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Summary

Chickens are widely used by humans in both farndygecton and in scientific research as model
organisms. In the farming industry, they total 2lidn individuals worldwide (FAO, 2013). Over

6 billion of these are laying hens in egg farms (5R013). The large majority of these animals
are reared and housed in cages (Landbrug og Fadleizmhvervsfjerkraesektionen, 2015).
However, recent governmental and scientific conderrfarm animal welfare has resulted in a
growing number of countries and regions banningitieeof conventional cages and adopting other
housing systems, such as furnished cages, avianiddree-range systems. These systems provide
quite different and more complex environments far taying hens than conventional cages. It is
known that the environment is an important factorthe behavioural and physiological
development of animals. Therefore, the differeatireg and housing systems for laying hens may
result in differences in the behavioural developirarihese birds. This would be of particular
importance in the event of the rearing and housimgronments experienced by the birds being
different. In Norway, due to national and Européagislation, laying hens are largely reared in
aviaries and may be transferred to production falasuse furnished cages. There is a worry that
these individuals might suffer frustration and s¢relue to environmental restriction compared to

hens that were reared in cages and are, perhagseddo such an environment.

The aviary and the cage housing systems for lalggigs can be very different, particularly in
complexity. The aviary environment provides lardkree-dimensional space, allowing the
expression of natural behaviours such as wing ftappand flying. Furthermore, in the aviary
environment, resources such as food, water, nestsh@nd perches are distributed in this large
space, and the hens must find and be able to aiteessOn the other hand, the cage environment
provides all resources to the birds in a much smalbace, removing any necessity to search for
these. These environmental distinctions betweeargvand cage systems arguably require
different levels of spatial cognitive skills. Asdim and nerve tissues are energetically costly to
develop and maintain (Armstrong, 1983; Isler anah \&haik, 2009; Niemela et al., 2013), it
might be expected that the hens will allocate resesiin such a way as to maximise production
(Schutz et al., 2002) and therefore only possessiazed spatial cognition skills if they are

necessary.



Intensive farming often causes conditions or dismdhat reduce the welfare of the farmed
animals. In the egg farming industry, one of thessn issues is that of feather pecking, the
forceful pulling and removal of feathers of congpes (Savory, 1995). Feather pecking is largely
attributed to the improper provision of litter, sing redirected pecking (Blokhuis, 1986;
Newberry et al., 2007). Indeed, a recent obsematistudy has suggested that litter as simple as
a layer of paper on which dust and droppings cawraalate, may be enough to reduce the
incidence of feather pecking (de Haas et al., 2D14bwever, no experimental work has tested
the effects of the provision of paper on the degwedent of feather pecking in the full-scale, real-

life context of egg farming.

The work presented in this thesis set out to dithe of the knowledge gaps described above. Paper
| aimed at comparing welfare and productivity inaayi and cage-reared hens housed in a
furnished cage production farm. PapHrandlll aimed at testing whether rearing in aviary or
cage systems influences spatial memory and whéitiese different methods of rearing cause
differences in tyrosine hydroxylase in the hippopas and the caudolateral nidopallium,
respectively. PapdV aimed at testing the effects of providing papdrssate from the first day

of life on the incidence of feather pecking andliea damage at the peak of lay. The results from
paperl showed that aviary-reared hens demonstrate irigcaf better welfare in the first three
weeks after transfer to a furnished cages producsigstem compared to cage-reared hens.
However, over the course of the whole productiamogle mortality of aviary-reared birds housed
in furnished cages was higher than the mortalitgagfe-reared birds housed in furnished cages.
In paper |, it became apparent that aviary rearing promgiaiad memory development whereas
cage-rearing causes long-term impairment of stesnrimemory, as seen by the superior working
memory performance of aviary-reared birds in a boded task, compared to cage-reared birds.
Following the results from papék, paper |l was devised to investigate whether aviary vs. cage
rearing results in differences in the dopamineggthway, specifically tyrosine hydroxylase, in
the areas of the brain responsible for cognitiveé executive functions. The results did not show
any treatment effects on tyrosine hydroxylase eénhippocampus or the caudolateral nidopallium.
In papenV, it was found that hens provided with paper héamleer probability of having feather
damage compared to hens that did not have accesgpes. In addition, the results showed that
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production farms that provided environmental enrieht had a lower incidence of gentle feather

pecking.

These results, seen in the context of existingadlitee, suggest that rearing in complex
environments produces hens that are more resil@mt better capable of coping with
environmental changes, at least in the short tdtnis demonstrated that the environment
experienced during rearing can have consideraloith short- and long-lasting, effects on the
behavioural development of laying hens and on hal tivey will cope with being housed in the

planned adult environment. This, in turn, carriegipent welfare consequences.



Sammendrag

Verpehgner og slaktekyllinger benyttes i stort amfav mennesker bade i landbrukssammenheng
og som modellorganisme innen forskning. P& verdasisber det totale antallet individer
slaktekylling og verpehgner innen landbruket 27liander dyr. Over 6 milliarder av disse er
verpehgner. Majoriteten av dyrene holdes i bur ungedrett og eggproduksjon (Landbrug og
Fodevarer Erhvervsfjerkraesektionen, 2015). | nyier@ar blitt mer fokus pa dyrevelferd blant
politikere og forskningsmilj@, og dette har resuliat stadig flere land forbyr bruk av tradisjtiee
3-hgnersbur. Dette har fgrt til en endring i opltisg av dyrene som promoterer miljgbur og
frittgdende systemer (aviarier) med eller utenatilg pa uteareal. Disse oppstallingssystemene
utsetter hgnene for forskjellige miljg, seerlig nmedisyn pa kompleksitet. Da miljget dyrene lever
i er viktig for dyrenes fysiologiske og mentaleilating, kan oppstalling under bade oppdrett og
produksjon pavirke dyrenes utvikling. Dersom dyreppdrettes i en type miljg, for sa & bli flyttet
til et annet miljg for eggproduksijon, vil dette kienpavirke dyret negativt. | Norge reguleres hold
av fjgrfe via regler diktert av EU, samt nasjonalgelverk. | Norge oppdrettes de fleste hgner i
aviarier, men kan bli sendt enten til miljgbur etieaviarier for eggproduksjon. For hgner som er
vant til & veere i et miljg hvor de har stor bevegsfrihet og gode muligheter til & utgve naturlig
atferd (aviarier), kan overgangen til oppstalliref mer restriktivt miljg (innredede bur) medfare
frustrasjon og stress. For hgner som derimot edigiet i bur, vil trolig overgangen til bur ikke

medfare like stor pakjenning.

Aviarier og bur skiller seg ut pa ulike mater, nezarlig hva angar kompleksitet. | et aviar kan
dyrene bevege seg bade i ulike hgyder samt larijseebaDyrene kan derfor fa utfart viktige
atferder som a fly og a flakse med vingene utdwi@ orti innredning eller andre haner. | aviarier
er mat, vann, redekasser og vaglepinner spredeusgistarre omrade og det krever mer av hgnene
for a klare & finne fram til, og benytte seg agjtéhgelig ressurser. | bur derimot har dyrene titga

pa alle ressurser innenfor et mindre omrade, noersedfgrer mindre utfordring med a lokalisere
og finne mat, vann, vaglepinner og redekasserkiglsne disse ulike oppstallingssystemene har,
medfarer sannsynligvis ulike behov for kognitiveegkaper og romlig forstaelse. Det er kostbart
for dyret & utvikle og opprettholde nevrologiskevedaner (Isler and Van Schaik, 2009; Niemela

et al., 2013). Det forventes at hgnene allokerergian for & maksimere produksjon (Schutz et
10



al., 2002) og at de som ikke har behov for a bepesielle evner heller ikke vil allokere energi til

a utvikle dem.

Kommersielt dyrehold innebaerer ofte at dyrene toldeder forhold som kompromittere og
reduserer dyrevelferden. | eggproduksjonen er &king et av hovedproblemene man star
overfor. Fjgrhakking er nar hgner napper sa kraftay at figrene lgsner og fiernes (Savory, 1995)
fra egen eller andres fjgrdrakt. Fjgrhakking setster grad i sammenheng med mangel pa annet
hakke-substrat, noe som farer til at hakke-adfeatyres mot andre hgner heller enn mot substrat
pa bakken (Blokhuis, 1986; Newberry et al., 20&nA) nylig publisert observasjonsstudie tyder pa
at noe sa enkelt som et tynt lag med papir hvor stpandre partikler kan akkumulere, kan vaere
nok til & redusere fjgrhakking (de Haas et al.,4)1Det er imidlertid ingen eksperimentelle
studier som har testet om dette enkle tiltaket éuegfor & motvirke fjgrhakking i industriell

eggproduksjon.

Arbeidet som presenteres i denne avhandlingen drar mal & svare pa noen av de omtalte
problemstillingene. Malet med artikkiear &8 sammenlikne dyrevelferd og produktivitet bas
og aviaroppdrettede hgner oppstallet i miljgbur éggprodusenten. Artikkél oglll testet om
bur- eller aviaroppdrett pavirket romlig forstaelesg hukommelse, og om oppdrettsformen
forarsaket forskjeller i enzymet tyroksinhydroks#a hippocampus agjdopallum caudolaterale
Artikkel 1V hadde som mal a teste om tilgang pa hakke-sulfs&rdiorste levedag pavirket
forekomsten av fijgrhakking og kvalitet pa figrdexkinar hgnene var pa verpetopp. Resultatene
fra artikkell viste at hgner oppdrettet i aviarier utfgrte mieselsadferd de farste tre ukene etter
overgang til innredede bur sammenliknet med hgper sar oppdrettet i bur. Samtidig var
dadeligheten for produksjonsperioden hgyere blaidr@ppdrettede hgner sammenliknet med
buroppdrettede hgner. | artikelviste det seg at oppdrett i aviar tilrettela forikiing av bedre
korttidshukommelse. Som en oppfalging av resul@temartikkell ogll, undersgkte artikkel |
om forskjellen i hukommelse var relatert til forskgr i dopaminerge nervebaner i hjerneavsnitt
som er ansvarlige for kognisjon og beslutningstgkResultatet fra artikkel | viste at det ikke
var forskjell i menge tyrosinhydroksilase, det igisttsbegrensende enzymet i dannelsen av
dopamin, i verken hippocampus ellenidopallum caudolateraléilsvarer dorsolateral prefrontal
cortex hos pattedyr). ArtikkelV demonstrerte at tildeling av papir som substrauserte

11



sannsynligheten for darlig figrdrakt sammenliknetdvhgner som ikke fikk tilgang pa hakke-
substrat. | tillegg viste resultatene fra artikk® at tilgang pa berikelse hos eggprodusenten

reduserte forekomsten av milde former for fjgrhalgki

Nar resultatene fra dette arbeidet settes i samemgnimed allerede publisert litteratur, kan det

konkluderes at oppdrett i mer komplekst miljg peeher hgner som er mer robuste og bedre til &
tilpasse seg miljgforandringer pa kort sikt. Saigticektlegges det at miljget under oppdrettsfasen
har bade korttids- og langtidseffekter pa utviklmgverpehgners atferd, og pavirker hvor egnet

de er til & oppstalles i ulike miljger som voksbette har konsekvenser for dyrevelferd.
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1. Introduction

Chickens Gallus gallus domesticysre widely used by humans in both farm productaod in
scientific research as model organisms. In the ifagrmdustry, these animals are used for both
meat and egg production, totalling approximatelpRidon broiler chickens produced worldwide
per year in the meat industry and 6.6 billion hanshe egg industry (FAO, 2013). Thus, the
chicken is a highly relevant species for both basid applied research. The concern for animal
welfare, coupled with increasing scientific knowgedof the behavioural and physical needs of
farm animals, has been guiding the legislationevesal countries on how these animals should
be farmed. Conventional cages for laying hensefample, were banned in Europe due to a
combination of the results from behavioural redeastiowing that hens are motivated to dust-
bathe, perch, and lay their eggs in a nest, angubéc concern on how laying hens were housed
for farming (see section 1.1.1). In Norway, sinee European ban on conventional battery cages
for laying hens in 2012 (Council of the Europeanddn 1999), nearly all laying hens are reared
in aviaries and later housed in aviaries or iniklvad cages during the laying period (Landbruks-
og matdepartmentet, 2001). However, even though hotsing systems offer access to perches,
dustbathing opportunities and access to a nestthere are large differences between the aviary
environment and the furnished cage environmenticodarly in overall complexity. Aviaries offer
more three-dimensional space and opportunity febinds to perform natural behaviours such as
flying and dustbathing. Laying hens in aviarieoaisive contact with a much larger number of
conspecifics and thus have more potential for p@sénd negative social interactions. Therefore,
chicks may spend the rearing period, the first &8ksg of life, in aviaries and be sent to production
in furnished cages despite the potential stresserhby transferal from loose house rearing to
space-restricted cages. Some farmers worry thatdifierence in rearing and production
environments might reduce the welfare and proditgtof the flock. Rearing farmers will often
simulate a cage environment in the rearing aviasilesn they know these birds will be sent to
furnished cage laying systems. This, however, lgrgdters the environment the hens can
experience during rearing. In turn, this alteratiorthe environment may affect aspects of the

behavioural development in the hens (section 1.1).

14



In this thesis work, we investigated how the reggnvironment affects the development of certain
behaviours in laying hens and what consequencesay have for their welfare. To this end, we
measured outcomes such as comfort- and aversiatedebehaviours (section 1.2), feather
pecking (section 1.3), and cognitive ability (sentil.4).

1.1 Behavioural development of the chicken

The domestic chicken was domesticated from the waridestor, the red jungle fowGéallus
gallus), and several breeds have undergone artificiadcieh for high productivity. This
domestication process incurs relaxation of naur@ssures, such as food shortage and predation,
as a consequence of life under human supervisio€isson et al., 2001; Jensen, 2014). This
relaxation reduces the fithess benefit of havingrgetically costly adaptations to pressures that
no longer exist (Schutz et al., 2002). For exanmipfepd is provided by humans, the need to spend
energy searching for food decreases. Howeversibkan found that domestication only changed
the frequency of the performance of certain behasgiobut not the form or the motivation to
perform these behaviours. For example, the redguiogvl performs exploratory behaviours at a
higher frequency than domesticated laying hens éfggbn et al., 2001; Schutz and Jensen, 2001),
while a layer breed ingests food at a higher fraquehan the red jungle fowl (Andersson et al.,
2001). Furthermore, compared to the red jungle fowhite Leghorn layers show less
contrafreeloading, less caution in a test arerdjrapaired spatial learning (Lindqvist and Jensen,
2009).

A series of behaviours develops in the chickerhanfirst few weeks after hatching. While still
inside the egg, the chick receives a range of dtirsuch as light, olfactory, and auditory cues,
stimulating the development of the respective nlegioal pathways (reviewed in Rogers, 1995b).
Imprinting, the process by which the chick learasrécognise the hen and develops a social
preference for it, occurs in the first 48 hourstgaching (Bateson, 1966; Bolhuis, 1991). In the
absence of the mother hen or brood mates, studies $shown that the chicks can imprint on a
range of animate and inanimate surrogates (Batd$@®). Fear behaviours develop at the same
time as imprinting takes place, with chicks staytio avoid and show fear responses to novel

stimuli (Sluckin and Salzen, 1961). Perching bebawistarts from the second week of age
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(Heikkila et al., 2006) and it has been shown #ealy life without access to perches impairs

spatial cognitive skills of the chicken later ifel(Gunnarsson et al., 2000).

Learning to feed takes place during the first tweels post hatching. Immediately after hatching,
the young chick pecks at small spherical, threeetisional objects (Dawkins, 1968). This early
pecking behaviour, however, is done with the bdaked and is investigatory in nature (Rogers,
1995a). The yolk sac can still provide nutrientstfee first three days post hatching; therefore,
these investigatory pecks have a function in legyno discriminate food from inedible objects
(Freeman, 1965; Rogers, 1995a). The colour of tdpmn also stimulate the newly hatched chick.
Chicks more readily peck and approach objectsateated and blue (Clifton and Andrew, 1983).
Pecking, with the beak open or closed, promotefddeedback, which works to form a reward
system (Hogan, 1973). During the first 4 days @, lthe chick collects information on the
suitability of objects to be pecked and then swedld (Hogan, 1973). Two-week-old chicks are
able to distinguish between feed grains and pebiatéen 60 pecks (Reymond and Rogers, 1981).
Social facilitation also plays a role in early peckresponses. Food ingestion is greater in the
presence of a companion chick, particularly if¢benpanion is also feeding (Tolman and Wilson,
1965; Tolman, 1968). Feeding behaviour is alsdifated by companion and hen models and by
tapping sounds (Tolman, 1964; Tolman, 1967b; ajck3hhave been shown to develop pecking
target preferences after observing a model peckirzgparticular type of target (Turner, 1964). In
the first three days post-hatching, chicks are espisiale to this type of social facilitation and the
pecking preferences developed then lead to stalolé preferences (Suboski and Bartashunas,
1984). While watching a model pecking, the chickigblish a search image and have been shown
to peck at objects that share given characterjstiod therefore fit the search image, rather than a
random (Andrew and Rogers, 1972). Feather peclirggmmon behavioural disorder in laying
hens in which individuals pull out feathers froneithconspecifics, is largely attributed to the
absence of litter, causing the birds to redireougd pecking to the feathers of their companions

(see section 1.3).

1.1.1 Egg farming

As seen in the previous section, it is apparenth®environmental conditions and the experiences

young chicks have with their specific environmeavd effects on aspects of the development of
16



their behaviour. In the egg farming industry, savbpusing systems for laying hens are used. The
large majority of laying hens worldwide are reaeed housed in cages (Landbrug og Fadevarer
Erhvervsfierkraesektionen, 2015). Nevertheless,ipublerest in the welfare of farmed animals
combined with the increased scientific knowledgeuttbehaviour in laying hens has been an
incentive for several countries to adopt laws amectives that prioritise animal welfare.
Conventional cages were first introduced as a Imgusystem for laying hens for economic reasons
and in an effort to control the spread of diseaskarasites (Duncan, 2001; Tauson, 2005). The
cage has a wire mesh floor, which allows faecedrop onto a manure belt, keeping the cage
environment clean. In addition, housing the bimismaller groups further limits the spread of
damaging pecking (Duncan, 2001; Tauson, 2005). Mewesince the implementation of
conventional cages, the scientific knowledge ofrlgyhen behavioural needs and motivations has
increased (see sections 1.2 and 1.2.1). For exarnglmg hens are motivated to perform
behaviours such as dustbathing, wing stretchinggwlapping, and to use a nest box during egg
laying (Black and Hughes, 1974; Duncan and Kit899The conventional cage environment,
however, does not allow the performance of thebaweurs, resulting in potential suffering from
deprivation (Dawkins, 1988; Tauson, 2002). Thig@ase in scientific knowledge, therefore, led
to the European Union banning the use of conveatioages for laying hens in 2012 (Council of
the European Union, 1999). Also in 2012, New Zedlpassed a code of welfare to guide poultry
farmers on the minimum standards of housing antbdndgry (Ministry for Primary Industries,
2013). In 2015, the state of California, USA, bahiiee sale of eggs produced by hens housed in
conventional cages (Huffman, 2010). In additiorthte legislation, some countries, the UK, for
example, have a range of Quality Assurance Stantirdls that guarantee the minimum

requirements and often ensure higher standardelédne (Compassion in World Farming, 2016).

With the ban on conventional cages for laying hdamished cages were introduced as an
alternative (Council of the European Union, 1999)ey provide more space per hen and allow
the hens to perform some of these highly motivaethviours such as dustbathing, perching and
nesting (Council of the European Union, 1999). kemnore, in furnished cages, the hens are still
housed in small groups and on a wire mesh flodh factors helping prevent the spread of disease
and cannibalistic pecking through the flock, andlii@ating the establishment of a stable social
structure (Duncan, 2001; Appleby et al., 2002; Day2002; Keeling et al., 2003). The furnished
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cages, therefore, were developed with the objecfidecreasing the disadvantages of behavioural
deprivation of conventional cages while maintainihg economic and hygienic advantages

(Tauson, 2002). Nevertheless, the public interestnimal welfare and the increase in scientific

knowledge on animal behaviour and health contiragsing changes in how laying hens are

housed. While countries like Brazil and India stduse 100% of their farmed laying hens in cages,
conventional or furnished, other countries haveighdr percentage of farmed laying hens in

aviaries or in free-range systems (Landbrug og ¥aee Erhvervsfjerkreesektionen, 2015). Free-

range systems are used to house 14% of layersuith Sdrica, 28% in Australia, 45% in the UK,

and 75% in Switzerland (Landbrug og Fgdevarer Exsigrkraesektionen, 2015).

In Norway, the rearing period, which consists ¢ tlist 16 weeks of life of the laying hen, is
generally spent in an aviary rearing system (Lankibrog matdepartmentet, 2001). In this system,
the chicks arrive at one day of age and must beikejole the aviary rows where they have access
to food and water. They are kept in these rowd thtly are sufficiently grown, generally at five
weeks of age, and can be released onto the alamntd take advantage of the space of the rearing
house as a whole. Once they reach that age aralidwy rows are opened, the pullets have the
opportunity to move in three-dimensional spacetarerform a wide range of natural behaviours
such as wing flapping, dustbathing, and flyingatidition, they have both positive and negative
contact with a large number of conspecifics. InWay, a typical laying hen aviary-rearing house
contains more than 15000 birds (Landbruks- og npadmentet, 2001). In the case of negative
(antagonistic or aggressive) social interactionsyldordinate chicken has the option of moving
away from the area to avoid or escape the attqbkeltean et al., 1986) but is in constant contact
with new individuals. The chickens must also beedbl find and reach food troughs, drinking
nipples, and perches throughout the aviary. At #&ks of age, the birds are transported to the
production farm, in which they will reach maturistart laying, and remain there until slaughter
at 70-80 weeks of age. In Norway, the productionses are organised either as aviary systems,
which are much as the rearing aviaries but withatiéition of nest boxes, or as furnished cage
systems. Producers using furnished cage systemsoaieerned that adaptation to the more
spatially restrictive environment of the furnisheaje after rearing in aviaries may cause welfare
problems for the birds. Reduced welfare in thistewnmay result from frustration, the emotional
response to thwarting of access to expected ressijitaskell et al., 2000), or stress caused by
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exposure to environmental change. These mechamisggnsot mutually exclusive and are likely
to exacerbate the stress caused by transfer fremetiring to the production farm and other
physiological changes associated with the stddyét approximately 18 weeks of age (Bestman
et al., 2011).

A common practice among Norwegian rearing farmersto simulate the furnished cage
environment some birds may experience during tloelymtion period. In order to do this, the
rearing farmers do not let the chicks out fromdki&ry rows during the rearing period. The hens
are therefore kept inside the cages in the avanyduring the first 16 weeks of life, thus creating
a group of “cage-reared” laying hens. This resultthe aviary-reared hens and cage-reared hens
experiencing largely different rearing environmeptrticularly in regards to environmental
complexity. In a cage rearing system, the chickeng very limited space in which to move. All
resources available to each hen are within the aade therefore, the birds need not search for
these. In addition, each hen only has physicalamntith 20 or so conspecifics. These differences
in environmental complexities potentially have Bgffects on the behavioural development of
these birds. This may, in turn, have effects on Hmnbirds cope with environmental change and

stressful conditions.

1.2 Assessment of animal welfare

In 1964, Ruth Harrison published the book “Animaadfines” which drew public attention to
how farm animals are housed and treated in indlised agriculture (Harrison, 1964). As a
response to this public interest, in 1965, the Ukibtry of Agriculture held an expert committee
to look into the welfare of farm animals. The cortte®, chaired by Professor Brambell, presented
a report entitled “Report of the Technical Comnatte Enquire into the Welfare of Animals Kept
under Intensive Livestock Husbandry Systems”, whielsame known as the Brambell Report

(Brambell Committee, 1965). From this report came of the first definitions of animal welfare:

“Welfare is a wide term that embraces both the ptalsand the mental well-being of the
animal. Any attempt to evaluate welfare thereforesitake into account the scientific evidence
available concerning the feelings of animals theat be derived from their structure and functions

and also from their behaviour”.
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More recent work also highlights the importancehofv the animals feel, in addition to their
physical health, towards the assessment of anirekihie. Webster et al. (2004) defined welfare
as the animal being “fit and feeling good”. Likeej®awkins (2004) proposed that assessment of
animal welfare should be performed by answeringqwestions: (1) Are the animals healthy? (2)
Do they have what they want? In addition, Dawk2@04) suggests that assessing behaviour is a
vital part in answering both these questions whth wise of, for example, choice and preference
tests. With these definitions of animal welfarasitlear that welfare extends beyond the presence
or absence of disease as it includes mental aspgetsll as any physical aspects of quality of life
(Dawkins, 1990). Certainly, disease and poor heaighthreats to welfare. Diseases are likely to
cause pain and discomfort; they can weaken thevithedl by reducing its ability to procure
resources, such as food and water, and to avoidafmes or antagonistic interactions with
conspecifics, promoting further injury and distr¢€ockram and Hughes, 2011). However,
animals may still suffer poor welfare while in goplaysical health, namely if they are deprived of
activities and resources they are highly motivédedDawkins, 2004). Here enters the importance
of the behavioural assessment of welfare. The woekented in this thesis focused mainly on
behavioural indicators of welfare, and therefoetates more to the mental well-being rather than
physical health aspects of welfare. Throughoutlibeussion of the results in this thesis, the word
“welfare” has been used to mean mental well-beipgc#ically. The physical health-related
component of welfare is also discussed where apjattep but it is specified by the use of the

words physical health.

1.2.1 Behavioural indicators of welfare

Behavioural assessment is a common tool for etisibb@nd welfare scientists as it is non-
invasive. Behavioural indicators of welfare stemnirthe behavioural priorities of the animals,
those that individuals are highly motivated to perf, and from those that are considered
abnormal (Cooper and Albentosa, 2003). In layingshéhe named “comfort” behaviours, such as
wing flapping and dustbathing, are those that ase@ated with positive choice and that decline
in frequency when the animal is under stressfutidams (Nicol et al., 2009; Nicol et al., 2011a).

Also associated with positive choice are flyingiafging, and alert behaviour towards a novel

object (Nicol et al., 2011b). These behaviours s¢he purpose of maintaining the hen’s mental
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and physical wellbeing (de Jong et al., 2007; Mbalg 2014). On the contrary, aversion or
displacement behaviours, such as head shakingpetepécking, self-scratching, and short bouts
of preening, are associated with negative choidenaifd stress (Duncan and Wood-Gush, 1972a;
Haskell et al., 2000; Taylor et al., 2001; Nicokét 2009; Nicol et al., 2011b). Thwarting access
to resources or rewards increases frustration-iediaggression and pacing behaviour (Haskell et
al., 2000). Frustration due to thwarting also iases the rate of displacement preening or preening
bouts of short duration (Duncan and Wood-Gush, &aR70@n the other hand, long bouts of
preening or self-grooming have been associated pa#iitive choice in laying hens (Nicol et al.,
2009).

Laying hens have high motivation towards dustbathwill show increased frequency of this
behaviour after a period of deprivation, and wilee perform vacuum dustbathing, in which
dustbathing behaviours are seen in the absenagbefrate if deprivation is long enough (Black
and Hughes, 1974). Likewise, the performances afwiretching, feather raising, tail wagging,
leg stretching, and wing flapping increase at adtend” rate after a long period of space
deprivation (Nicol, 1987). These studies show thatkens are highly motivated to perform these
behaviours and suggest that depriving these aniofidle opportunity to do so possibly induces
suffering (Dawkins, 1988). Social factors may aidtuence the frequency of comfort behaviours,
with preening, feather raising, and tail wagginigogicurring more often when hens are in close
proximity to pen mates (Nicol, 1989). This also poits the notion of comfort behaviours being
indicators of a positive mental state as chickeageey animals that live in large groups and are
highly stressed by isolation. On the other hangh Istocking density can inhibit the performance
of comfort behaviours and this can be due to a lackhysical space or due to behavioural
inhibition (Albentosa and Cooper, 2004). Comfot&aours also have a higher frequency during
anticipation of positive events following expostwea classically conditioned stimulus compared

to a negative or neutral event (Zimmerman et al1,12.

In 2009, the European Welfare Quality® project deped a standardised method for assessing

animal welfare and published the Welfare Quality®s@ssment protocol for poultry (Welfare

Quality, 2009). This protocol is intended to be duider on-farm and/or at slaughterhouse

assessment and is divided into four sections, ga@stigating a specific component of welfare:
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feeding, housing, health, and behaviour. However gistimated time required for completing the
assessment with the full protocol is over six holrsddition, it has been suggested that comfort
and aversion-related behaviours are somewhat tedeia other welfare indicators, such as body
temperature, heterophil:lymphocyte ratio, and offfgrsiological measures and should, therefore,
be an independent measure of welfare (Nicol et2éil,1a). In my thesis work, therefore, this
protocol was used as a general guide, using oel\yo#haviour assessment section and adapting
the methods to best suit my study and target ptipnlaWe performed direct behavioural
observations of comfort behaviours, aversion-rel@haviours, and feather pecking. In addition,

we performed an assessment of feather damageiadigatt measure of feather pecking.

1.3 Feather pecking

Feather pecking is one of the major welfare isaesd by the egg farming industry worldwide
(EFSA, 2005). It can be divided into several catexg) depending on the motivation and target of
the pecking bird (Savory, 1995). Aggressive peckiogurs when a dominant individual targets a
subordinate individual with the goal of establighend maintaining dominance. It is generally
directed at the head, but can be aimed at othey pads if the head is out of reach. Aggressive
pecks are given with considerable force and giedrtipression that they are intended to hurt. The
recipient will often respond by vocalisations alydithdrawing itself from the area, putting some
distance between themselves and the pecker. Tgesafypecking may cause tissue damage, often
seen as peck marks on the combs of subordinatadndis. If it is impossible for the subordinate
to withdraw and avoid these antagonistic interasjgersistent aggressive pecking may lead to

severe injury or death.

Gentle feather pecking causes little to no harrthéotissue (Kjaer and Vestergaard, 1999). This
type of pecking is often directed at the tip oresigf tail feathers or at feathers that are didrexve
and, therefore, stand out from the rest of the plygen(McAdie and Keeling, 2000). It can also be
directed at dust or food particles lying on thenphge of other birds. It often takes a stereotypic
character, occurring in multiple bouts of seveejugential pecks (Kjaer and Vestergaard, 1999;
McAdie and Keeling, 2002). Gentle feather pecksghowever, mostly ignored by the recipient.
On the contrary, severe feather pecking involves ghasping and pulling of feathers, often

followed by feather eating. The recipient birdsl\génerally respond with sharp vocalisations and
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withdrawal (Savory and Mann, 1997). Severe fegbleeking can result in exposing denuded areas
of skin that will, in turn, be targeted. Repeatedliing at the skin may cause haemorrhaging. The
exposed blood often attracts more birds to the, anéansifying the rate of pecking and inducing
cannibalism (Savory and Mann, 1997). The damageleah to severe injury and death. The
recipient initially attempts to escape, but thespgent pecking can lead to learned helplessness,
where the recipient bird appears to give up andnéistio the pecking. Severe feather pecking is,
therefore, often described as a behavioural disdreleause of its detrimental nature (van Hierden
et al., 2004; van Zeeland et al., 2009; Kops et28l13a). Beak trimming is widely used as a
method to reduce the damage caused by feathermge@Rartcher et al., 2015a; Hartcher et al.,
2015b). However, it has severe welfare implicatidrise beak is highly enervated and hot-blade
trimming often results in acute pain in young biash&l chronic pain, and neuroma formations in
older birds (Gentle et al., 1990; Gentle et al.911@%nd reviewed in Gentle, 2011). Infrared
trimming has also been shown to produce acute padiiced activity, and less time spent eating
and drinking (Marchant-Forde et al., 2008). Althbuxpak trimming is still allowed according to

European legislation, European countries such aw&joand Sweden have banned it.

Feather pecking is known to be a multifactorial dabur, influenced by a number of
environmental, and genetic factors (Hartcher eR@ll6). Discussing all of these would go beyond
the scope of this thesis and genetic factors aeetbre presented only superficially in section
1.3.3. Some of these factors, however, are intrediuc more detail in the following sections.

1.3.1 Litter supply

Feather pecking is largely accepted as redireatedngl pecking and a large number of studies
have attributed the development of feather peckireglominantly to early life access to litter

(Blokhuis, 1986; Newberry et al., 2007). Experinastudies have demonstrated that chicks with
restricted access to litter in the first month ité show increased feather pecking in adulthood
(Bestman et al., 2009). Likewise, provision ofditduring the rearing period increases plumage
guality and reduces feather pecking, cannibalisid,raortality of adult birds (Blokhuis and Van

Der Haar, 1989; 1992; Johnsen et al., 1998; Guseaoarst al., 1999). Furthermore, access to litter
or sand during rearing can prevent the developmkfgather pecking in hens later transferred to

23



barren environments compared to rearing on a Wwoa bnly (Vestergaard et al., 1997). Large-
scale on-farm studies also report the importanceadfy experience with litter. Interruption and
limitation of litter supply during rearing increasgearfulness, feather damage, and the incidence
of severe feather pecking (Gilani et al., 2013)ngieeared on litter spend more time foraging and
less time feather pecking (Huber-Eicher and Seb01p In addition, access to litter in aviary
systems decreases mortality (Aerni et al., 200Bgrd is, however, some evidence that does not
support feather pecking as a redirected groundipgck study has found that birds doing a lot
of feather pecking also showed more ground peckiagicularly in larger group sizes (Bilcik and
Keeling, 2000). One explanation is that featherkpex are more active in general. Indeed, the
activity of the group and feather pecking have hamsitively correlated (Savory and Mann, 1997).
A recent observational study has suggested thatigbeof litter, simply as a layer of paper, on
which dust and droppings can accumulate, can hawefits in reducing feather pecking and
feather damage (de Haas et al., 2014b). Howeveexperimental work has tested the effects of
provision of paper on the development of feathekpe in the full scale, real life context, of egg

farming.

1.3.2 Other environmental factors

Several studies suggest an effect of the envirohorethe prevalence of feather pecking. Lighting
is a relevant factor, with severe feather pecking mortality levels being greater in higher light
intensity while gentle pecks are more frequentow light intensities (Kjaer and Vestergaard,
1999). Overall, studies suggest that feather pegcisness frequent in “enriched” environments.
Indeed, the provision of bundles of twine string;pecking devices”, has been shown to hold the
interest of chicks even after extended exposuredaocease the frequency of pecking behaviours
(Jones and Carmichael, 1999a; Jones et al., 200RdM et al., 2005). Interestingly, these pecking
devices and provision of whole oats and deeper Idid not result in better plumage conditions
when available only from 12 days of age (Hartchel.e2015a; Hartcher et al., 2015b). Supplying
flocks with sand, polystyrene blocks, or long-cuiaw also decreases feather pecking behaviour
(Huber-Eicher and Wechler, 1997; 1998). In additfomstration due to thwarting of an expected
resource or reward can increase the pecking ratsk@l et al., 2000). Among non-beak-trimmed

birds, housing in pens with litter, nest boxesches, and at lower stocking density, results is les
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feather pecking compared to housing in conventiacees (McAdie and Keeling, 2002).

Furthermore, the availability of an outdoor run hwartificial or vegetative cover reduces the
incidence of feather pecking and is associated Wwétter plumage conditions (Bestman and
Wagenaar, 2003; Heerkens et al., 2015). Due touthierstanding that feather pecking is less
frequent in enriched environments, the environmeartachment provided by production farmers

was included as a factor that might influence tteédence of feather pecking in pap¥gr.

1.3.3 Genetic factors

Feather pecking has also been seen to occur indepy of environmental factors because of a
genetic predisposition. Red jungle fowl, the anmesif domestic chickens, have also been
observed to feather peck (Jensen et al., 2005)s fem the Rhode Island Red origin are less
fearful and develop less feather pecking compar&eins from a White Leghorn origin (Uitdehaag
et al., 2008). Dekalb white hens have been showe toore fearful and have more feather damage
compared to ISA brown hens (de Haas et al., 20t3) possible to artificially select for a low or
high frequency of feather pecking and produce dbfie phenotypic lines of High Feather Pecking
(HFP) and Low Feather Pecking (LFP) from this psscéjaer et al., 2001; Rodenburg et al.,
2004; Rodenburg et al., 2008). LFP birds spend rtiore foraging and feeding and less time
feather pecking compared to birds from the HFP (ran Hierden et al., 2002; Rodenburg and
Koene, 2003). The specific loci associated witlitfeapecking have been found and quantitative
trait loci studies have indicated that feather jreghknay be controlled by different genes in the
juvenile and the adult phases (Buitenhuis et 8032; Buitenhuis et al., 2003b). Feather peckers
show more activity in a novel object test, opettfiest, and restraint test, suggesting that this t

is genetically associated with a proactive copingtegy (Jensen et al., 2005).

It has been suggested that HFP and LFP lines mmprgsoactive and reactive coping styles,
respectively (Korte et al., 1997). Proactive ansnladve a low adrenocortical response and an
active behavioural response to a stressor, whessadive animals have a high adrenocortical
response and an inactive behavioural responsedsssts (Koolhaas et al., 1999). Accordingly,
HFP individuals have lower plasma corticosteronele compared to individuals from an LFP

line (van Hierden et al., 2002). It is also possital artificially select lines for low mortality tfie
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flock, which, in non-beak-trimmed birds, is oftercansequence of severe feather pecking and
cannibalism (Rodenburg et al., 2009; Kops et 8l1,3b; Kops, 2014). Birds from the low mortality
line show reduced fear and lower levels of noraaliea and 3,4-dihydroxyphenylacetic acid
(DOPAC), a metabolite of dopamine, compared todiirdm a control line (Nordquist et al., 2011,
Kops et al., 2013b).

1.4 Cognitivefunction

Cognitive abilities in general and spatial learnasgl memory specifically are important for the
fithess and survival of mobile species. In ordemdwigate the environment, animals must be able
to perceive, store, and retrieve information. Lgyiens must find feed, water, perches, and nests
and therefore require good spatial memory to renegrspecific routes and landmarks. However,
one can imagine that these cognitive abilitiesyaoee important in complex environments. Laying
hens housed in cages live with few other individuaid have all the resources available to them
in a confined space, where locating each one isandifficult challenge. In an aviary system,
however, the hens must navigate a much more congigsical and social environment. Feed,
water, perches, and nests are distributed acroasnate three-dimensional space and thousands

of conspecifics cohabitate.

The underlying mechanisms of cognitive abilitielge in response to selective pressures
imposed by environmental differences between pdjoms and by the species’ ecology
(Pravosudov and Roth, 2013). This process israleyant for domestic species under artificial
selection, such as laying hens, in line with ttemuece allocation theory (see Schutz et al., 2002).
This theory suggests that each individual has adaramount of resources to sustain all biological
activities and that individuals will optimise théogation of their resources in order to maximise
fitness. Among domesticated laying hens in a cormptesironment, those individuals that invest
energy towards developing greater cognitive abgitwill be better equipped to, among other
things, navigate their specific environment. Thel lave better access to resources and will be
able to avoid risky social interactions. These veses, in turn, enable the hens to maximise their
egg output. However, developing and maintainingingral pathways required for these cognitive
functions is very costly (Isler and Van Schaik, 200liemela et al., 2013). Therefore, if the

environment is so simple that only less advanceghitive abilities are needed, artificial selection
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will favour animals that allocate resources pref@edly to egg production. Consequently, despite
the fact that laying hens are not directly seleébeatognitive ability, cognitive development may
be influenced by the environment to which thesenais are exposed (Sol et al., 2005). As a result,
according to the Predictive Adaptive Response hgxis (see section 1.4.1), natural and artificial
selection are likely to favour individuals that gram the allocation of resources to cognitive
function, depending on the environment encounteheding the early stages of development
(Bateson et al., 2014). Alternatively, the Silv@o8n hypothesis (see section 1.4.1) suggests that,
in a poor environment, these advanced cognitivitiabido not develop as well simply because
of the lack of proper stimulation (Grafen, 1988; Mdghan, 2008). Consequently, according to
both the Predictive Adaptive Response and the SBmoon hypotheses, one can expect that
rearing laying hens in a barren cage environmelhtrgpress cognitive development compared to
rearing in a complex aviary environment. However,experimental work has yet been done to

investigate this.

1.4.1 Predictive Adaptive Response Hypothesis and S#peon Hypothesis

It is well known that factors other than genetidfuence behavioural development. Cues received
early in life can dictate how the organism willpesad phenotypically in order to be best adapted
to the environment later in life (Bateson et al12). The capability of an organism to respond to
these environmental cues without changing theirogen is called adaptive developmental
plasticity (Bateson et al., 2014). Natural selettigely favours individuals that programme the
allocation of resources depending on the environneaeountered during the early stages of
development. The environmental circumstances expeed early in life provide an estimate of
the conditions one will most likely have to faceaasadult (Monaghan, 2008; Bateson et al., 2014).
The benefits of having this plasticity are explaiig the Predictive Adaptive Response hypothesis
(Bateson et al., 2014) (Figure 1 A). A Predictivéafaitive Response allows the organisms to adapt
to the future environment as best as possibleeasing their likelihood of survival until
reproduction. Likewise, a mismatch between thedaseed and actual environment can result in
reduced fitness (Bateson et al., 2014). If theyearid adult environments differ largely,
adaptations that were vital in the early environhmaight become disadvantageous in the adult
environment. An example of this principle comesnfrextensive research on the effects of

postnatal maternal care in raRaftus norvegicyson the behavioural development of the pups
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(reviewed in Claessens et al., 2011). Adult offsgprirom mothers that performed high rates of
licking and grooming show high cognitive performarand decreased behavioural and endocrine
responsiveness to stress (Liu et al., 1997; Ceatdjl., 1998; Liu et al., 2000). As suggested ey th
Predictive Adaptive Response hypothesis, adulipafig of low licking and grooming mothers
(considered a form of adversity) performed bettea high-stress context compared to offspring
from high maternal care mothers (Champagne eR@08; Bagot et al., 2009). Likewise, high
maternal care offspring had better performance lowastress context (Champagne et al., 2008;
Bagot et al., 2009). In general, fithess is highelsen an adult organism lives in the type of

environment in which they developed (Monaghan, 2008

An alternative hypothesis describing the effectsarty environment on developmental plasticity
and adult fitness is the “Silver Spoon” hypothg§isafen, 1988) (Figure 1 B). This hypothesis
suggests that favourable environmental conditi@mky én life have lasting effects causing higher
fitness in individuals that experienced such emunents when young compared to those that were
born in poor environmental conditions irrespectéhe circumstances during adulthood (Grafen,
1988; Monaghan, 2008; Douhard et al., 2014). Ma@n®les are available from bird species. In
Ural owls Strix uralensi}, females that are born during periods of incrddsed availability have
better reproductive success compared to females Haring periods of decreasing food
availability (Brommer et al., 1998). In this cakaying the advantage of favourable circumstances
as young owls resulted in access to better respang higher fithess as adults. According to the
Silver Spoon hypothesis, individuals born in poonditions consistently have worse fitness than

those born in favourable conditions because oktaits during development (Monaghan, 2008).
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Figure 1: Figuredescribing therelationship between fithess (vertical axis) and the quality of

the adult behaviour (horizontal axis) relative to the quality of the environment experienced
early in life. (A) Predictive Adaptive Response hypothesis. In this situation, there is
environmental matching. The fitness of an individugél be highest when the quality of the adult
environment is similar to the environmental quadigperienced early in life, due to adaptation to
those circumstance¢B) Silver Spoon hypothesis. The fitness of all organisms increase with

higher environmental quality; however, those orgars that developed in a good quality
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environment will always have higher fithess compacethose that were born in poorer conditions.
Adapted from Monaghan (2008).

For laying hens in Norway, the environments expee during rearing and during adulthood
can be vastly different. However, these environmelat not vary in quality along a “poor-good”
scale, such as poor and good food availabilityigih and low predation levels. Instead, they vary
in complexity and, consequently, the physiologeadl behavioural qualities the hens must have
to make full use of the resources in each envirariniehese different levels of environmental
complexity subject the birds to different pressused obstacles they must manage in order to

optimise their biological function.

According to the Predictive Adaptive Response aineSSpoon hypotheses, fitness is affected
by the conditions of the early life environment ahd (mis)matching between young and adult
environments (Monaghan, 2008; Bateson et al., 20h4a similar manner, laying hen welfare
may also be affected by the environmental condstionthe young and adult periods of life. For
example, a hen reared in a simple cage environmmayt not need highly developed spatial
memory to find and access resources and may, trerefllocate energy to other biological
functions rather than the development and mainmnanh specific neurological pathways (see
section 1.4). This adaptation is perfectly suitdblea simple environment. However, if the hen is
later transferred to a more complex environmentight not have the spatial cognitive ability
necessary to navigate the terrain and find andsacasources. Indeed, a study has shown that
hens reared for the first two months of life withagcess to perches have impaired spatial skills
as adults and were not able to access food revimstain locations (Gunnarsson et al., 2000).
In this example, the relationship between youngaudhdt environmental complexity and welfare
behaves much like what would be predicted by tleglietive Adaptive Response Hypothesis for
the relationship between environmental quality &itrtess. Likewise, hens reared in complex
aviary environments and later transferred to aifined cage laying system have to cope with the
new restrictive environment and may have reducelfaveedue to negative emotions such as

frustration according to the framework of the Pcéide Adaptive Response hypothesis.

30



These examples illustrate that it might be possibleuse the theoretical framework of the
Predictive Adaptive Response and Silver Spoon thgsats to compare the relationship between
young and adult environmental complexity and welfaven though the hypotheses were created

on the premise of environmental quality and fitn@e® section 5.2).

1.4.2 Proximate mechanisms for the effect of the enviesrtran cognitive functions

Evidence of positive effects of enriched environtsam solving cognitive tasks is available from
previous studies in birds (Pravosudov et al., 20@@)ents (Lyst et al., 2012), and fish (Spence et
al., 2011). Studies of domestic chickens have alsmwn that differences in the early rearing
environment have pronounced and long-lasting effentspatial skills (Gunnarsson et al., 1999;
Gunnarsson et al., 2000). In addition, the liter@tshows that more complex environments and
experiences in the juvenile phase cause a growttiedsrain, particularly of the hippocampus, the
brain area involved in spatial cognition and memdakystudy of marsh titsRarus palustri}
indicates that the brain of birds that had the erpee of food caching had a larger hippocampal
region and more hippocampal neurons compared tdorhi@ of birds that did not experience
caching and food retrieving (Clayton and Krebs, 4)99Another study showed that the
hippocampus of migratory birds increases in sizemwthe birds have experienced migration,

compared to individuals that do not experience atign (Pravosudov et al., 2006).

The effect of environmental experience on cognitiay also be via changes in the dopaminergic
pathways, which are known to affect working memargeveral species including species of birds
(Herold et al., 2008), nonhuman primates (Brozagkal., 1979; Sawaguchi et al., 1990) and
rodents (Zahrt et al., 1997). Dopamine D1 receptothe prefrontal cortex are fundamental for
the expression of brain-derived neurotrophic fad®DNF), which is involved in synaptic
plasticity essential for memory formation (Nieouland Coquerel, 2003; Suzuki et al., 2012; Xing
et al., 2012). Dopamine D1 receptor knockout miagehbeen shown to have spatial learning
deficits (EI-Ghundi et al., 1999; Xing et al., 201Bnockout of D3 receptors, however, improves
spatial memory (Nakajima et al., 2013) and emotior@mory (Micale et al., 2010). Furthermore,
a study in adult laying hens has demonstrated ithate environmentally complex housing
conditions increase the hippocampal cell somaamkresult in a left-skewed asymmetry in the

density of tyrosine hydroxylase (TH), the rate-timg enzyme in the biosynthesis of dopamine
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(Nagatsu et al., 1964; Patzke et al., 2009).rfbiknown, however, whether differences in housing
conditions during the rearing period affects THha chicken brain. Box A describes the process

of synthesis and metabolism of dopamine in thenbrai
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BOX A. Synthesisand M etabolism of Dopamine

Dopamine is synthesised from the non-essential @ramid tyrosine (Figure 2; reviewed
Fernstrom and Fernstrom, 2007; Daubner et al., X0llie enzyme Tyrosine Hydroxylag

n
e

catalyses the hydroxylation of tyrosine to dihydnotxenylalanine (L-DOPA) (Nagatsu et
1964). L-DOPA is then decarboxylated to dopamineh®/ enzyme Aromatic L-Amino Aci

Decarboxylase (Holtz, 1939 in Nagatsu et al., 1984)en a dopaminergic neuron is depolarised
during an action potential, dopamine is releasethfpresynaptic vesicles as neurotransmitters

into the synaptic cleft and binds to dopamine remspon the postsynaptic cell membr

(reviewed in Beaulieu and Gainetdinov, 2011). Frtima synaptic cleft, dopamine is oftg
recycled by dopamine transporters back into theym&ptic neuron (reviewed in Wightman a
Zimmerman, 1990). The catabolism of dopamine resalHomovanillic acid (HVA) (reviewec
in Eisenhofer et al., 2004; Figure 2). Dopaminelmametabolised to 3, 4-dihydroxyphenylacg
acid (DOPAC) by the enzymes Monoamine Oxidase ARBIOA-A/MOA-B) (Richter, 1937,
Erwin and Deitrich, 1966 in Eisenhofer et al., 2DQMiternatively, dopamine is metabolised
3-methoxytyramine (3-MT) by Catechol-O-methyl-trimrase (COMT) (Eisenhofer et al. 1995
Finally, these metabolites are further metabolieedVVA, which is excreted by the kidneys a
liver (Anggard et al., 1974; Eisenhofer et al., 3p9
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1.5 Knowledge gaps

The domestic chicken is a widely used animal spdoiefood production. As mentioned, close to
7 billion laying hens are produced worldwide pearyen the farming industry (FAO, 2013).
Therefore, it is particularly important to investtg the welfare implications of farming husbandry

procedures.

It is not known how the welfare and productivitytbése animals respond to disparities between
the rearing and adult environments. Nevertheléssptactice of housing adult aviary-reared hens
in furnished cages is somewhat common. This knoydedap was addressed in this thesis.
Furthermore, despite all that is known about feaffexking and the factors that influence it,

particularly in regards to litter supply, no expeental work had ever been performed to test
whether provision of paper substrate in the aviaws from the first day of age reduces the
incidence of feather pecking in adult laying henam aviary farm setting. This was another of the

knowledge gaps this thesis aimed to fill.

Finally, also as a major model organism for botsiband applied avian research (Rose, 2000), it
is not known how the two contrasting environmeritawary- and cage-rearing systems influence
the development of cognitive functions in the laylren. The work performed in this thesis aimed

at investigating this topic, from the behaviounadl groximate/mechanistic points of view.
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2. Aims and Objectives

The aim of this thesis is to increase knowledgthefeffects of the environment during early life
on the behavioural development and welfare of gyiens during the production period. In order

to achieve this aim, this thesis has the followaihgectives.

Objective 1: Welfare and Productivity
The aim of this sub-goal was to establish whetlrelsbreared in aviaries and producing in
furnished cages show behavioural indicators of @oaelfare than did birds producing in

furnished cages after rearing in traditional reguwdages (Papé).

* Objective 2: Spatial Memory
This part of the project aimed to test whetheringgin aviary or cage systems influences
spatial cognition in laying hens (Papé).

* Objective 3: Neuroanatomy
The aim of this sub-goal was to test and descrime long-term impact of early
environmental complexity on tyrosine hydroxylasethie chicken hippocampus and the
caudolateral nidopallium, the avian functional agale to the mammalian prefrontal
cortex (Papetll).

* Objective 4: Feather Pecking
The aim of this study was to describe the effet&coess to a paper substrate from early
rearing on the incidence of feather pecking anthBradamage during the production stage
(Papen V).
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3. Materials and Methods

3.1 Housing conditions

3.1.1 Experimental animals

In the studies presented in this thesis, two breédemestic chickenGallus gallus domesticls
were used as experimental animals. All animals werebeak-trimmed and of normal health. In
paperd andlV, female Lohman-selected leghorn chickens of agé Weeks (in papd) and
0-21 weeks (in papd were studied within a commercial setting. In papé andlll, female
white Dekalb chickens of ages 0-23 weeks (in paljeand 0-24 weeks (in papldi) were studied

in an experimental setup.

3.1.2 Rearing conditions

For all papers, rearing took place at commerciahfaand, aside from any specific treatments, all
other husbandry procedures such as feeding, liglaimal temperature, were standard and followed
recommendations from the management guide of tlegamet layer breed. In papgrthe birds
were incubated and hatched at the same time isaime hatchery. They were then reared in one
of two rearing treatments: in an aviary- or in awentional cage-rearing system. Birds in the two
treatments were provided with the same feed bue Wweused in different rooms containing either
aviaries or rearing cages at the same farm. At dékw of age, 7500 hens, half from each rearing

treatment, were transported to the same furnishgd production farm.

In papersll andlll, the birds were hatched at a commercial hatchedyraared in separate

corridors in a single room until 16 weeks of agg(Fe 3). Each corridor had either a cage- or an
aviary-rearing system. This system consisted oesajacked in three tiers on either side of a
corridor, allowing inspection by the caretaker. édiges could be opened at the front allowing the
birds to move between tiers and the floor of theidor. To increase the pullets’ ease of access,
ramps ran from the floor to the second tier. Whendoors were opened, perches extended from
the front of the first and second tiers. On arriaathe rearing farm at one day of age, all birds

were placed within the aviary rows with the dodosed. At four weeks of age, the doors of half
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of the house were opened, allowing the animalsdeenfreely within their corridor and tiers. This
was the aviary-rearing group. The other half of tages remained with the doors shut and the
birds enclosed inside, resulting in a cage-reasysem. The animals remained in their respective

environments until 16 weeks of age.

In paperlV, 12 rearing farmers were assessed for eligibiiiythese, five had the appropriate
facilities for the study design and agreed to bmled into the study. Among the five farms
included, approximately 489,000 laying hens weneloanly allocated to one of the two treatment
groups. The rearing farmers were asked to closalithisions between the aviary rows of the
system in order to stop the animals from movingMeen corridors, effectively forming two
separate groups within the same house. In oneeskthroups, the rearing farmers supplied the
cages in the rows with chick paper over the floetting from the time of arrival to the rearing
farm until the age when they are let out onto therfof the system (i.e. at 5 to 6 weeks of age).
The chick paper makes it easier for the young alsitoawalk on the wire mesh without getting
their legs caught. It also allowed the collectidmparticles such as dust, spilt food and droppings,
thus providing the chicks with foraging substrateide the aviary row from the first day of age.
For the control group, situated in another row mithe same house, no paper was supplied. Thus,
the animals in the control rows were standing ore lmetting inside the cages until the day they
were let out onto the floor. At five to six weekkame, the side doors to the aviary rows were
opened for both treatment groups and the animate \abowed to move freely within their
corridor. At 16 weeks of age, the hens were trartsddrom the rearing farms to production farms,
where they were visited by the researchers for daitaction. Only aviary production farms were
visited for the purpose of this study. Each promuctarm received hens from only one rearer and
from only one treatment group. Any production farimat received mixed flocks were excluded

from the study.
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Figure 3: Photograph of one unit of therearing system used in papersil and I11. The left side
of the image shows housing conditions for aviagree birds and the right side shows the
conditions for cage-reared birds. Photo credit: rkad Salte.

3.1.3 Experimental housing

In papen, birds from both rearing treatments were tranggbftom the rearing farm to the same
production farm at 16 weeks of age. The housinthatproduction farm was furnished cages
(designed for housing 10 hens according to EU requents) and contained eight to nine birds per
cage according to Norwegian legislation. 7,500 dirdalf of which came from each rearing
treatment, were included in the study. The groupeevkept separate so that the composition of
each cage was not mixed but either contained b&alsng in conventional rearing cages or birds
reared in aviary systems. The cages were tierdadnvibe house creating three levels of cages,
arranged in four rows. Each row contained eithéargvy or cage-reared birds. For papkersnd

IV, all other husbandry procedures were standard falhmved recommendations from the
Lohmann Management Guide (Lohmann, 2014).
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In paperll, 24 birds from each treatment (N = 48) were tranga from the rearing farm to the
experimental facilities at the Norwegian UniversityLife Sciences campus Adamstuen, Oslo.
There they were group housed in Victorsson T10i$twed cages. Each cage contained two aviary-
reared and two cage-reared birds. In paperat 16 weeks of age 40 birds from each treatniént (
= 80) were transported to the poultry facilitiestla¢ Norwegian University of Life Sciences,
campus As, Norway. Here they were housed in custoithpens. Each pen contained one nest
box, an elevated platform at 110 cm height and pexches, one at 70 cm height and one at 140
cm height. Birds were housed in mixed groups obstary-reared birds and six cage-reared birds
per pen. For papert andlll, all husbandry procedures were standard and feliothe

recommendations from the Dekalb Management Gutbl&,(2009).

In papenV, each treatment and control flock from each regfamm was transported to an aviary
production farm. No mixed flocks were included e tstudy. The hens were treated as any other
production flock. Most often production farmers waiot aware that the hens were participants in
a research project. Those farmers that knew wénddd to which treatment the flock belonged.
The flocks were visited by the researchers at at@hweeks of age, the peak of lay. During the

visits, the hens were assessed for pecking behaaralifor feather damage.

3.2 Feather damage and feather pecking

In total, 23 aviary production farms were visiteda papernV. Each farm contained on average
7500 laying hens from the same rearer and fronsdin@e treatment group (paper or control). The
same two researchers visited each production fawce when the hens were around 30 weeks of
age, the peak of lay. This time point was chosemrasge where birds are settled into the
production environment, the laying percentage igtsahighest and feather quality should be
optimal (no feather damage due to advanced ag#).@oducers and researchers were blinded to
which experimental treatment the visited flock Imgjed. During this visit, which lasted two to
three hours, the hens were assessed for signatbefepecking via inspection of the plumage and
by direct observation of pecking behaviour. In &#iddi during the visitation to production farms,
the researchers made notes on the use of envirdgaheemichment.
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3.2.1 Feather damage

In paperlV, feather damage was assessed individually on sigi to 100 hens per flock. This
assessment method was adopted from the Welfaretymi@lssessment protocol for laying hens
(Welfare Quality, 2009). It was decided that theegsment should be done on sight, rather than
by handling the birds, to minimise stress and digtnce. Choice of hen was based on the
following principle: one hen was chosen and thesdcalosest to that hen was visually scored.
Only hens that had all assessed body parts visilblee observer were scored. The observer walked
calmly along the corridors and scored hens frorpatls of the house (floor, slats, ramps, perches,
etc.). Scores were awarded using a three-poinescothree different body parts: head/neck,
back/rump and belly/cloaca. Each area was givaaogedrom A to C. A score “A” was awarded
to areas with no or only slight wear of the feashéB” was given when the area had at least one
patch of naked skin less than 5 cm wide. Areas atifleast one patch of naked skin wider than 5
cm were given the score of “C”. These individuada®’ scores were then added to yield a total
feather score for each bird as follows: if all thereas were scored “A” the total feather score was
0 (zero). If the hen had received at least one t8it,no “C”s, the total score was 1. At least one

“C” would result in a total feather score of 2. Tihdividual scores were used in the analysis.

3.2.2 Feather pecking

In papenV, direct feather pecking observations were cawigidn two different locations within
the house, one close to the outer wall of the hansieone in the centre corridor. In each location,
the observer sat down quietly and waited until nadsthe hens in the area 80%) no longer
directed their attention towards the observerdignot point either eye at the observer. Follayin
this, the observer selected an area of approxignateir on the floor and noted any events of
gentle and severe feather pecking within that drgang 20 minutes. Gentle feather pecking was
defined as nibbling and gentle feather pecks withieaction from the receiver. Severe feather
pecking was classified as forceful pecks with agitso pull feathers from the recipient’s body,
generally leading to a withdrawal response of #eiver. The observer noted how many of each

type of pecking were observed.

3.3 Behavioural observations
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3.3.1 Home cage observations

Home cage observations were performed in phpEne flock at the production farm was visited
on two separate occasions during the laying penode at 19 weeks and again at 21 weeks.
During both visits, a total of 99 cages from bathring treatments were recorded with the use of
hand-held cameras mounted on tripods. No cage Wvasdf more than once. After recording
started, the researcher left the house for ten tesnbefore returning to place a novel object, an
empty water bottle, attached to the inside froms lmd the filmed cages. The researcher then left
the room containing the birds and recording corthior a further ten minutes. Subsequently, the
researchers returned to remove the novel objedith@cameras and assembled them in a different
location within the house. The video recordingsenater viewed with Observer XT 7.0 software
for behavioural analysis of indicators of comfantdaaversion and of alert behaviour towards the

novel object.

3.3.1.1Behavioural indicators of comfort and aversion

In paperl, the behavioural analysis was conducted by a asirggearcher who was blind to the
rearing background of the birds. Observations conuee after one minute of recording to avoid
recording behaviour of the birds in the presencéhefresearcher. The birds in the cage were
numbered and a focal animal was selected at ranbihotine event of the focal animal moving out
of sight, the chicken immediately to its right bewa the focal subject and was observed
subsequently. The behaviours noted are presentd@bte 1. For preening, bout length was
measured as well as frequency and total durationtié remaining variables, only the frequency

was recorded.

Table 1. Ethogram of comfort and aversion-related behaviour

Behaviour Description

Flap wings Bilateral wing movement including wiraising
Stretch wings  Unilateral backward and downwardtsiiag of leg and wing together
Dust bath Lie on side, scratch at cage floor, rebdhand neck on floor, open

wings.
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Feather raise Raise feathers with or without rigerootation of body around axial
plane, subsidence of feathers back to smooth positi

Preen Raise feathers and clean or realign thembeik
Scratch self Leg brought upwards and forwards unileg to scratch lowered head
Tail wag Rapid sideways movement of tail

Shake head Rapid rotary movement of head, accoegbdny slight raisin of head
and neck feathers

3.3.1.2Alert behaviour towards a novel object

In paper, the animals’ alert behaviour was measured irtiogldo the duration of time the focal
bird remained in the zone closest or farthest ftbexnovel object and whether the bird directed
its attention to the novel object (Table 2). Obatéions for alert behaviour started one minute after
the placement of the novel object into the homeecage focal animal was selected in the same
method as for observations of comfort and averbmmaviours. In the event of the focal animal
moving out of sight, the bird directly in front bfwas selected as the new focal animal so to avoid
influencing the duration of occupation in any giveme. All variables were recorded continuously

and were mutually exclusive.

Table 2. Ethogram of alert behaviours definitions of proiyno novel object

Behaviour Description

Near to novel Subject’s head occupies the half of the cage hgubki novel object

object

Far from Subject’s head occupies the half of the cage fartinem the novel object

novel object

Alert Neck extended vertically, either eye oriented tavasvel object. Includes alert

behaviour behaviour in both sitting and standing positiond, $itting as a component of
nesting or dustbathing not included. Extended ttetiaviours for drinking are

not included
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3.3.2 Holeboard maze

The holeboard maze (papé)y can be used to measure working memory, gener&imgpmemory,

and reference memory in a number of situations¥ahg a habituation period. It is an open field
arena containing nine identical small cups equadiisto each other in a 3 x 3 matrix (Figure 4).
The cups sat on top of thin wood-coloured platerRo habituation, the birds were taught that
food rewards in the form of mealworms could be fbunside the small cups. During the
habituation period of five days, all the cups ie thaze contained one mealworm each and the
birds were given the opportunity to explore the engwpairs, for the first day, and alone, for the
last four days, for five minutes. All 48 birds wdrabituated to the maze. Their performance in
speed and efficiency at eating all the mealworms rgaorded and the 24 best birds (one aviary-
reared and one cage-reared from each cage) wextegkfor use in the testing phase.

During the training and testing period, only thoeg of the nine cups contained mealworms. In
the first, uncued acquisition phase of the testhddrd entered the maze alone in twice dailygrial
for 14 days. The configuration of baited cups eaicth experienced was always the same during
this phase. During this phase, the birds were éthito find the three mealworms in the room
without the aid of any cues to distinguish baitexhf unbaited cups. The trials lasted a maximum
of five minutes and were terminated early in thereof the bird eating all three mealworms within
that time. In the second phase, the configuratidmaded cups remained the same as before and
cues were added to the baited cups, so they ceuwddily distinguished from the others. This was
achieved by placing red wooden plates underneathdhed cups. During this phase, which lasted
five days, the birds also visited the maze alongvine-daily trials of maximum five minutes but
these were terminated early when the three meals/avene found. In the third phase, the over-
training phase, the cues were removed from undebéited cups and the maze returned to the
same state as during the uncued acquisition phagephase also lasted five days. The fourth and
final phase, the reversal phase, lasted four dégre the configuration of baited cups changed and
there were no cues to distinguish baited from uedaiups. This introduced a change that required
the birds to replace the previous information rdgay the configuration of the rewarded cups with

information about the new configuration.
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The following measures were noted and/or calculdtedeach trial: trial duration, working
memory, general working memory and reference memioajl duration was defined as the total
duration of the trial until all mealworms had besaten or the maximum of five minutes has
elapsed. Working memory was defined as the ratrewéarded visits to the number of visits to the
baited holes. General working memory was definethasatio of the number of unique visits to
the total number of hole visits. Reference memaayg wefined as the ratio of the number of visits
to the baited holes to the number of visits tdhales. For each individual, the average of each of

the four measures was calculated per phase andwhiage score used for statistical analysis.

Figure4: Photograph of holeboard area. Panel A: holeboard setup configuration as useshgur
uncued acquisition, over-training and reversal phaBanel B: representative configuration of the
holeboard setup for the cued acquisition phase.rélevooden plates mark baited cups. Photo
credit: Fernanda M. Tahamtani.

3.4 Physiological methods

3.4.1 Blood sampling

Blood sampling was performed for measurement abdbiglucose concentrations in papefhe
sampling occurred on the last day of the two visitthe production farm after all the behavioural
data had been collected. The blood samples welextad from 24 different animals per treatment
per visit. Only one hen per cage was used forgtosedure.

The hen was taken out of the cage by one reseagolddneld while the comb was pricked with a
Haemolance lancet to produce a drop of blood. Tbhp @as collected on the strip of an Accu-
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Check Mobile glucose monitor and values were raeettlly from the monitor. The duration of

the procedure from the collection of the bird te temoval of blood was 1 min.

3.4.2 Brain dissections and immunohistochemistry

Anti-tyrosine hydroxylase immunohistochemistry bétchicken hippocampus and caudolateral
nidopallium (NCL) was the subject of papér. The brains were dissected at 20 and 24 weeks of
age after the birds had been sedated and euthamysedrvical dislocation. After immersion
fixation with paraformaldehyde and 30% sucrosebptiagns were frozen and stored at -80°C. Later
the brains were cryosectioned in the frontal plane laid on Superfrost slides. The hippocampus
and NCL were identified with the use of a braimatior 2-week-old chickens (Puelles et al., 2007)
taking into account the increased brain size fonshet 20 and 24 weeks of age.
Immunohistochemical detection of TH was performethg 5% normal goat serum for blocking
and incubated with rabbit polyclonal tyrosine hydiase antibody. Negative controls were
incubated with rabbit immunoglobulin fraction. Thstaining was visualised using 3'3-
diaminobenzidine (DAB).

3.4.3 Tissue imaging

In paperlll, the immunohistochemical staining of TH in chickemrains was imaged with the
ZEISS software ZEN Pro 2012, Blue edition, (ZEI&®rmany), which was used for imaging
with a Zeiss Imager M2 AX10 microscope and Zeisgo8am 506 colour camera. Hippocampal
measurements were undertaken in two distinct atbasmedial hippocampus (mHp) and the
dorsomedial hippocampus (dmHp), whereas the NCLamaf/sed as a whole. Regions of interest
(ROIs) were selected under x10 magnification usiregcontours function (Figure 5), and the
average pixel intensity in each ROl was calculaiéd background pixel intensity per section was
also measured from an area of no staining in ticeéase The values from the ROIs were then
corrected for variability in staining per sectiop $ubtracting these values from the background
intensity. As intensity is on an inverted scalgyfhintensity levels mean low levels of staining),
this background correction results in the diffeemetween background intensity and staining

intensity, a measure that is directly proportidieastaining level.
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Figure5: Representative tyrosine hydroxylase immunohistochemical staining with thethree
analysed areas. Panel A: Schematic drawing of the chicken braictisaed along the coronal
plane illustrating the hippocampus (Hippo) and acdaigtral nidopallium (NCL) (interaural 2.56
mm). Panel B: Photograph of the dorsomedial hippgmes (dmHp), medial hippocampus (mHp).
Panel C: Photograph of caudolateral nidopalliumN®hoto credit: Fernanda M. Tahamtani.

3.5 Production data

In paper, production data were collected by the producdnaere summarised for 20, 24, 28, 41
and 73 weeks of age. These data included egg pioduaverage egg weight and egg quality
illustrated by the number of eggs with hairlineaks Hen mortality was noted throughout the

production period until euthanasia at 76 weeksef a
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3.6 Statistical analysis

In paperl, comfort behaviour was comprised of long boutgp@Eening (over 2 seconds long),
wing flapping, wing stretching, dustbathing, feathaising and tail wagging. Aversion-related
behaviour was comprised of short bouts of preefupgto 2 seconds long), self-scratching and
head shaking. Due to a large number of birds netopming comfort or aversion-related
behaviours, the data did not conform to the assimgf the general linear model (GLM) and
therefore an ordinal variable was created to irtdigehether a bird showed comfort or aversion-
related behaviour or not. This variable was usedfalysis instead. The effects of treatment on
the number of birds showing comfort and/or averselated behaviours was then analysed using
ordinal logistic regression in a model including thffects of rearing treatment, cage height

(bottom, middle or top) and the interaction betwgeatment and cage height.

Long and short bouts of preening were analysedratga. An ordinal variable was also created
for this data set, because of a large number afszéndicating whether the birds performed long
and/or short preening or not. The modelling proceduas the same as explained above. The
duration of alert behaviour performed in the hélfhe cage closest to the novel object conformed
to the assumptions of the GLM. Therefore, ANOVA weed to test the effects of rearing and
cage height, as well as the interaction betweesethwo factors, on the duration of alert behaviour.
Data for blood glucose concentration were normaiiyributed and analysed with the Student's t-
test to compare rearing treatments. The resultedarmortality, egg production, and egg quality

data are reported as chi-squared and p-values.

In papeill, a repeated measures ANOVA was used to test et ef rearing environment on the
four parameters (trial duration, working memoryngel working memory and reference
memory), with bird as random factor nested in treatt, and treatment and phase as fixed factors,
as well as the interaction between treatment arak@hin papetll, the effect of rearing
environment on the TH staining intensity was testgidg repeated measures ANOVA, with brain
ID as a random factor nested in treatment and im) @ed treatment, age and hemisphere as fixed
factors. The interactions between treatment and age and hemisphere, treatment and

hemisphere and treatment age and hemisphere vegerénaluded in the model. The fixed factor
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room was also tested but found to be insignifiéaneach dependent variable and thus removed

from the final model.

A short description of all response and explanatanables investigated in padéf are presented

in Table 3. In papelV, the counts of gentle and severe feather peckieg analysed using
Negative Binomial Regression. The final models lhoth gentle and severe feather pecking
included treatment (control vs. paper), enrichngerd rearing farm as fixed factors. The feather
score data were analysed using a mixed multileveéred logistic regression model, using
production farm and rearing farm as random effecsccount for lack of independence between
data points within farms. Feather score was thewdgnt variable with score 0, 1 and 2 as the
three alternatives, and the final model includeslftked factor treatment (control vs. paper) and
farmer and rearer as random effects with farmetedeis rearer. The results are reported as the
odds ratio of having a higher feather score foratwtrol compared to the paper treatment group.
All statistical analyses were performed using JMR&sions 9.0 to 11.1.1 (SAS Institute Inc.,
Cary, NC, USA) and Stata SE 14 (StataCorp LP).

Table 3. Description of all response and explanatory véeminvestigated in papé¥ (Savory
1995)

Response Description

variables

Gentle feather Nibbling and gentle feather pecks without reactrom receiver Pecks/min
pecking

Severe feather  Forceful pecks with attempts to pull feathers frtm recipient’s body,
pecking generally leading to a withdrawal response of geeiver Pecks/min

Feather damage Overall damage score from zero (no damage) to @ dhaage)
score

Explanatory

variables

Treatment Experimental treatment as applied duhiegearing period

Rearing farm Farm responsible for the rearing merid total of six rearing farms
participated in this study

Enrichment Presence or absence of environment@hement at the production farm

System Classified as “open” or “closed”. Referghe availability of floor space

and ease of movement of hens within the produdteurse
Production farm  Farm for the production period.ofat of 23 farms were included in this
study
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4. Synopsis of results

4.1 Paper |

This study aimed to establish whether birds reameaviaries and producing in furnished cages
showed behavioural indicators of poorer welfarentbads producing in furnished cages after
rearing in traditional rearing cages. It was hypsteed that, due to the effect of frustration and
stress caused by environmental restriction, bedsad in aviaries would show poorer welfare than
those raised in rearing cages. Hens from bothngdreatments were transported, at 16 weeks of
age, to the same furnished cage production houssy Were visited twice during the production
period and observed for comfort behaviours, avarsébated behaviours and alert behaviour
towards a novel object. Data were also collectechfeach group on production parameters and
blood glucose concentration. Aviary-reared birddqrened more alert behaviour towards a novel
object than cage-reared birds at 19 but not atédke/of age (Figure 6). In addition, aviary-reared
birds in the cages in the lower tier tended to gyenf more comfort behaviour than cage-reared
birds. There was no difference in aversion-reldietdaviour performance or in blood glucose
levels between the treatment groups. Howeverraveared birds had higher mortality than cage-
reared birds with 209 dead aviary birds compareth W4 dead cage birds throughout the
production period.

100 *

80

19 weeks 21 weeks

Figure 6: Results from paper |. Mean time (seconds) spent showing alert behavioawviary-
(blue bars) and cage- (red bars) reared birds @nti921 weeks of age. Significant differences

marked *.
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4.2 Paper Il

In paperll, the effects of aviary and cage rearing on spatghitive functions were described.
The aim was to test the hypothesis that reariragbarren cage environment relative to a complex
aviary environment causes long-lasting deficithmability to perform spatial tasks. Laying hens
were reared in two groups in the same room but eftarent levels of environmental complexity.
24 birds, 12 from the aviary treatment, 12 fromdahge treatment, were then trained and tested in
a holeboard task. All but three chickens, two frttva cage-reared treatment and one from the
aviary-reared treatment, searched for bait in tbkebdoard. The birds that did not search the
holeboard were excluded from analysis. Mean tnahtion for both treatment groups decreased
during training. Likewise, as a whole, the memooynponent performance (working memory,
general working memory and reference memory) irsg@avith training but dropped when tested
in the reversal phase, for both treatments. Ovehale were no treatment effects on trial duration
or any of the memory components. There were, horyenteraction effects of treatment and
phase. During the reversal phase, when the ledaiedonfiguration was changed, the cage-reared
chickens took longer to complete the holeboard thak aviary-reared chickens. Furthermore,
aviary-reared birds had better working memory pgeméince during the reversal phase compared

to cage-reared birds.

4.3 Paper Il

In paperll, results from the holeboard maze demonstratedhavibeural effect of differential
levels of rearing environment complexity in cogvatiability, specifically in memory. Therefore,
the study presented in papér was devised to further investigate this at theoewemical level
and attempt to understand the proximate causaftitrese results. Brains (N=67) were dissected
from birds that received the same rearing treatmastthe birds used in papérat 20 and 24
weeks of age. The brains were then prepared foruinmmistochemical detection of tyrosine
hydroxylase (TH), the rate-limiting enzyme in thedynthesis of dopamine. The areas analysed
were the medial hippocampus (mHp), dorsomedial depmpus (dmHp) and caudolateral
nidopallium (NCL). In the mHp, the right hemisphefeaviary- and cage-reared birds of both ages
had higher staining intensity for TH compared te k&t hemisphere. There was also a tendency

for brains at 24 weeks of age to have more TH coetpe younger brains at 20 weeks of age. No
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effects were found on the TH staining intensityhie dmHp. In the NCL, the results also indicated
an effect of the hemisphere on TH staining intgngitis time with the left hemisphere having
higher levels compared to the right. There was alsanteraction effect between treatment and
age. However, this effect was lost afpest hodesting.

44 Paper |V

The primary aim of papdi/ was to test the efficacy of provision of a papdrsirate during the
rearing period on the reduction of feather pecking commercial farm setting. Neither gentle nor
severe feather pecking was found to be affectettdatment (control or paper). However, both
were found to be affected by rearing farm. In &addit production farms that provided
environmental enrichment had flocks performing lgsstle feather pecking at 30 weeks of age
compared to production farms that did not provideahiment, regardless of which treatment the
flocks received during rearing. The results offéegher score show that the odds ratio for having
a higher feather score category for the control gan@d to the paper treatment group was 3.28.
This means that the estimated odds of having aehitgather score, i.e., poorer feathers, is 3.28
times as large for a bird from the control treattrmympared to a bird from the paper treatment.
Overall, birds from the paper treatment group hdugaer probability of having feather score 0
and a lower probability of having feather scorer 2dahan the control birds. Thus, the effect of

paper could be seen on all levels of feather darmege.
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5. Discussion

5.1 Environmental complexity and laying hen behaviour and physiology

In papen, it was seen that in the early weeks after trarnsféhe furnished cage production farm,
aviary-reared birds performed more alert behaviowards a novel object than cage-reared birds.
As previously mentioned, alert behaviour towardeweel object is associated with positive choice
and is, therefore, an indicator of positive welf@xkcol et al., 2011b). The finding that aviary-
reared birds performed more alert behaviour thge-caared birds was, therefore, surprising as it
was expected that aviary-reared birds would bessta and/or frustrated by the restrictive
environment and would show behavioural signs ofrpowelfare. Instead, these results suggest
that these hens have better welfare than cagedrdemes in the early weeks after transfer to
production in furnished cages. The aviary-rearingirenment exposes the birds to a greater
number of novel situations and possibilities faragsng unwanted situations. For example, in an
aviary house, the farmer often has to remove sdrtteeditter that accumulates on the floor of the
aviary every few weeks. This activity may involuwenging into the aviary wheelbarrows, shovels,
buckets and even new personnel. In a cage sydtentype of activity is not necessary, as all fitte

is collected on and removed by the litter beltstpmsed under the cages. The aviary environment
also presents a larger space to explore and magpoeoifics with which to interact. As seen in
paperi |, the density in a cage-rearing system (25 bir@sigrhigher than that in an aviary-rearing
system (12 birds/f). Therefore, the greater space available to tims ladlows them to escape
situations they would rather avoid (Sandilands lgt2909). Chronic stressors that cannot be
predicted or avoided generally result in depresil@n symptoms referred to as learned
helplessness, which is normally characterised bbgck of responsiveness to external stimuli
(Taylor et al., 2001; Richter et al., 2013; Vollmand Gass, 2013). Freedom of movement in
aviary-reared hens is likely to provide them witlh experience of having control over their
surroundings, which would reduce the risk of depilg learned helplessness. Indeed, it has been
shown that access to perches in loose housingsystziuces aggression and cloacal cannibalism
because lower-ranking/pecked hens use the perclestape higher-ranking/pecker conspecifics
(Sandilands et al., 2009). However, learned hedpless was not assessed in the current study so
it is not possible to affirm that learned helplesssiwas a factor behind the treatment effects
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observed. Nevertheless, as a sign of positive ehdiccol et al., 2011a; Nicol et al., 2011b), the
alert behaviours observed in paperindicate that aviary-reared birds demonstrate @ebe
capability to cope with environmental change thagesreared birds, and experience better
welfare, at least during the first three weeksrafensfer from rearing to production environment.
The combination of intermittent exposure to novelhd the experience of having control over
their surrounds is likely to cause long-term chanigepersonality that result in a better ability to

cope with environmental change (Carere et al., 2005

The frequency of performance of comfort behaviawerall, across both rearing treatment groups,
was low. Wing stretch was only observed four timésle wing flapping and dustbathing were
not observed at all. This was expected, as it asswknthat the frequency of comfort behaviours in
furnished cages is low, even at low stocking dessitwhen each individual has more space in
which to perform such behaviours (Albentosa andgeod004). Nevertheless, the results showed
that, at 19 weeks but not at 21 weeks, aviary-tebnmgls perform more comfort behaviour in the
bottom tier compared to cage-reared birds. Consigé¢he instinctive anti-predator behaviour of
perching and roosting high from the ground (Newpet al., 2001), this result suggests that
aviary-reared birds experience better welfare ttzage-reared birds when prevented from moving

away from the ground.

These results on comfort and alert behaviours sidat aviary-reared birds have better welfare
than cage-reared birds, but only during the fest fveeks after transfer from rearing to a furnished
cage production house (i.e. at 19 weeks of ageR1Awveeks, no such differences were found.
Furthermore, the time aviary-reared hens spent stgpalert behaviour is numerically lower at 21
than 19 weeks (Figure 6). This is important aadigates that the two groups are more similar at
21 weeks of age because the welfare of aviary-telairels decreased compared to at 19 weeks
while the welfare of cage-reared birds remainedlstarhis notion is further corroborated by the
results of this study showing that mortality waght@r in aviary-reared hens (5.52%) compared to
cage-reared hens (2.48%) throughout the layingogei©verall, these results are interesting
because they suggest that aviary rearing produaae mobust chickens with better coping
mechanisms, but that these attributes are notcgiitito cope with the restrictive environment in

the long term. In addition, these results indi¢htd hens reared in traditional rearing cages seem
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to have better survival under the conditions aimished cage production system, but they do so
under poorer levels of welfare than would be pdssibhis is indicated by higher performance of
alert behaviour towards a novel object by aviared birds, compared to cage-reared birds, three
weeks after transfer to the furnished cage prodaodarm (paper). As discussed in section 1.1.1,
furnished cages were developed in an effort to awpropportunities for behavioural expression
while maintaining the economic and health advargagecage housing. Mortality due to disease
or injury has impacts on both physical health amathtal well-being (Cockram and Hughes, 2011).
Therefore, the high mortality of aviary-reared hamgaperl suggests that aviary-reared hens
experienced poorer welfare (both poor physical theahd poor mental well-being) when

transferred to a furnished cage production systempared to cage-reared hens.

Blood glucose concentration is used as an indicafostress as it increases as a result of
corticosterone secretion from the adrenal corteloiong activation of the hypothalamic-
pituitary-adrenocortical (HPA) axis (Simon, 1984nliasilar and Aksoy, 2005). Blood glucose
concentrations have also been validated as anaitwdiof welfare based on their negative
association with positive choice (Nicol et al., 2D0n papet, no difference between the blood
glucose concentrations of aviary and cage reames bvas found. This was contradictory to our
prediction that aviary-reared birds would be fratad following transfer to the more spatially
restrictive environment. These results do not cetey support the findings from the behavioural
observations, which indicate that aviary-reareddhrave better welfare than cage-reared birds at
the third week following transfer between systelis, however, likely that behaviour is a more

sensitive measure of the birds’ response to enmisrial change than activation of the HPA-axis.

In paperll, the results from the holeboard task indicated #wary-reared birds have better
working memory compared to cage-reared birds. Whgrknemory is considered a form of short-
term memory while reference memory is considerddran of long-term memory (Bimonte-
Nelson et al., 2003; Xing et al., 2012). Workingmuey contains elements that are trial dependent
— “what has happened, when and where” such as wialgs have been visited — and helps the
bird avoid revisits and maintain an effective foragstrategy (van der Staay et al., 2012). It must,
therefore, be reset after each trial so as natftoence performance in the next trial (Ordy et al.
1988; Frick et al., 1995). Cage-reared birds hagetolevels of working memory than aviary-
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reared birds during the reversal phase. This diffee in short-term working memory indicates
that rearing in a barren environment adverselycggfevorking memory. It is noteworthy that the
repeated training in a cognitive task for a six-kvperiod does not compensate for the cognitive
deficit caused by early life in a relatively impossled environment. A previous study indicates
that the first two months of life without accesgptrches is enough to impair the cognitive skills
necessary to move around a three-dimensional Spadeging hens tested at 16 weeks of age
(Gunnarsson et al., 2000). In addition, a recamtystound that aviary-reared birds make more use
of perches and elevated platforms compared to tzayed birds (Brantseeter et al., 2016a). The
reduction in working memory in cage-reared birdthatreversal phase, seen in conjunction with
the corresponding elevated latency to eat all tealworms seen in papér, may indicate that
these individuals are more sensitive to environ@aesttange than aviary-reared birds. Therefore,
the results from papér might suggest that aviary-reared birds are m@dieat to environmental
change compared to cage-reared birds. It is impbttanote that differences in trial duration
between the two treatments were only observed guhie reversal phase. This indicates that the
cage-reared birds had difficulty in finding the o@wards due to the change in the configuration
of baited cups, but not due to any limited mobihégulting from rearing in the space-restricted

environment of a rearing cage.

Similar to the results from papHr comparing aviary- and cage-reared laying hens edtinated
laying hens show a reduction in spatial learninggsmance compared to the wild ancestor, red
jungle fowl, due to artificial selection for highrq@uctivity (Lindqvist and Jensen, 2009).
Domestication and selection for high productiviéguce the need to spend energy searching for
food, as it is made freely available, and resuitthe allocation of more resources to production
traits (see Andersson et al., 2001; Lindqvist aedsén, 2009). In papét, we see that the
complexity of the aviary environment requires satiecation of energy to cognitive functions as
feed and other resources are more difficult to s&ac@mpared to the more simplistic cage
environment.
Unfortunately, the results from papeét did not shed light on the proximate mechanismthef
environmental complexity effects on working memafye did not find any treatment effects of
aviary- and cage-rearing on the staining intensftyH in the chicken hippocampus and NCL.
The chickens were reared in an aviary or in cagéis 16 weeks of age, at which point they were
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transported to experimental facilities and weredeauin equal pens of intermediate complexity
between aviary and cage systems. They remaindusitype of housing until brain dissections at
20 and 24 weeks of age. It is possible that dutheg period of experimental housing, any
differences between the rearing groups disappe#resdalso probable that an environment more
complex than an aviary, such as a free-range systeuhd produce the expected differences in
TH in laying hens (Patzke et al., 2009). An altéx@areason for the lack of the rearing effects on
TH is that dopamine is not the sole modulator ofmogy formation. Future research in this area
should look for changes in other elements of cogminechanisms of memory formation such as
cell soma size, brain-derived neurotrophic fackiv]DA (N-methyl-D-aspartate) receptors, and

components important for long-term potentiatiore(section 5.5).

The results from papetsandl| taken together suggest that aviary rearing prasibees that are
more robust and resilient to environmental chanug more capable of coping with common
stresses that result from husbandry procedures asdinansfer to a production environment.
Indeed, in a parallel study to papemwe also found that aviary-reared hens showedrdevels

of fearfulness compared to cage-reared hens ifirthéve weeks after transfer to furnished cages
(Brantseeter et al., 2016b). In addition, a recémdlys showed that aviary-reared birds are less
fearful towards a novel object and a human obsexwmpared to cage-reared birds (Brantsaeter et
al., 2016a). However, the results from this thats® suggest that aviary-reared hens may not be
capable of coping with the restrictive environmehfurnished cages in the long term and that
cage-reared hens may find difficulty in navigatangomplex aviary environment due to cognitive

deficits.

5.1.1 The role of husbandry procedures on the developuofdeather pecking

In papenV, depriving laying hens of access to foraging sastuntil after the first five weeks of

age resulted in poorer plumage quality as adulishwis indicative of feather pecking. The paper
introduced to the aviary row cages at one day efalpws the accumulation of feed, waste, and
dust particles, creating a litter area and progdmpportunities for expression of aspects of the
appetitive phase of feeding behaviour, such asgiogaand food manipulation. As discussed

previously, hens are highly motivated to peck améde. Domestication and selection for high
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productivity resulted in layer breeds ingestingdad higher frequencies than the wild ancestor
(Andersson et al., 2001). Studies with blind amghtgd hens indicate that domestic hens are both
internally and externally motivated to peck (Sandpal., 2014). Therefore, chicks learn to peck
even when no appropriate pecking material is avlgla=urthermore, the process of learning to
peck and manipulate objects can be rewarding dvaut related to consumption (Hogan, 1973).
All these factors reinforce exploratory pecking #&gburs and, therefore, withholding the
possibility of doing so can lead to frustrationsaffering caused by deprivation (Dawkins, 1988).
Frustration is a negative emotion that animals awubid if they can and affects welfare negatively
(Dawkins, 1990). In laying hens, thwarting of fegglibehaviour by providing visible but
unobtainable food causes a fear response, whiciitses stereotyped pacing and short bouts of
preening, and increases the concentration of faecatosterone metabolites (Duncan and Wood-
Gush, 1972a; Duncan and Wood-Gush, 1972b; Janckzai.,e2007). These behavioural
consequences of frustration can be reduced withatiministration of anti-anxiety medication
(Duncan and Wood-Gush, 1974). Furthermore, hengbiéxdn increase in frustration-induced
pecking towards conspecifics due to thwarting actes reward or expected resource (Haskell et
al., 2000), and recent studies suggest that experiwvith litter that later becomes unavailable

increases the frequency of feather pecking (Giiail., 2013; de Haas et al., 2014b).

As a negative emotion, frustration impairs the I'peod” aspect of welfare as defined by Webster
et al. (2004). The Brambell report (1965) also aered frustration as an important aspect of
animal welfare:

“The degree to which the behavioural urges of tméels are frustrated under the
particular conditions of the confinement, must benajor consideration in determining its

acceptability or otherwise”.

The results from papér showing that aviary-reared birds suffered highertality in a furnished

cage production farm compared to cage-reared bindy, also indicate that these birds were

suffering from frustration. Anecdotally, a largeoportion of the birds that were found dead had

bloody sores on the head and neck region indicativejurious pecking. This suggests that the

aviary-reared birds may have been more susceptilifee development of injurious pecking than

cage-reared birds due to frustration caused bydaaekpropriate foraging substrate. Similarly, the
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birds from the control treatment in pap®r developed worse feather conditions as adultslylike
due to feather pecking that became habitual, plysagha result of thwarted motivation to forage
during the first five weeks of life. Therefore, tresults from papersandlV suggest that certain
husbandry procedures may induce frustration imathimals, causing deficits in both welfare and
production parameters. Hens reared in aviariesdsples first 16 weeks of life in a complex
environment with free access to foraging substtbelsing aviary-reared hens in a furnished cage
environment is comparatively restrictive and with@mple opportunity to express foraging
motivations. Similarly, chicks reared without accés litter for the first five weeks of life seem t
develop feather pecking as a redirected foragithg@eur due to large innate motivation to forage.
In both cases, the consequences are observed aftakigitial, and continuing, frustration (paper
I) or after said frustration has been terminateg€p&V). This large interval between initial
frustration and when the behaviours were obserugdest that the experience of frustration, of
being thwarted from performing motivated behavipimfuences the development of the hens,
for example developing feather pecking behaviond that these changes may be long-term. In
light of the results from papé¥ showing more feather damage in hens that hade®t given
access to paper from one day of age (control graxgmpared to hens from the treatment group,
it is surprising that no corresponding increaséeather pecking behaviour was observed in the
control group. This may be a consequence of theitbaty of the recording method used. Feather
pecking behaviour in this study was measured at@mé relatively short time period, at 30 weeks
of age for 20 minutes. This method is relativelprsiterm and only gives information from that

one period in time. Feather damage, on the othed,Heappens over a longer period.

It is important to note that the higher mortaliyaviary-reared birds in papérmay have also

been due to a decrease in physical health. A désddge of aviary environments is that they ease
the transmission and spread of diseases and gaasitmpared to cage systems (Tauson, 2002;
2005). Therefore, it is possible that the aviargreel hens had higher mortality due to disease.
Unfortunately, it was not possible to specify ttmige of death in this study as a post-mortem

assessment was not performed.

It is worth noting that in papéW, both gentle and severe feather pecking were wbdeduring
direct observation, in both treatment groups toesdegree. Perhaps this is indicative of the poor
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guality of the litter available. Farmers rarely plypthe aviary corridors with foraging material
such as wood shavings, straw and hay, or choppeth@ard. Instead, they often rely on the
accumulation of dust, feathers, and faeces prodogede animals themselves. Some production
farmers provide environmental enrichment, suchngstgice cream boxes, hanging CDs from the
system, and Siporex blocks. As seen in p&apemproviding such material reduced the incidence
of gentle feather pecking. This is in accordancthhe literature, which suggests that current
substrate is vital for the inhibition of feathercgiang. A study showed that hens housed on wood
shavings perform less feather pecking and morergt@ecking than hens housed on a wire floor,
irrespective of previous experience with littergbliet al., 2001). Furthermore, other studies have
tested the effects of modified management, suctotbghting the inside of nest boxes, having a
radio playing inside the hen house, and includiogsters in the flock, and found that these
modifications reduce feather pecking and featheradge (Zimmerman et al., 2006; de Haas et al.,
2014a). These results suggest that adult layingbeéaviour is somewhat flexible and greatly
influenced by the current environment (Nicol ef 2001; Zimmerman et al., 2006; de Haas et al.,
2014a).

The results from papé¥V also suggest that overall rearing procedures rfiagtahe incidence of
feather pecking as indicated by the significanefiof rearing farm on both gentle and severe
feather pecking. This indicates that the reargstgic management, routines, and attitudes as a
whole can have an impact on the development oféeaiecking. If laying hens are so motivated
to forage, and suffer frustration when deprivedoofging, as the literature suggests, the need to

provide a substrate of constant quantity and gushbuld be clear.

5.2 Consequencesfor welfare (PAR or Silver Spoon?)

In section 1.4.1, the concepts of the Predictivagitve Response hypothesis and the Silver Spoon
hypothesis were introduced, each having a slightfgrent view on how early environment, adult
environment, and fitness interact (Grafen, 1988g8an et al., 2014). As mentioned, much like
fitness, welfare may be affected by any behavioamal physiological consequences of young and
adult environmental (mis)match. The developmentbelhavioural disorders, such as feather

pecking, negative emotions, such as fear and &tistr, and the inability to find and access
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resources have clear welfare implications, botlpforsical health and for mental well-being. It is
possible, therefore, without having had the airtesfing these hypotheses, to interpret the results
from this thesis in their theoretical frameworkitwestigate how the experienced and current
environment influence animal welfare. It was fouhdt interpreting the results of this thesis in
the framework of these two hypotheses might hedgvdronclusions as to what is the best way to

rear and house laying hens for their welfare.

The results of this thesis work in large corresgowith what is suggested by the Silver Spoon
hypothesis. Adult birds reared in more complex enments (paper treatment in papér aviary
rearing in papersandl ) had indicators of better welfare than birds rdanebarren environments.
Birds reared in complex environments had bettemplge (papeltV), performed more comfort
behaviours and alert behaviours towards a noveloblbpr a few weeks after transfer to production
farm (papeil), and demonstrated better working memory perfooeaan a cognitive test (paper
I1). These results from papdrandll suggest that rearing in a complex aviary produwese
resilient and robust hens that are better equippexbpe with changes in the environment (see
section 5.1). Other studies found that a compleargiwrearing reduces fearfulness in laying hens
compared to rearing in a barren cage environmergn{Baeter et al., 2016a; Brantseeter et al.,
2016b). On the other hand, the result that avieayed hens had higher mortality, and therefore
poorer welfare, in furnished cages compared to -cegeed hens (papdn) points to the
environmental mismatching suggested by the framlewbrthe Predictive Adaptive Response
hypothesis. It supports the notion that changes df@ adaptive under certain conditions often
become maladaptive under different conditions (Mybraa, 2008). The aviary-reared hens in
paperl were better able to cope with the transfer toifilmad cages, but not to live there for an
extended period. Alternatively, the cage-rearecsHmed longer in the furnished cages, but did
so under worse mental well-being, particularly dgrihe first few weeks after transfer. It seems,
therefore, that elements of both hypotheses ane sethese results, perhaps with the Silver-
Spoon-like framework having the most support irharsterm period (e.g. weeks after transfer)
and the Predictive-Adaptive-Response-like patterrthie long-term (e.g. several months in a

different environment).
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With the results presented in this thesis it issgme to make a graph, based on the ones reported
in Figure 1, but with welfare and adult environnarmdomplexity as the axes and complex and
barren rearing as the curves (Figure 7). It igdiff, however, to imagine the barren rearing curve
with precision. In papelV, we saw that improving environmental complexite.(iproviding
enrichment) was important in decreasing the inaideof feather pecking, regardless of which
rearing treatment the birds experienced. Indeasl,ishalso supported by previous literature that
suggests that current litter supply is more impurt® the inhibition of feather pecking than
whether litter was supplied in the past or not (Niet al., 2001). Furthermore, modified
management during housing such as providing pediimgks, having a radio playing in the hen
house, and adding roosters to the flock reducésdedamage (de Haas et al., 2014a). This points
to the barren rearing curve being slightly highkart the complex rearing curve in adult
environments of lower complexity and transitiontngslightly below the complex rearing curve,
but still increasing in welfare, as the adult eamiment becomes more complex (Figure 7 A). On
the other hand, perhaps it would be impossiblafoindividual with barren rearing to cope with
a complex adult environment. The results from p&pshow that barren rearing causes long-term
impairments in cognitive skills. Hens reared in emagnight not have the mental capability to
appropriately find and make use of resources i thee sent to an aviary system during the
production period. Indeed, a previous study shothet laying hens reared for the first 8 weeks
of life without access to perches had higher difficin reaching food rewards at elevated heights
compared to hens reared with access to perchesnfé@son et al., 2000). In addition, this
impairment of the hens’ spatial skills was seebtaiveeks of age (Gunnarsson et al., 2000), eight
weeks after hens from both groups were given foeess to perches. This further suggests that
deficits in spatial cognition are long lasting arah prevent the animals from accessing important
resources for several weeks and months. This woalde the barren rearing curve in a welfare
vs. environmental complexity plot to decrease muobre sharply as adult environmental

complexity increases (Figure 7 B).
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Figure 7. Two alternative relationships between environmental conditions during rearing
and during adulthood and their effects on welfare. Welfareis presented on the vertical axis,
adult environmental complexity on the horizontal axis. The complex rearing curve and the
barren rearing curve are presented in green and red, respectively. Panel A: Birds reared in
complex environments have slightly poorer welfarebarren adult environments compared to
birds reared in barren environments (higher peréorte of comfort and alert behaviours but
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higher mortality in aviary-reared birds in papeMeanwhile, birds reared in barren environments
have increased welfare as the complexity of thdtahvironment increases (reduction in gentle
feather pecking in the presence of enrichment, pape Panel B: The complex rearing curve
behaves the same as in panel A, but the barreaddds experience a decline in welfare with
the increase of complexity, due to inability to ei;md resources (barren rearing causes deficits

in working memory, papdt).

It might have been possible to draw the barrennigaurve with more accuracy had we performed
a crossover study in which both aviary and cageetehens had been transferred to, and housed
in, both an aviary and furnished cage productiastesys. This study design would have made it
possible to compare how birds reared in a barreim@ment cope with the transfer and adaptation
to an environment vastly different and more complean what they had been used to. However,

it would have been difficult to find an aviary pradion farmer willing to do this.

Of course, to have a truly complete image of hounighen welfare is affected by the rearing and
adult environment combination, it would be necegdar look not only into blood glucose
concentrations, and behavioural and productiorcatdrs, as done in this thesis work, but also at
other physiological and health indicators as wélbr example, aviary-rearing facilitates
coccidiosis Eimeria spp) vaccination through successive natural exposu antigens (Farr,
1943). On the other hand, because in a cage emv@winthe wire mesh allows infected faeces to
fall out of reach of the birds, coccidiosis vactioa is not effective in cage-housed birds (revidwe
in Reid, 1990; Price, 2012). Therefore, cage-rgannay be a health risk factor for the
development of coccidiosis, particularly if the beme later housed in an environment where they
have contact with pathogens (Broussard et al., 1R&6ne and Bickford, 1986). Another example
is bone weakness and fractures. Aviary systems @mrexercise and greater freedom of
movement, which increases bone strength (McLeaal.e1986), but also promotes more bone
fractures (Kappeli et al., 2011 and reviewed inddands et al., 2009). Perhaps a combination of
aviary rearing a furnished cages production migbtpce stronger bones and fewer breaks.

In any case, the results from this thesis sugdmdtsending hens to produce in an environment
different from that which they experienced duriegning has implications for animal welfare and
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even production parameters. The findings from papedicate that aviary-reared chickens are
less suitable for transfer and production in a cagtem as illustrated by their higher mortality in
the furnished cage production system compared ms kigat were reared in cages. Norwegian
legislation requires that all hens be reared witlseas to perches and substrate material
(Landbruks- og matdepartmentet, 2001). A small priopn of rearing farmers has kept their
conventional cage rearing systems but installedhss and dustbathing areas to fit the legal
requirements. However, most rearing farmers cugrarge aviaries systems (Steinsland, pers.
comm.). Therefore, most Norwegian hens are reareaviaries and later transferred either to
production aviaries or to furnished cages. Tranff@m the rearing system to the production
system is an unavoidable consequence of housingnsgdor laying hens that are currently used.
This transfer, just as the introduction of a spgtoeany new environment, entails new challenges
to the birds, including modification of behavioorduit the new social and physical surroundings,
discovery and use of new resources, and even aw®daf previously unknown enemies (Sol et
al., 2005). Therefore, it is important that mor&m®wn about the nature of laying hen cognition

to improve the welfare and production of these ahém

5.3 Methodological considerations

When performing on-farm studies, researchers akgnon the participation of farmers in the
administration of appropriate treatments and datkeaion. This arrangement, however, lacks
control and supervision and often introduces m@@oaunity for errors. In papeéW, all rearing
farmers were visited prior to the start of the gtadd instructed on how to proceed and administer
the rearing treatments for the next two batcheshafks they would rear. Due to practical and
economic reasons, it was impossible for all reafargns to be visited a second time during the
progression of the study. However, the researclers available via phone/email to answer any
guestions the rearing farmers might have had, Sélleral reared flocks had to be excluded from
the study due to errors such as sending reareklisfitacproduction farms with furnished cages,
rearing chickens of another breed, and unrelialnekkeeping. Accordingly, data from the
production farms could only be included if the femallowed the researchers to have access to
the animals and perform the data collection prdgyashich was not always the case. In pdper

the collection of production and mortality data vesformed by the production farmer, during
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the entirety of the production period. However)atting of production data per treatment (aviary-
or cage-reared) was only performed a few times,raxtdegularly, as would have been ideal. In
addition, data were not always collected in a matimag allowed statistical analysis to be carried
out. Egg weight, for example, was not measuredviddally per egg, but as a mean of 720 eggs
per treatment. Therefore, it was impossible toqomesponding statistical analysis on these data.
In addition, anecdotal notes on any markings foandlead birds during the production period
were also taken, but not regularly. Furthermorghadarmer only inspects the cages once a day,
the bodies of dead birds were not removed froncélges until several hours after death. Therefore,
it was not possible to discern with certainty wieetithe markings observed (often signs of
injurious pecking) were administered pre- or posttem. Furthermore, no post-mortem

assessment was performed, making it impossiblaytavhat was the cause of death.

In paperlV, we used the Welfare Quality® Assessment protémopoultry (Welfare Quality,
2009). However, the protocol in its entirety takesto seven hours to complete, which would not
have been feasible. Therefore, the protocol wad asby in the assessment of plumage condition.
The protocol often calls for hens to be picked ng amanually assessed. This procedure was
considered, despite the fact that the protocol doesequire manual inspection for the assessment
of feather damage. In the present study, howeleidécision was made to assess the hens visually
only, without any handling, to avoid major distunba and stress of the flock (and of the farmer).
The limitation of this method is that plumage assent had to be made at a certain distance,
making a clear distinction between scores A, B doiCeach body area harder and perhaps less
accurate. However, as a parallel study of the &ffetrearing treatments on fearfulness was being

conducted at the same time, it was decided thatdistirbing the flock was of utmost importance.

In paperll, the chickens were habituated to the housingifiesiland to the holeboard task,
including the room, the cups, and the handling H®y researcher, prior to training and testing.
However, they were not habituated to the cuestfieered wooden plates placed under the baited
cups during cued acquisition). This was an ovetsaghthe wooden plates were always in the
holeboard arena, under all the cups, but theyusredl with the red side facing down. Therefore,
the hens were habituated to the wooden platesdiid the red colour. This likely caused the first,

and perhaps second, trial of the cued acquisitidretaffected by fear and hesitation of the animals
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to approach the baited cups. Nevertheless, it Veas that the birds soon learned the cues posed

no threat and performed the task accordingly.

In paperlll, the neuroanatomical effects of early environmeotenplexity were investigated
following the results from papér, showing that rearing in barren cages causesgatkym deficit

in working memory. However, treatment effects ia ¢iaining intensity of TH in the hippocampus
or the NCL were not found. A possible explanationthe lack of rearing effects stems from the
different inclusion criteria of the two studies.daperi |, hens included in the study were selected
after a week of habituation training and any furthens that did not learn the task were excluded
from analysis. In the papér study, such procedures were not possible. k& therefore, that
the collection of brains studied in papHr represents a wider range of intrinsic cognitividitads.
Furthermore, during the design of the thesis ptpjeower calculations for sample size were
performed. Alpha was set to 0.05, the standardatievi to 1, the difference to detect was set to
1.5 standard deviations and the minimum acceptaier required set as 80 percent. With these
numbers, it was determined that the sample sizgnoeip would be a minimum of nine birds. As
the sample size per group in papérwas 20, the power calculated by JIMP® version 11(3AS
Institute Inc., Cary, NC, USA) was 99 percent. Bfiere, lack of power was unlikely to be the

reason for not detecting treatment effects.

Originally, it was planned that measurements of ana size and counts of cells undergoing
apoptosis would be noted for the brains areastefast, in addition to TH staining intensity. |
went as far as performing the appropriate numbeections from the dissected brains and staining
these sections with Cresyl Violet. However, it wasar from the start of the cell soma
measurements that this data collection would takddng. Therefore, unfortunately, this line of

investigation was dropped and only the immunohlstoaistry staining of TH was reported.

Another issue worth mentioning is the use of a @golyal antibodies for the detection of TH.

Polyclonal and monoclonal antibodies are produc#drdntly and have different characteristics

(reviewed in Lipman et al., 2005). Monoclonal anties are produced by identical immune cells,

all cloned from a unique parent cell. As a resthiey are monospecific antibodies. Polyclonal

antibodies are produced by several different immecelés and, therefore, recognise a host of
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antigenic epitopes. These antibodies are more t@gasnst slight changes in the structure of the
epitope, such as genetic polymorphism and denaiarand, therefore, have higher affinity and
better detection rates. However, this makes pohall@ntibodies not ideal for quantification
studies, as more than one antibody may bind tesédmee molecule of the antigen, via different
epitopes. The choice to use a polyclonal antibadgaperl 11 was a practical one. Monoclonal
antibodies have an inherent problem of working wetome assays and being poor or ineffective
in others, a phenomenon called assay restrictibr. polyclonal antibody used in papélr had
been previously tested in our lab, among othebadtes for TH, and was the one that yielded the
best results. The reason why this antibody wasKikely to do with the fact that it is polyclonal.
As antibodies are rarely produced for epitopes daarchickens, often the target epitopes are from
humans or rodent models, monoclonals frequentiypatowork well with chicken samples. For

non-rodent and non-human species, polyclonal agigscoften provide the best results.

5.4 Conclusions

In order to fill some of the gaps in our knowleadéaying hen welfare, the work presented in this
thesis aimed to increase insight into how the ngeenvironment affects behavioural development
and welfare. The results from pap®rsupport the current literature on the developroéfaather
pecking due to redirected ground pecking (Blokhi@36; Newberry et al., 2007; Bestman et al.,
2009). Providing a paper substrate in the aviawsrérom the first day of age decreases the
likelihood of feather damage in adult laying heosnpared to rearing without access to paper
substrate. Furthermore, provision of environmemtatichment during the production phase
reduced the incidence of gentle feather peckingandless of rearing treatment. Therefore, these
simple husbandry procedures have the potentiahpoave laying hen welfare by reducing feather
pecking.

In part, papet aimed to give indications of which type of rearggstem, aviary or cages, is the
most adequate for ensuring the welfare of hendriekto produce in furnished cages. Aviary-
reared hens had better welfare at three weekspostfer to furnished cages, compared to cage-
reared hens, as indicated by the results of akdmatour towards a novel object and comfort

behaviours in the lowest tier of cages. These tesulggest an increased ability to cope with
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environmental change. However, the higher mortadityaviary-reared birds in the long term
suggests that their later welfare, both mentaldweihg and physical health, may be compromised.
Furthermore, no treatment effects on blood glucosecentration, an indicator of HPA-axis
activation, were found. These findings preclude gbssibility of drawing general conclusions
regarding which rearing method is most suitable dosuring the welfare of laying hens in

furnished cages.

The results from papét suggest that rearing in a barren cage environnedattive to a complex
aviary environment causes a long-lasting deficihmability to perform a spatial task, as indidate
by the effects on the chickens’ working memory. &qyre to varying degrees of early
environmental complexity thus influences how weitdb remember the type of stimulus
presented, when it was presented, and where tpjgehad. This deficit may prevent cage-reared
hens from finding and obtaining resources in a dempviary setting (Gunnarsson et al., 2000;
Brantseeter et al., 2016a). Despite the behaviedii@tts of barren rearing on laying hen memory,
we found no support for the hypothesis that vargrgosure to environmental complexity during
rearing should result in differences in TH stainingthe hippocampus and NCL (pagdét).
However, as previously mentioned, it is probablat thn environment more complex than an
aviary, such as a free-range system, could prothecexpected differences in TH in laying hens
(Patzke et al., 2009). Nevertheless, the proxirefiert of aviary versus cage rearing on laying
hen memory still needs to be identified.

In conclusion, this thesis demonstrates that tver@mment experienced during rearing can have
considerable, both short and long lasting, effectshe behavioural development of laying hens
and on how well they will cope with being housedha planned adult environment. This, in turn,

carries pertinent welfare consequences.

5.5 Somefutureresearch needs

As pointed out in papdi |, dopamine is the not the sole modulator of cogaifunctions and
there are several other mechanisms of memory fowmahat could be studied relative to

differences in early environmental complexity. Ayous study found that adult hens in a free-
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range housing system had larger hippocampal celascompared to hens housed in conventional
cages (Patzke et al., 2009). Studies with 16-ddyebicks found that those reared with visual
barriers had better spatial memory (Freire et28lQ4) and longer dendrites with more dendritic
spines (Freire and Cheng, 2004) compared to chiedesed without any barriers. Furthermore,
memory formation and learning have been shown todédiated by synaptic plasticity, long-term
potentiation (LTP), and the receptors that regula{®lorris et al., 2003). LTP, the long-lasting
increase in synaptic efficiency induced by higlgtrency stimulation, is dependent on NMDA
receptors (Martin et al., 2000). The use of NMDAagtor antagonists (Morris et al., 1986) or
NMDA knockout (McHugh et al., 1996; Tsien et al996) causes deficits in spatial memory.
Therefore, it is possible that the effects of reguenvironment on working memory seen in paper
Il were due to other changes such as cell somalseBMDA receptors, and/or the LTP cascade
rather than dopaminergic changes.

One of the results of this thesis work is that pimn of substrate during early rearing reduces the
likelihood of plumage damage in the production @@compared to flocks that did not have access
to litter from so early in life. However, flocksoim the paper substrate treatment groups still had
an average of 10% of the flock with damage scaedl2. None of the aviary rearing farms visited
during recruitment for papéi/ provided any form of environmental enrichment, drey those
that supply paper substrate. Further researchefthrer could investigate the effects of more
substantial environmental enrichment during readnghe incidence of feather pecking during
the laying period. As mentioned before, the farnaten do not provide any litter material or
enrichment and rely on the accumulation of droppjngst, and feathers from the birds themselves
to create a layer of substrate in which the bias forage and explore. There is evidence for the
positive effects proper litter and environmentaieghment have on laying hen welfare due to the
reduction of feather pecking, feather damage, tmatism, and mortality (Blokhuis and Van Der
Haar, 1989; Blokhuis and Haar, 1992; Johnsen g1888; Gunnarsson et al., 1999; Jones and
Carmichael, 1999b; Jones et al., 2002; McAdie ¢t28105). Despite this extensive knowledge,
this is not practised by rearing farmers, perhaesbse the majority of these abnormal behaviours
occur not during rearing, but during the layingipeér The potential detrimental effects of not
providing litter in the first weeks of life are ttedore not directly seen by the rearing farmers, an
thus for this part of the chain, the welfare besedis seen by the farmer do not weigh up against
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the economic costs in terms of labour and materalarge-scale on-farm study, like that of paper
IV, on the effects of extensive litter and environtakanrichment provision on the development

of feather pecking, would be beneficial in furtlagivocating for this practice.
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