Austria) bigrf by Aloysius Lim (Lim et al., 2015).

The accuracies obtained (overall, low-, moderate-, and high-intensity physical activity) for a balanced
random forest with 500 trees trained on 28823 examples with 25 variables were 98%, 97.76%, 97.84%,
97.21% respectively (Table 3.3). The low error rate suggests that grouping behavioural events together to
predict physical activity levels was successful (Wang et al., 2015; Hammond et al., 2016). The three
variables that were the most accurate in predicting behavioural categories based on the raw accelerometer
signals were 1) standard deviation of the overall body dynamic acceleration in the x direction
(ODBAXSD); 2) the standard deviation of the magnitude (SDM); and 3) the amplitude of the overall
magnitude (AMAMP). The ODBAXSD is important because with the X direction, the data logger (bird)
is moving front to back, indicating a change in location. Furthermore ODBA increased with increasing
stride frequency, indicating a higher acceleration movement and a change in location (Miwa et al., 2015).
The three levels of intensity of activity can be separated based on the magnitude of change in location,
making OBDA the most important variable for predicting intensity of activity. The SDM can be defined
as how much movement was occurring in X, Y, and Z simultaneously, where direction is irrelevant. SDM
has shown to be higher during mobile than non-mobile behavioural events, separating the three
behavioural categories based on the magnitude of accelerations, which is related to the level of mobility
(Wang et al., 2015). The AMAMP helps estimate intensity of activity as it is the dominant power
spectrum of the magnitude, which is linked to the periodicity of movement (Wang et al., 2015).

After validating the RF model, the 4-second sliding window, 25 explanatory variables, and the 500
decision tress of the RF model were used to predict if each bird was performing low-, moderate-, or highintensity physical activity every 0.06 seconds from the data collected during the trial (non-validated data).
To determine physical activity intensity percentages, the total time spent performing each of the three
levels of intensity was divided by the total time period and multiplied by 100.
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3.4.6 Statistical Analysis
Statistical analysis was performed using the generalized linear mixed model procedure (PROC
GLIMMIX) in SAS version 9.4 (SAS Institute Inc., Cary, NC, USA, 2012). Plots of studentized residuals
were used to assess normality and confirm the best fitting distribution. Full models with all fixed and
random effects were then fit to the appropriate distribution and model fitting criteria (AIC) were used to
select the best fitting model.
The percent of time spent performing low, moderate and high physical activity levels were averaged per
bird/day/age class and were subject to a generalized linear mixed model procedure using a beta
distribution. The strain and age class (age of birds) and interaction were included as fixed effects, and age
class as a random effect. First order autoregressive covariance structure (TYPE=AR (1)) was fit for the
low and moderate physical activities data and compound symmetry (TYPE= CS) was fit for high physical
activity with bird ID as the repeated measure subject. All dependent variables were fit with logit link
(LINK=LOGIT) and denominator degrees of freedom were determined using the Kenward-Roger method
(DDFM=KR) in the GLIMMIX procedure (Littell et al., 2006). Results are presented as LSM ± standard
error of the mean (S.E.M).

3.5 Results
Throughout all age classes, birds allocated their time towards moderate-, low-, and high-intensity physical
activity in descending order. However, for each physical activity level, there were peaks at different age
classes.

Young pullets (10-16 weeks of age) expressed the greatest level of high-intensity physical activity, which
declined as the birds entered the laying period (17-24 weeks of age) and mature hens (25-36 weeks of
age). The minimum level of low-intensity physical activity was exhibited by birds entering the egg-laying
period (17-24 weeks of age). Overall, brown-feathered birds (Lohmann Brown and Hyline Brown)
allocated less time towards low-intensity physical activity compared to white-feathered birds (LSL-Lite
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and Dekalb White).

3.5.1 Behaviour changes with age classes
There was an age effect (Fig. 3.2) (F 2, 348=4.92, P=0.007) where birds spent the least amount of time
performing low-intensity physical activity when entering the laying period (20.3 ± 0.6%) compared to
young pullets (22.25 ± 0.7%, t348=1.98, P=0.04) and mature hens (23.39 ± 0.7%, t348=-3.11, P=0.002).

Age also affected moderate-intensity physical activity (F 2, 235.7=3.19, P=0.04), where young pullets
performed significantly less time in this category (68.76 ± 0.8%) compared to older birds entering the
laying period (71.79 ± 0.8%, t201.2=-2.46, P=0.014). Additionally, young pullets tended to spend less time
performing moderate-intensity physical activity (70.84 ± 0.8%, t347.8=-1.7, P=0.09) compared to older
mature hens.

The percentage of time spent performing high-intensity physical activity declined with age (F 2, 232=65.65,
P<0.0001), with significant differences between young pullets (8.87 ± 0.3%) and birds entering the laying
period (6.94 ± 0.2%, t232=4.78, P<0.0001). There was a significant difference between young pullets and
mature hens in regards to high-intensity physical activity (4.89 ± 0.2%, t232=11.41, P<0.0001). Birds also
spent significantly more time performing high-intensity physical activity when entering lay compared to
mature hens (t232=6.63, P<0.0001).

3.5.2 Behaviour differences between strains
Strain affected low-intensity physical activity (F 3, 348=7.22, P=0.0001), where Lohmann LSL Lite (23.8 ±
0.8) birds spent significantly more time performing low-intensity physical activity than Hyline Brown
(20.9 ± 0.7, t348=-2.45, P=0.01) and Lohmann Brown (19.4 ± 0.7, t348=3.85, P=0.0001) birds (Fig. 3.3).
Similarly, Dekalb White birds (23.8 ± 0.8) spent significantly more time performing low-intensity
physical activity than Hyline Brown (t348=-2.46, P=0.01) and Lohmann Brown (t348=-3.86, P=0.0001)
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birds.

Additionally, Lohmann Brown (72.4 ± 0.9%) birds spent significantly more time performing moderateintensity physical activity than Lohmann LSL Lite (69.9 ± 0.9%, t158.3=-2.32, P=0.02) and Dekalb White
(69.3 ± 0.9%, t158.2=2.31, P=0.02) birds (F 3, 158.2=2.39, P=0.07). Hyline Brown birds (70.6 ± 0.9%)
performed more moderate-intensity physical activity than Lohmann LSL Lite (t158.2=0.89, P=0.37) and
Dekalb White birds (t158.2=0.88, P=0.37), however these differences result were not statistically
significant.

3.6 Discussion
Accelerometry data provided new insight into the locomotor activity budgets of domestic chickens, which
may prove useful for future aviary design. In all age classes and strains, birds performed low-, moderate-,
and high- intensity physical activities; however, frequencies of different intensities peaked at different
times among age classes and between brown-feathered and white-feathered birds. These results suggest
the patterns of physical activity during development are affected by behavioural motivation and
physiological state and such patterns indicate age-dependent functions for activity.
High-intensity physical activity involves an extensive range of behavioural patterns, many of which
require space. These movements are performed by birds of all age classes and can be linked to biological
functions such as escaping from aggressors, and reaching elevated surfaces to rest upon by running,
jumping, or aerial ascent/descent (Blokhuis, 1984; Duncan et al., 1992). High-intensity physical activity
also includes actions for body maintenance and comfort, such as feather shaking, or simply flapping
wings to stretch them (Foelsch and Vestergaard, 1981). The amount of space provided to domestic
chickens influences the behaviour patterns they are able to perform. Chickens with larger enclosures
perform more movement than those in smaller enclosures, and are able to locomote in order to disperse
from other conspecifics during behavioural events such as foraging (Leone and Estevez, 2008).
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Young pullets (10-16 weeks of age) expressed the greatest level of high-intensity physical activity, which
decreased to lower levels as the birds matured and entered the laying period. One explanation is that
younger animals generally move faster and with greater intensity than older animals. Because pullets are
not in nutritional stress while not in lay, they may perform more high-intensity physical activities as they
learn and explore their environment. Young birds tend to perform more exaggerated movements as well,
since they have not yet refined and honed their abilities. In general, quick and energetic locomotor
patterns are most prevalent in juveniles (Bekoff and Byers, 1998). Dial and Jackson (2011) demonstrated
that juvenile Brush Turkeys had greater locomotor capacity than adults, reflecting a general pattern
among Galliforms. These behavioural patterns may influence the expression of (low-, moderate-, highintensity) locomotive behaviour in conspecifics. McBride (1969) observed that pullets are aroused by the
sight of other pullets running which leads to a large group of pullets running together. Considering that
high-intensity physical activity in pullets could be the expression of interactions between conspecifics,
these movements could also establish or maintain hierarchy amongst pullets. A reduced level of highintensity physical activity was also observed in mature hens. A possibility is that the decline in highintensity physical activity with age may reflect maturation of the brain and peripheral mechanisms (Lytle
and Keil, 1973).
Birds in all age classes allocated most of their time towards moderate-intensity physical activity. Most
moderate-intensive activities (Table 3.1) involved interactions of the beak and hind limbs with objects
such as the litter substrate (litter pecking, foraging behaviour), nest boxes (nest inspection), feathers
(preening), feeders (feed pecking) and nipple drinkers (drinking). Collectively, these objects (provided on
the ground level) constitute the basic resources that birds require from their environment for survival and
comfort. A complex combination of internal and external stimuli—such as circadian rhythm, the presence
of the litter, and social interaction with other birds—are factors that could have influenced the birds to
perform specific moderate physical activities such as dust bathing, foraging, and exploring (Wood-Gush,
1959; Wood-Gush, 1989; de Jong et al., 2006; Mills and Marchant-Forde, 2010; Webster, 2011). In
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particular, birds entering the laying period spent more time performing moderate-intensity physical
activity than young pullets. This could be explained by an increased motivation of the birds to search for
and access a secluded nest site to lay an egg (Riber, 2010; Hunniford and Widowski, 2016).
Over all age classes, birds allocated 22% of their overall physical activity budget for low-intensity
physical activities, characterized by sitting, resting or perching behaviour (including small neck or head
movements). Young pullets and mature hens allocated more time to low-intensity physical activity
behaviour patterns than birds entering the laying period. In the present study, resting and perching could
have occurred close to the ground (in nest boxes) as well as on elevated surfaces (ramps, ladders and
perches). It might be that young pullets and mature hens perform more low-intensity physical activity
behaviour patterns (rest) than birds entering the laying period because the birds are either recuperating
energy after short bursts of high-intensity physical activity levels (pullets) (Oswald, 1962; Arnold, 1985;
Malleau et al., 2007) or are resting after/while laying an egg (Lee, 1996; Williams and Ternan, 1999;
Riber, 2010). In comparison, at the beginning of lay, birds are exploring the environment, leading to less
time in low-intensity physical activity and more time in moderate-intensity activity (Cooper and Appleby,
1996; Ringgenberg et al., 2015; Hunniford and Widowski, 2016).
Brown-feathered birds (Hyline Brown and Lohmann Brown) expressed significantly less low-intensity
physical activity compared to white-feathered birds (LSL-Lite and Dekalb White). In a previous study
conducted with the same group of birds as the present study (Kozak et al., 2016; Chapter 2), whitefeathered chicks utilized three-dimensional perches and surfaces more than brown-feathered chicks.
Consistent with this finding, brown-feathered birds in the current study mainly used the floor to rest (data
not presented). Previous research by Olsson and Keeling (2000) observed that hens resting on the ground
or in nest boxes compared to hens resting on perches were more disturbed and performed more
behavioural changes. Thus, the frequency of disturbances on the floor may have reduced the amount of
low physical activity by brown-feathered birds but not white-feathered birds. Additionally, previous
research has shown strain differences with nest preferences. It is possible that brown-feathered birds in
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the current study had different nest preferences, increasing their searching behaviour and in turn
decreasing low-intensity physical activity levels (Wood-Gush, 1972; Wood-Gush, 1975; Freire et al.,
1996).

The data logger accelerometry and RF prediction model in the current study had a higher accuracy rate
(98%) than reported by previous studies (70-90%) in Gallus gallus domesticus (Quwaider et al., 2010;
Banerjee et al., 2012; Daigle et al., 2012). It is likely that these previous studies had lower accuracy
prediction rates due to using different prediction models, measuring acceleration in only the X and Y
directions, and/or not grouping individual behavioural events together. Furthermore, the placement of
sensors on the backs of chickens due to stability and size allows for behavioural events such as preening
and shaking to interfere with the detection of other behavioural events due to the multiple frequencies
contained in these behavioural events. However, placing the data logger on the back of a chicken allows
for the detection of full body movement, and not just locomotive movements especially compared to leg
placement (Dalton et al., 2016). It was determined in the current study, and in recent studies done with
large (pumas; Wang et al., 2015) and small animals (chipmunks; Hammond et al., 2016) that grouping
behavioural events together, compared to predicting individual behavioural events, creates higher
accuracy rates while still providing highly valuable information. Such valuable information obtained by
the data loggers and the grouping of behavioural events into low-, moderate-, and high-intensity physical
activity events can further our understanding of how individual birds navigate their environment based on
age, strain and health status as shown for cats (Guillot et al., 2013). However, I acknowledge limitations
of these accelerometers, such as the time required to validate, different positioning of the data logger on
the body can produce different acceleration frequencies, and the trade-off between size and battery life
(Rushen et al., 2012).
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3.7 Conclusions.
My study provides novel insight into the physical activity levels of developing and mature layer hens,
which should be useful in the design of new aviaries that promote animal health. Birds allocated most of
their time towards moderate-intensity physical activity, followed by low-, and high-intensity physical
activity. Young pullets performed the greatest amount of high-intensity physical activity, which declined
with increasing age; this may be a general trend among Galliform birds, but this hypothesis merits further
comparative studies. Birds entering the laying period expressed a higher level of moderate-intensity
physical activity compared to young pullets, which may be attributed to an increased performance of nestsearching behaviour. Low-intensity physical activity was prevalent in young pullets and mature hens
compared with birds entering the laying period, which may reflect a trade-off between time invested selfmaintenance versus searching for resources in preparation of laying. Brown-feathered birds performed
less low-intensity physical activity compared to white-feathered birds, which may have been associated
with brown-feathered birds’ lack of use of three-dimensional space (elevated perches and platforms) in
the aviaries. Taking into account age and strain effects upon activity budgets in laying hens may
ameliorate demands that commercial aviaries place upon them. Future research should focus on the use of
accelerometers in commercial settings, determining activity budgets as a function of aviary design.
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a)

b)

Figure 3.1 Data logger “backpack” attachements for a) birds from 10-18 weeks of age and b) birds from
18-37 weeks of age.
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Figure 3.2 Percentage of time spent performing low-, moderate-, and high-intensity physical activity
according to age class of domestic chicken. Shown are least square means +/- standard error of the mean.
Statistical significance is represented by connecting brackets within intensity level (low-intensity,
P=0.007, moderate-intensity, P=0.04; high-intensity, P<0.0001).
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Figure 3.3 Percentage of time spent performing low-, moderate-, and high-intensity physical activity
levels based on strain. Shown are least square means +/- standard error of the mean. Statistical
significance is represented within intensity level (low-intensity, P=0.0001, moderate-intensity, P=0.07).
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Table 3.1 Manually scored behavioural events were collapsed into the three intensities of physical
activity categories (low, moderate, and high) for the Random Forest machine-learning training.

Low-intensity

•

•

•
•
•

•
•
•

Sleep like resting (neck
tucked into feathers of
back, breast or wingawake)
Neck shortening resting
(neck retracted in U
shape)
Sleeping
Quiet sitting/standing
Small postural
head/shoulder/neck
movements
Perching
Egg laying
Side-laying phase of dust
bathing

Moderate-intensity

•
•
•
•
•
•
•
•
•
•
•

•

•

Preening
Foraging (ground
scratching, pecking)
Eating
Drinking
Small wing adjustments
Scratching
Stretching
Head shaking
Feather fluffing
Pecking
Searching behaviour
(small steps, up and down
head movement)
One to two slow steps
(minimal distance
covered)
Scratching behaviour of
dust bathing

High-intensity

•
•

•
•

•
•
•

Walking (head/neck
bobbing involved)
Running (Neck stretched
forward, no head bobbing;
Kruijt, 1964)
Jumping
Wing flapping (With or
without change in
location. Can be combined
with any above
behavioural events)
Controlled aerial
ascent/descent
Full-body shaking
Shaking phase of dust
bathing
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Table 3.2 Explanatory variables extracted from raw accelerometer data (10Hz) used in the random forest
models (Wang et al., 2015). All variables are for the 4-second window except raw acceleration.

Explanatory Variable
Raw acceleration

Variable Names
X, Y, Z

Acceleration means

AXMN, AYMN, AZMN

Acceleration standard
deviations
Magnitude

AXSD, AYSD, AZSD

Energy

AXEN, AYEN, AZEN

Standard deviation of M

MSD

Amplitudes (of dominant
frequency)

AXAMP, AYAMP, AZAMP,
AMAMP

Dynamic body acceleration X,
Y, Z

ODBAX, ODBAY, ODBAZ

Overall dynamic body
acceleration
Standard deviation of
ODBAX, Y, Z

ODBA = Sum of ODBAX, Y,
Z
ODBAXSD, ODBAYSD,
ODBAZSD

M

Definition
The raw acceleration at the
centre of the 4-second window
Average of all samples within
the 4-second window
Standard deviation of the three
axes in the window
Square root of the sum of the
squares of the acceleration in
the three axes at the midpoint
of the window
Sum of the squares of the
magnitude of frequencies of
the fast Fourier decomposition
of the three axes
Standard deviation of M over
the 4-second window
The amplitude or absolute
value of the dominant or
largest frequency
of the fast Fourier
decomposition of each axis
over the 4-second window
Dynamic acceleration
(obtained by subtracting the
static acceleration from the
raw acceleration signal)
Combines the dynamic
acceleration of all three signals
Standard deviation of the
dynamic acceleration over the
4-second window
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Table 3.3 Cross validation of actual (based on annotated acceleration data sets that were created via
videos; rows) and predicted (based on the trained Random Forest model; columns) of physical activity
intensities from all age classes. Numbers represent the 28823 examples of low-, moderate-, high-physical
activity intensity levels from the validation data.

Low-intensity
physical activity
(Actual; Video)
Moderateintensity physical
activity
High-intensity
physical activity

Low-intensity
physical
activity
(Predicted; RF)

Moderateintensity
physical
activity

High-intensity
physical activity

Percent
accurate

18567

329

95

97.76%

160

7728

10

97.84%

39

15

1880

97.20%
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CHAPTER 4: GENERAL CONCLUSION AND IMPLICATIONS
Currently, a lack of information exists of how to design aviary systems for laying hens of all age classes
based on their locomotor abilities. Understanding the locomotor patterns of laying hens and how they
navigate their environment provided to them is essential. This provides information if in the future we
aim to design housing systems that allow for species-specific behaviour and thereby maximize animal
welfare (Leone and Estevez, 2008). The focus of the current study was to investigate the development of
locomotor patterns and levels of physical activity of four different strains of laying hens (LSL Lite,
Dekalb White, Lohamnn Brown, Hyline Brown) in complex three-dimensional aviary systems from day
one post-hatching until 37 weeks of age.

In Chapter 2, I measured how laying hen chicks from 1-9 weeks of age locomoted in a multi-tier aviary.
The main result was that chicks primarily locomoted on the ground. With increasing age, chicks
progressively performed more locomotive and perching behaviour on elevated surfaces, and utilized
inclined surfaces during intermediate weeks. Aerial behaviour declined with increasing age. LSL Lite
chicks utilized elevated surfaces more than all other lines. Based on the results, it was concluded that
chicks should be provided with easily accessible three-dimensional surfaces to allow proper development
as demonstrated in previous research (Appleby and Duncan, 1989; Brantsæter et al., 2016). While
providing three-dimensional surfaces at an early age assists with locomotor and cognitive development,
providing a direct route to the third dimension (ramps/ladders) focuses on laying hens’ biological abilities
and removes flight as a requirement, which may reduce the incidence of injuries associated with aviaries.

In Chapter 3, daytime physical activity levels (low-, moderate-, and high-intensive physical activity) of
three age classes of laying hens, young pullets (10-16 weeks of age), birds at the beginning of lay (17-24
weeks of age), and mature hens (25-37 weeks of age) were objectively measured using tri-axial
accelerometers. On average, birds allocated 70%, 22%, and 8% of their day towards moderate-, low-, and
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high- physical activities respectively. Young pullets performed the greatest level of high-intensity
physical activity, which declined with increasing age. Low-intensity physical activity was least in birds at
the beginning of lay, which was coupled with an increase in moderate-intensity physical activity that may
be associated with nesting behaviour. Brown-feathered hens performed less low-intensity physical
activity than white-feathered hens, which may be due to their relatively less frequent utilization of the
vertical dimension within the aviary.

The accelerometers and RF model in Chapter 3 had a prediction accuracy of 98%, and therefore proved to
be a successful tool to measure physical activity levels in domestic chickens. Initially in this study, I had
intended to detect individual behavioural events. However, due to the large error rates associated with
individual behaviour detection (1-24% misclassification), behavioural events were grouped into
categories based on physical intensity levels. Recent studies with pumas (Wang et al., 2015) and
chipmunks (Hammond et al., 2016) have also experienced similar difficulties with individual behavioural
detection, and have also improved their error rates by grouping behavioural events together. In hindsight,
it was recognized that grouping behavioural events together was more beneficial than determining
individual behavioural events, allowing for the detection of the intensity of physical activity. The
accelerometers and RF prediction model in the current study have many applications, such as detecting
the intensity of physical activity levels of healthy vs. unhealthy birds, which has previously been
demonstrated in cats (Guillot et al., 2013). More specifically, accelerometers can measure individual
birds’ variability, adaptability to new environments (caged and non-caged) and coping mechanisms by
observing physical intensity levels. Perhaps the greatest application of accelerometers are their ability to
allow researchers to easily obtain and analyze large amounts of objective data, reducing time-consuming
observations and bias.

In conclusion, in order to prevent collisions with other birds and the system young pullets should be
provided with the space necessary to successfully perform high-intensity physical activities that promote
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proper locomotor development. In addition, early access to elevated structures, for instance perches, will
provide birds more opportunities to train their navigation skills (Appleby and Duncan, 1989; HarlanderMatauschek et al., 2015; Brantsæter et al., 2016), which might result in fewer collisions with the system
leading to less injuries. Results from Chapter 2 and 3, suggest that high-intensity physical activities were
not performed frequently, however the motivation to perform these behaviour patterns might still be high.
Current non-cage housing systems require laying hens to access the third dimension and perform highintensity physical activity to obtain required resources (food/water). However, in these commercial
settings access to the elevated tiers is not facilitated, which requires birds to perform aerial ascent/descent
(high-intensity physical activity). Implementing easily accessible routes (ramps/ladders) to access the
third dimension aids birds to access resources without increasing potential for injuries.

Future research could investigate how laying hens’ locomotion style differs biomechanically and
kinematically based on age to match aviary design to birds’ age-dependent locomotor abilities. For
example stride length might differ between ages and strains and therefore ramp and ladder design should
reflect such differences to avoid injuries. Aviary design should also reflect that Galliforms forelimb
muscles are easily exhaustible and therefore overuse of these muscles could lead to an increased risk of
injuries. Using physiological indices of muscle exhaustion such as lactic acid, pH or phosphate levels
(Westerblad et al., 2002) could clarify if muscle exhaustion is indeed a risk for injuries in commercial
aviaries. Additionally, future research could focus on applying accelerometry and RF modeling in order to
obtain high quality objective data on activity budgets in birds of different age classes in commercial
aviary settings, where higher stocking densities might influence their locomotor abilities.
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