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Abstract

Behaviour at feeding and performance of pigs can be influenced by the design of the feeding area.
Resources allocated in restricted space cause a disruption in communicative behaviour and even
pigs in established hierarchies compéie feed. Therefore, @ubstantial amount of agonistic
behaviour happens at feeders. This study investidhee effect of different numbeiof feeding

pl aces on pigsd behaviour at fFeulkhaniquralsessionsper f or man
were carried out on growinfinishing pigs in groups of 130, 153, 148 and f28n April to July

2020 Two numbers of feeding places were tested: 8 for coatrd|10 for treatment grouplsess
agonistic behaviour and better performance were expected in the treatment goaptea types

of behaviour wer@bserved andecorded iraprotocol using continuouggistratiorat a group level

and scan samplingethodin 1-minute intervalsThe observational area consisted of a DOMINO

Pig Sortfeeding system that sorts pigs according to weigldifferent pensas programmed?igs

were fedad libitumand hadinlimitedaccess to pasture. Performance and carcass data were obtained
from an online database. The results sho@&8+2.68 (SD) pigs (reje 213) andup t015.7(+8.51

(SD) pigs (range-B4)locatedin the feeding pesfor the control and treatment groups, respectively
More agonistic behaviour with a significant difference in pressing (p=0.000) and pressing + bite
(p=0.000)occurredin thetreatment groupDenser feeding pen occupareyda higher frequency

of lying in the treatment grouge=0.000)resulted in crowdingvocalization was higher (p=0.028)

in the control groupFewer pigs in the feeding pewith a combination of vocalization used as a
communication tool to avoid the conflict can explain the lower occurrence of agonistic belraviour
the control groupThe control group wadurthermoremore engaged ipositive social interactions,

such asosing(p=0.018), tail/anal sniffing (p=0.00@ndpen sniffing(p=0.000) Finally, the total
spaceprovidedto each pig in the feeding ar@aight have hadh greatereffect on theexpressed
behaviour than the number of feeding pladés.significant differeces wereseenin the growth
rateandfeed efficiencydespite the vaing frequency of agonistic behaviourhe treatment group
consumed more feqg=0.021)andits carcass qualitfiean meat percentagenproved (p=0.025).

The treatment group spent moireé grazing which might have diminished the effect of higher feed
consumption onhe growth rate. Moreover, an elevated level of exercise could have enhanced the
deposition of lean muscles. Yet, studied literagofféer little support for this assumption, thus, more
feeding places afforded the treatment group could have afféetedrcass qualityAdditionally, a
theoretical calculation based on the time needed for a pig to consume the amount of daily feed
showedhat even 10 feeding places might not be enough to provide sufficient access to algigs.
limited data (only two batches studiedyonfounding variablesand small samplesizes in
performance and carcass datakeit difficult to draw any strongconclwsionsfrom this study.
Considering the complexity of tH2ROMINO Pig Sort feeding systenthe change of one attribute
neither mitigated the expression of agonistic behaviour at the feedersimproved overall
performanceAdditional research over a longéme with larger samplsizeis needed to confirm

the proposed assumptions
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1. Intr od

In Sweden, organic productionrisgulated by the Council Regulation on organic
production and labelling of organic products (EU Council Regulation,
834/2007/EC) established by the European Union. Approximately 1.5 million of
live swine was kept in Sweden in 2018 (Eurostat, 2020a)edh&.4 % under
organic conditions (Eurostat, 2020b). Growing pigs in conventi@asalvell asin
organic productionare housed igroups(EU Council Directive, 2008/120/EC, EU
Council Regulation, 834/2007/EGw~hich is beneficialfor their social nature
(Jensen, 2002). Howevdralsoimposes daily social constrairits each individual

if resources are scarce and located in restricted §paomsen et al., 2010, Nielsen
et al., 2006)

Social constraints encompass agonistic behavibat representany kind of
conflict and competitionMills & MarchantForde, 2010). Aggression which is an
integral part of agonistic behaviour (Mills & March&mirde, 2010) is known to
occur during mixing of unacquainted pigsdamost of the research hesflected
thisperiod (Turner et al., 2@) Jense& Yngvesson, 1998, Scheffler et al., 2016).
Yet, it has been shown that a substantial amount of agonistic interactions occurs
also at feedingn established groupéEwbank & Meese, 1973, Baxter, 1983,
Maselyne et al., 231). Researcpursuingthis issuéhaspointed at crowding as the
factor influencing the frequency of agonistic behaviour (Thomsen et al., 2010,
Botermans & Svendsen, 2000, O6Connel | et
pigs (Botermans & Svendsen, 2000)

The concept of welfare targets both physiatl mental components We b st er 6's
(1995) definition is that @Athe welfare of
avoid suffering and sustain fitnesso. By
elements such as behaviouphysiology, health, productivitypathology as well

as emotional mental state are identified (MarchBatde, 2009). Another

explanatiorby Broom (1986}t he abi | ity fit o cexplietywi th i ts
points tothea n i maaapiive response siresgMarchantForde, 2009).

1 EU Council Regulation, 834/2007/EdIl be redaced by EUCouncil Regulation 8482018/ECon January
1, 2021



Pigs must be fed at least once a day and atodegd must be enabled at the same
time for all pigswhen not fedad libitumor by an automatic syste(@U Council
Directive, 2008/120/EC)However,accordng to Nielsen et al. (1996ad libitum
feeding isacommon practice for growing piggeeding area must be weléfined
with a sufficient number of feeding places preventcrowding and competition
(KRAV Standards, 2019).

Pigs have evolved to spend a large part of the day foragirmgrooting and
searching for foodWoodGush & Vestergaard, 1989) andomestication has
affected the need for foraging very lit{l&ustafsson et al., 1999ensen, 2002).
Nutritional needs in@nventional settings are fulfilled within a short time (de Jonge

et al., 2008), and research has shdq®tudnitz et al., 2007, Scott et al., 2006,
Pedersen et al., 2014) redirected behaviour towards pen mates and pen fixtures with
time abundance in the eand dack of possibilities to explore foragisges.

Optimalpi gs 6 p edemanstraiednbga esteady growth ratehigh feed
efficiency and good carcass qualisyvital for farms to be profitableOne of the
crucial criteria to attain a decent perfoance together with high welfare is a
provision of adequatspacefor eachpig at feederfO6 Co n n e ). Seyveral2 0 0 9
studies have shown worsening in performafiR@mussen et al., 2006, Wastell et

al., 2018, Botermans & Svendsen, 2000, Georgsson & Svendsen, 2001) and
increase in aggressive behaviour (Botermans & Svendsen, 2000, Nielsen et al.,
1996, OO0 Conn e lthenumher ohfigs per o2edf€eding pda(AFR)
increases. Furthermore, a higher incidence of injuries (Botermans & Svendsen,
2000) and skin lesions (Georgsson & Svendsen, 2088 been associated with
fewer available feeding places. Nonetheless, duatimus research settings and
other varables (e.g. age, housing, stocking density, space allowance) in the
presented studies no final recommendations for the number of feeding places can
be drown.

According to theStandards of the Swedish certifying body KRAV, unlike in
conventional systemsrganic pigs must have access to rootable mateasigell

as the possibility to graze in a freange area for a minimum of four consecutive
months. When pasture is providédeir behavioural need for foraging is satisfied

at a greater level compareal ¢conventional production (von Borell & Sorensen
2004)Yet, a feeder space continues to remain a valuable resource worth fighting to
get access tfrhomsen et al2010).

There are numerous innovative feeding systems for pig production both focusing
on greater performance and elevated welfare. This master thesis was conducted at
an organic farm in the southest of Sweden equipped wihDOMINO Pig Sort

feeding system that sorts pigs by weight to different feeding pens. This is one of the



first farms in Sveden to use this systefherefore regardingthe newness of the
systemthere is a need faesearch aiming to find out a suitable numbefeetling
placesfor a specific number of pigsTo my knowledge, nostudy has been
conductedn organic pigswith access to pasture.

10



2. Backagr

21. Pi g Behaviour

Domestic piggSus scrofa domesticusriginated from the European wild bo&us

scrofg). Despite centuriespent under human contrahd selection for production

traits, the behaviour of the ancestor has reneainwell conserveca nd pi gs o6
fundamental behavioural needs have not been changed (Jensen ARD@2gh

they use less costly foraging strategy compared tolgbtt crossefGustafsson et

al., 1999) they are stillendowed with the ability to adapt to tlehanging
environment in the prevailing conditions (WeGdish & Vestergaard, 1989,
Gustafsson et al., 1999).

21.1.Expl oration and Foraging

Exploratory and foraging behaviours are tightly interconnected (Jensen, 2002).
Exploration of the surroundings is a matésurvivalsinceit provides information
about availableesourcesndthenovelty of the environmeriStudnitz et al.2007).

It is driven either by appetitive behaviour (extrinsic exploration) or curiosity
(intrinsic exploration). Hungry pigs perfornppetitive behavioumn the form of
searcing for food until they beome satiated (Studnitz et al2007) This
characterisation overlaps with a definition @irdging behaviouthat includes
rooting, grazing and browsir{densen, 20Q2Curiosity, on the ther handenables
adaptation tochangs in the environment andorepaation for potentially
unexpected occurrenc@d/ood-Gush& Vestergaard, 1989).

Pigs are omnivorous animals and can tailor their diet accorditing tovailability
of feedstuff. Wien natual conditions are favourable, the dezinsistsmainly of
plantbased food item@rass, roots, fruit, berrieseed}$but earthworns, frogs and
small rodentsnay be occasionally consumed as well (Jer@d?).Under natural
conditions, pigs spend a considerable amount of time foraging wiisinrange
areas due teparsand scattered allocation figfed resources (Studnitz et g2007).
However, sudiesdone on a proportion of foraging activity reported vagyiesults.

11



Pigs with no supplemental feed spent for up to 71 % of their activeftimging
(RodriguezEstévez et al20M) but the activity has been shown tbecreas¢o 24

% in growingfinishing pigs when fed oncea day with the Danish indoor
recommendtiors for daily energy intakéHorsted et al., 20)2Whenrestrictively
fed with a diet accounting for 25 % of the Danigidoor recommendations for
growekrfinishers, freeranging pigs foraged onlyl9 % of their time per day
(Kongsted et al., 2LB). The low frequency of foragingbserved in Kongsted et al.
(2013) might have been caused bgfavourable weather conditions encouraging
pigs to stay insideStern & Andresen(2003) targeted rooting and reported a
frequencyper day per group of 8\Wwhenpigs were offere®@0 % compared t%.8
when fed100% of the indoor recommended feed allowance

Evidence suggests that foraging itsels mawarding properties even withoat
consummatory component and increases the welfare ofgggsdingcontrol over

the environment (Inglis et al., 1997, as cited in de Jonge et al., 2008). The inability
to perform foraging behaviour may result in frustration (W&gh and
Vestergaard, 1989) and stereotypic behaviour (Bergeron et al., 2006).

21.2.Contrafreel oading

A phenomenn of contrafreeloading represents a situation when anithatsare
presented with both freely available food and food that reqthisat o A wor k 0
choose the latter option (Osborne, 19 0me animahave been found to favour

this behaviour in certainircumstancesréviewed ininglis et al, 1997).Yet, the
expression of contrafreeloading depends on various factors such as prior training,
level of food deprivation, rearing condition, novekyfort levelto obtainthefood,
naturalness of the presentadk (Inglis et aJ.1997)and experimental settings (de
Jonge et al., 2008herefore, the outcomes thiefollowing studies varyYoung&
Lawrence (2003f¥ailed to show contrafreeloading in pigPerhaps becausbet
experimental conditions in the study Young & Lawrence (2003) did not
resemble a situation encountered in natural conditions (pressing g lever
contrafreeloading was not observed (Inglis et 8097). Arguably, Young &
Lawrence (20033tatedthat the degree of domestication has influertbedevel of
expression of the phenomeiaglis et al.(1997 indeed claimed thanhemalsprefer
minimizing effort and yet obtain a maximum rewatd shown in Gustafsson et al.
(199), domesticated pigs applied less demanding foraging strategy in stomitta

their wild-crosses counterparts. Pigs expeessontrafreeloading when offered
with a more natural tasksuch asseelng for hidden foodrewards (chocolate
raisins) in straw{de Jonge et al2008).

Overall, he preferencdor contrafreeloanhg is ultimately explained (adaptive
valuei Tinbergen, 1963) by various aspects. Firsthallbws animalgo gather

12



informationabout the environmenas well asincreags thechancedor survival

(Inglis et al, 1997) Secondly, seekindifferent food iems ascatteredocatiors at
changingimesreducethe level othei e nvi r o n me n tvahichhelpstoer t ai nty
mimic a natural foraging situation under artificial conditigimglis et al, 1997, de

Jonge et al2008).

21.3.Agoni stic Behaviour

Pigs are soal animals (Jensen, 2002) and prefer to eat simultanediglgén et

al., 1996) Group housing provides a possibility for simultaneous eating but due to
the realities such asmited space, stocking densignd feeder designonly a
restricted space in &eeding areas allotted toeach pig,making such a site
potentiallydefendable (Thomsen et,a2010). Therefore, social facilitatiodoes

not have tanducealwayspositive outcomeslueto competition around feeder
(Studnitz et a].2007) anchggression (Baxter, 198

The dove described represersts heor em of a .Walkec(l9899) wor k| 0«
introduced its definition whichist he ef fort required, and ag
in negotiating a route through pen mates to a feeder and digiopigi®m which are

either feeding orEwbdns&t Meease (1973Bgxtet (1083) f eeder 0
and Maselyne et al. (2014) reported that 90 %%/and 42 % ofll agonistic

interactions respectivelyhappeedin the proximity of a feede©On that accourn

although growing pigs are fedl libitum some may still experience hunger because

of the inability to get access to feed (Studnitz et al., 2007).

22.Learning Abilities

Intensive husbandry systems require animals to interact with technical equipment
(Ernst et al.,, 2005) and pigs successfully cope with this challenge. They are
cooperative, perceived as intelligent and able to learn classical and operant
conditioning tasks (associative learnirag a fast paceshich makes them suitable

for variouspurposes imesearch (reviewed in Gieling et al., 2011). Habituation, a
type of norassociative learning, has been used as an effective tool to accustom pigs
to research settisg(Chilcott et al., 2001). Habituation occurs when an animal
changes the strength of apesse to a stimulus due to the repetition (Beadver
Hoglund, 2016). It facilitates handling and speeds up readjustment to chianges
the environment. For instance, Yorkshire gilts were habitu&teda trial to
weighing,until they dd not find the procesaversive anymoréadler et al.2011).
Furthermore, after two weeks of acclimatization period, pigs coped well with a
computerized feeding system (Young & Lawrence, 1994).

13



A complex automatic feeding system in a studyEogstetal( 2005) test ed

cognitive adaptatioby using specific sounds to summon them for fdeids, after
theinitial training, not only reached 9095 % success rate at operating the system
but the following study showed higher IgG concentration, faster wound healing and
more seldom exhibition of belly nosing (Ernst et al., 2006). Overall, the feeding
system represented a positive challemgdanced welfare and decreased boredom
without affecting the performance

Moreover, pigs were found to possess a spatial merbanghlin& Mendl (2000)
found that domestic pigs successfully avoided previously @ggléoraging sites
by a shifting strategy. Also, when presented with two food baits of vayicargity
(3 or 8 sow roll piecesand profitability (an obstacle or no obstacle dme way)
they discriminated between food sitesddferent values and opted for the larger
bait (Held et al., 208).

23.0rganic Production

To be labelled as KRAV, Swedish farmers must complyaddition to the EU
legislation,the Standards launched Iiye organization KRAV emphasizes values
such asanimal health and welfare, sustainabilitsimate protection, social
accountability and healtKRAV, 2020). EU Council Regulation, 834/2007/EC
and the KRAV Standards require additionpterequisite for pigscompared to
general Animal Welfare Act 2018:119Rjurskyddslagn 2018. Namely, farmers
must allow pigs to graze outdoors continuously for at least four months during the
grazing periodNext, growing pigs must be provided with the opportunity to root,
if outdoors on fallow land, forest or woodland, and if indoors in deep litter bedding
(straw or other suitable materiaEU Council Regulation, 834/2007/EEQNeither

the Regulation nor the Standards stateuaberof feeding places per group.

Several stu@s have provethat pigs benefit frommnenriched environment in many
aspects. Studnitz et al. (2007) did an extensive review of the effects of rooting
material and concluded that a complex, changeable, destructible material
containing edible parts stirault e s p i g, asdvellagioragirg behavigur and
maintains higher welfare. Moreover, pigs perfethtess investigatory behaviour
towards pen mates if provided with straw (Pedersen et al., 3ab4, et al., 2006
andexhibited less aggression arabnormal behaviour if housed in deep bedding
(Wei et al., 2019)At last, heir cognitive functions develep betterwhen given

more space, straw, peat and t@@simbergHenrici et al., 2016)

14
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24. FeedSepraaad Its Effect on Perfc
Behaviour

Feed makes up the major expense in the swine industry, precisely up to 70 % of the

total cost (Patience et al., 201®)n that accountone of the main attributes for

farms to be profitable is expressed as feed efficiefidy), calculated as a ratio of

feed consumed and growth of animals achieved (Patience et al., 2015). Feeders

offer variousdimensionsdesigns and featurdkatmay | nf | uaeeragee pi gs O
daily gain(ADG), average daily feed intaK&DFI) andlastlyf ar ms 6 net 1 ncom
Feeders mainly variyn the number of feeding places and whether there is a water

sourcebesidedeed dispenser (Euken, 2012).

241.Per f or mance

More pigs per feedecause either overall lower ADG (Wastell et al., 2018,
Rasmussen et al., 2006) or larger within pen variation in AD@igs fed both
restrictively (Botermans & Svendsen, 2000) aad libitum (Georgsson &
Svendsen, 2001). Wastell et al. (2018) recommeftfuzchaximum of 10 pigs per
feederplace in wet/dry feeders as it resulted in the highest ADG and ADFI
compared to 13ral 16 pigs whereas Euken (2012) reported up to 15 pigs. On the
contrary, Rasmussen et al. (2006) stated that the AFR (animal/feeding place ratio)
of 13:1 ha a negative effect both on performance and Wwelhg Performance
remained unchanged despite vadAFR inNielsen et al., 1996. In terms BE,

the results have not been consistekd.the number of pigs per feeder place
decreased~E was worse itWastell et al., 2018better inLaitat et al, 2004 and
without any difference inGeorgsson & Svendse2001 More injuries were
reported in the AFR of 16:1 compared to the AFR of 4:1 (Botermans & Svendsen,
2000, Botermans et al., 2000). The impact was biggest for small pigs (> 21 kg) as
they were forced to withdraw from feeding in 90 % of eating visitddBoans et

al., 2000)All presentedstudiedlid the experiment ogpigs in conventional systems.

242.Behaviour

Overcrowding at feeding area also inddeceh anges i n pigs6 soci al
intervenel with well-being. For instance, eating speed incrdageena crowding
pressureintensified (Rasmussen et al., 2006, Botermans & Svendsen, 2000)
indicating elevated social constraints (Botermans & Svendsen, 2000). The AFR of

2.5:1 seemed to be adequate since pigs displayed a feeding gatidan to

individually housedanimals (Nielsen et al., 1996) where no competition at feeding

occurred. Moreover, the greater AFR reduced aggression at displacements from the
feeding site (Rasmussen et al., 2006).

15



3. Aims and H

Themain aim of the thesis investigdteow an increasdérom 8 to 10feeding places

in the DOMINO Pig Sort feeding system witlad libitum feeding influencd the
expression opig behaviour athefeeders. The second aeraminedf a provision

of more feeding places affectgrowth rate, feed consumption, feed efficiency and
carcass quality.

The hypotheses wetkattheincrease fron8 to 10 feeding places:

U0 Reduces thérequencyof agonistic interactions in the feeding pen.
U Enhancesmwth rate
0 Improvesfeed efficiency and carcass quality.

16



4. Mat er i al a

Data were collectedt an organic farm in the southest of Swedemrertified by
KRAV duringfour occasions from April to Juliy 2020.

41. Ani mal s

Behavioural observations were performed on organg ipighe growingfinishing
phase at the age of 12 to 20 weékgs originated from a certified organic breeding
herdandwere 12 weeksold at entry Pigs stayeat the farm until a target weight
of 125 kgwhich they reacheat approximately 27 weeks of @grhe average
starting weight was 33.4 kg. Marking with an ear tag was done upon aRiysl.
were slaughtexd ata slaughterhouse Dalsj6fors

A layout of the experiment is displayadTable 1.Behavioural observations took
place in the feeding areand aly pigsthatenteed thearea were included itotal
numbersBoth females andusgically castratednales wer@bservedSex was not
consideredAnimal feeding place ratio (®R) in Table 1was calculated based on
the total number of pigs thepig unit during the particular days (Table 1) and not
onthe feeding pen occupancy

Table 1. Overall layout of the experiment showing the date, compartment, number of feedi
placesper pen number of pigi the compartmenAFR (animal feeding place raticdge in
weeks and group for each observation

Number of

Observation Date Compartment . Number of pigsAFR Age (weeks) Group
feeding spaces

1st 29-30/4 2020 South 8 130 8.1:1 20 1 - control

2nd 12-13/5 2020 North 10 153 7.7:1 12 2 - treatment

3rd 16-17/6 2020 South 10 148 7.4:1 12 3 - treatment

4th 7-8/7 2020  South 10 128 6.4:1 15 3 - treatment

17



42. Housi ng and Management

Animals were housed in an uninsulated building with natural ventilation. Access to
a concrete outdoor run was given throughout the whole year and pasture was
accessible during ttgrazing period. The pasture was open on tfeo8@pril 2020

for five or six months, depending on the weatfdre control group did not have
access to pasture for the first eight weeks whereas treagnoemis2 and 3grazed

on pasturethe whole growingfinishing phaseThe pig unit was divided into two
compartment$ the South and North. Each compartment provided deep bedded
resting area, drinking area with six separately located drinkers and feeding area with
wet/dry feeders (Figure Bndwas designetb accommodate up to 150 pigs. The
layout of the South compartmentisownin Figure 2. The North compartmentcha

the same but a mirror image layout.

Figure 1. Pictures of the outdoor concrete run (upfedt), pasture with a rooting area (upper
right), resting area (bottonteft) and feeding pens (botteright)

18



DRINKING AREA

FEEDING PEN 1

4} {} OUTDOOR
2 m@ ot o S|

{:D‘ RESTING AREA
. .

observer .. feeder () drinking nipple } | one-way gate two-way gate

Figure 2. Layout of the South compartmantl a position of the observer (green star)

Farm practices

Pigs receivead libitumphase feeding diet in a physical form of meal. Phase 1 was
fed for the first two weeks, phase 2 until 60 kg and phase 3 until the target weight
of 125 kg. The encentrate wasnriched bya slaughter mixAppendix land 2list

the ingredients in the condeateandthe content of the slaughter mnespectively.

Feeding system

Thefeedingareaconsised of the DOMINOPIg Sort feeding system It is afully
computercontrolledsystem thasorts out pigs to pen 1, 2, 3 according to weaght
programmedAn unlimited number of gs could haveenteedthe feeding areano
upperlimit had been sefThe entry tofeeding pes was madeof a scalewhich
offered several modes to choose from

U Averageweight sorting out pigsto pen 1 or Zaccording toa threshold
weightset by the systenfmostly used)

U  Weight:sorting out pigsto pen 1 or &according to a manually set threshold
weight

U 50/50: gateso pens 1, 2 opealternatively regardless the weight

2 For more information, please visit: https://www.domino.dk/en/proegiactporkers/sortingsystemsfor-pigs
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U Random: gateare operallowing toentera pen ofapreference
0 Manual:manual system operatipnsedfor machinerycleaning

At arrival, every new batch of pigsdhtwo weeks to get accustomed to the feeding
system. After eataggng with individual electronic taggigswere once manually
driven through th scale to register individual arrival weighthie system was set

on random mode for the following two dayster this periodalearningphase of

12 daysbegan with 50/50 mod®©n day 12, colour marker was placed above the
scale to distinguish pigs thahtered the feeding pens (colour marked) and those
who did not (no mark)Average mode was set on the scale after the learning period.
Slow learners (usually 10 % from the whole batch) were taken care of by the
personnel that additionally trained them fioe days. Pen 3 with less competition
was used as a last resort for pigs that did not learn the system.

A simplescheme othe DOMINO Pig Sort feeding systerprovided by aompaty
modified by the authas shown in Figure 3.

! \

Figure 3. Scheme of the DOMIN®y Sort feeding systerand sorted pig$ lighter (yellowdots),
heavier (pinkstar), selected for slaughter or slow learners (greerss)

Feeders

Pen 1 and 2achwere accommodated with fourgntrolgroup)or five (treatment
growps 2 and 3 doublespaceddOMINO S-22 wet/dry feeders (Figure 4Pen 3

had twoof thosefeedersThe number of feeders changed due to farm management
routines.One feeding place was appropriate for onegughat up to 8(control
group and10 (treatment groupspigsin onefeedingpen could havéeeneating
simultaneouslylt was unlikely that one pig occupied more than one feeding place.
The feedershad a drinking nipple available for both feeding plasesich also
servedas a separation. Feed was doaddibitumby pushing two pendulums to
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aside Pigs could have accessed the feedeasy time and spéminlimited timein
the feeding pens

Figure 4. The MMINO S22 adlibitum feeder with water and tweendulumsOMINO, n.d)

43. Recordings

Study design

This project was designed as an intervention studye control group was
represented by group 1 with 8 feeding plgoesspenwvhereaghetreatment groups
consisted of group 2 and 3 with 10 feedirlggesper pen(Table 1).The first
observationwas doneon the 29" of April 2020andthe last onen the & of July
2020(Table 1).

Recording area

The behavioural observations took plat¢he feeding areanly in pen 1 and pen

2. Eachpenmeasuredt.6 m in length and 2.3 m in width. Pen 3 accommodated
pigs ready for slaughter or slow learnen®se pigsvere not observeaihdexcluded
from the total numbersThe dservatios were done by one obserweho stood
outside of the feeding pemo avoid ay contact with thenimals(Figure 2).The
recordingook placea t  pight thedefore, standing still and avoidance of sudden
movements was necesgto keep a disturbance at a minimum.

Ethogram

An ethogram (Table 2) describisgventeetypes ofpig behaviour was developed,

according to Morrison et al. (2003) and Jensen (1980) and modified by the author.

Based on the ethogram, a protoaals designe@Appendix 3) One day prior the

first observation was dedicated the protocotesting Moreoverffor ced swi t cho
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behaviour was addeafter the firstrecordingday in the firssession (30 of April).

The kehavioursvererecordedvith a combinatiorof scan sampling and continuous

registration oragroup level.

Table 2.Ethogram of pig behaviour

Category

Variable

Definition

Continuous observation

Switches

Agonistic behaviour

Social behaviour

Exploratory behaviour

Immobile behaviour

Scan sampling

Maintenance behaviour

Contactless switch

Forced switch

Vocalization

Head to head/body knock

Head to head/body knock
+ bite

Parallel and inverse pressing

Switching of feeding places without any body cont
with other pigs

Switching of feeding places with body contact of
agonistic manner with other pigs

Grunting, squealing, screaming

Quick thrust with the head against the head or the
body of another pig

Quick thrust with the head accompanied with bite:
against the head or the body of another pig

Pushing with the shoulders against each other fro
the side or the front

Parallel and inverse pressing Pushing with the shoulders against each other fro

+ bite

Tail biting

Fighting

Mounting

Nose to nose/body

Tail/anal sniffing

Pen sniffing

Standing

Sitting

Lying

Feeding

the side or the front with bites

Chewing or biting another pig's tail

Mutual head to head/body thrusts or pressing witt
without bites

Placing front hooves in the back of another pig

Nosing another pig's nose or any part of its body,
apart from the anal region

Sniffing another pig's tail or anus

Sniffing the pen's floor or its fixtures

Upright position supported by all four legs

Upright position with its back legs bent and fore le
straight

Lateral or sternal recumbency

Standing with its head in the feeder, assumed to t
feeding
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Timeschedule

Each of the four observational sessions took place from 11 am until 4 pm for two
consecutivedays. A time schedule was followed to retain the same timing every
recording day (Table 3). The day was divided into four rounds of 45 minutes
interlaced with two breakef 30 minutes and a offeour lunch break. At each
round, both pn 1 and pen 2 wer@servedhree times in a rovor five minutes

with two minutes of a nowbserving period irbetween Before eachrecording
round, 10 minutes were given to pigsaatxlimaetot h e 0 b presenge€@med s
was measured with a stopwatéhgs were observeidr 120 minutes in total (60
minutes per pen) each day.

Table 3. Time distribution of the observati

1llam-11.45am 11.45am-12.15pmM2.15pm-1pm 1pm-2pm 2 pm - 2.45 pm 2.45pm-3.15pm 3.15pm -4 pm
pen 1 pen 2 pen 1 pen 2
pen 1 pen 2 pen 1 pen 2
pen 1 break pen 2 lunch pen 1 break pen 2
pen 2 pen 1 pen 2 penl
pen 2 pen 1 pen 2 penl
pen 2 pen 1 pen 2 pen 1

Scan samplingnd continuous registration

Every minute,all pigs in the observedfeeding penand pigsthat were feeding
(maintenance behavioutyere cainted andthe numbers werenarkedin the

protocol(scan sampling Continuousregistrationon a group levelvas applied to
all pigs in thefeedingpen Thenumber ofbehaviourperformedwasmarked in a
corresponding baxContinuousregistrationon a grouplevel, as well as scan

sampling started over every minute.

44. Addi ti onal Dat a

441.Per f or Datna e

Performance data were sent directly to the author from a DOMINO company. The
data completely covedthebatches of pigs ithe South and North compartment

from the 39 of March to the 8 of June (control group) and from the"2af April

to the 29 of July ¢reatment group 2), respectively; as can be seédppendix 4.

The data comprised of the number of pigs in the compartment, average weight and
feedefficiency per day(kg feed/kg pig)Kilogram of feed per kilogram of pig was
calculateddaily by dividing the amount ofeeddeliveredby the total number of

pigs presenin eachcompartment.
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442.Car c Bastsa landr i es

Carcass data including a list of injuries frahe slaughterhouseebsite were
provided by the farmefThe number of slaughtered pigs, average carcass weight,
classification of meat quality and type of injuries were used for the analysis.

45.Data Anal yses

The data were analysed by using Microsoft Excel 16 and Minitab Statistical
Software 19.

451.Behavaloudrat a

The behaviouralobservations were unevenly distributed between the control and
treatment groups, with two days of observing for the control group arthgsxof
observing for the treatment groups, resulting in32#fd 720 observations (120
each day), respectively, for every continuously observed behaviour (Table 2). One
minute was considered as one observation. 30 observations frorf? tifel8ly
(treatment group 3) were taken away due to zero pigs in the feedingy pesigting

in 690 observations used for the analysis.

A frequency per pig per minute for each observation was calculatesixteen
continuously observed behaviows a group levelMinitab computed descriptive
statistics displaying mean, SEM, SD, maximum and minimum sall\wo pie
charts showindhe proportions offrequencieger pig per minutend a bar chart
depicting mean of frequencies with SEM as error bars of all behaviourstegpara
were created in Exceh two-sample Studenttest determined statistical difference
of thebehaviours betweethe control group andreatmengroups in the bar chart.
Alpha value of 0.05 was considered statistically significant (p < 0.05).

P e a r scorrelatisn and linear regression were established to estimate the
correlation between the number of pigs occurring in pen 1 and pen 2 and the
frequency of agonistic behaviour between the control group and treatment groups.

452.Per f or Batna e

Performancedata ranged from thé"of March to the 12 of May for the control
group (South compartment) and from thé df May to the & of July for the

3 Except for forced switch (n=120)This behaviour was added the second day (30/4/2@2Qhe first
observation
4The pigs wereidturbed by a tractaand stayedn pasture.
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treatment group 2 (North compartmentd. Galance the datdaysshortly after the
arrivaldue to the systenmustomization, antbwards the endhen pigs were being
sent to the slaughter in unequal bat¢hvesreeliminated Performance data with
less than 90 pigs were discarded.

An average daily gain and amount of feed to kilogram of pig (kg of feed/kg pig)
were dawn from the datasheets for both groupsicethe DOMINO Pig Sort
feeding system does not collect data about feed consumption but feed delivery to
feeders the usual equation for feed efficiency gain/feed had to be madified
Therefore, the used equatizmas ADG/kg of feed to kg of pigA two-sample
Student {test established any statistical differencegyfowth rate kg feed/pig and

FE between the control and treatment group 2. Alpha value of 0.05 was considered
statistically significant (p < 0.05).

Esimated number of feedindggees

An adequate number of feeding places necessary to provide sufficient time to
consumea daily amount of feed was estimaté®rformance data from the North
compartment (treatment group 2) from th& d2 June to the ®Bof July were used

for the estimationEating speed of 38.+ 4.6 g/min for 90 kg pigs for lever systems
was taken from Gonyou & Lou (200®igs in the chosen data range weighed from
80.5 kg to 104.6 kg.

Only feed delivered ta0feedergout of 13)locatedin pers1and2 was considered

for the calculationHowever, he total amount of feed delivered to all feeders was
divided by 12as one feeden the sick pen was neglected due to the irregularity of
feed delivery. The assumption of equal feed deliveryltbzafeeders was applied.

The time needed to consurtie daily amount of feed per pig was drawn up from

the data and converted to all pigs. This number was then divided by the number of
feeding places (8, 10 and 1theoretical number).

453.Car c Bastsa

Carcas data consisted aimeat quality classification and list of injuries. The data
used for the analysis ranged from tieo® April to the 11" of June (n=107) for the
control group and from the"2of July to the 28 of August (n=167)for the
treatmenigroup 2. Days spent ¢he farm, average initial weight, average carcass
weight anda proportion ofthe meat quality classification between the groups were
computed A Mann-Whitney U test determined statistical difference (p < 0.05) for
meat classificatiorPerformance and carcass data from tAg®upwere not used

for the analysis because the whole batch of pigs had not yet been slaughtered at the
time of the thesis completion.
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5. Res u

From the 240 and 690 observations for ttentrol and treatment groups,
respectivelythere weremore pigslocatedand more piggeeding in thefeeding

pens in the treatment groups (TableA)maximum of 13 pigs wasin the pensn

the controlgroup whereastherecould beup to 34 pigs in the treatment graup
More pigs occupied one feeding place (AFR) in the treatment groups with the
highest AFR of 1.6 for all pige the 3 observation and 0.9 for feeding pigs in the
2" observation. fie emperature wathe lowest in April andhehighest in June.

Table 4 General informatiorabout each observatiancludinga group of the pigsmnonthof the
observation outside temperature, mean, SESD, range, animal feeding place ratio (AFR) for a
pigslocatedandpigsthat were feedingn the feeding pens

All pigs in the feeding pens Feeding pigs in the feeding pens
. Outside
Observation Group Month Mean SEM SD Range AFR Mean SEM SD Range AFR
temperature
1nd 1 - control ~ April 8 AC 678 0.17 2.68 2-13 0.8 4.70 0.13 1.96 1-8 0.6
2nd 2 - treatmentMay 9 AC 1044 023 3.52 2-18 1.0 8.54 0.14 2.14 1-10 0.9
3rd 3 - treatmentJune 23 AC 1570 0.55 8.51 4-34 1.6 6.14 0.20 3.11 0-10 0.6
4th 3 - treatmentJuly 17 AC12.02 0.43 6.26 1-23 1.2 6.97 0.21 2.97 1-10 0.7

Note:
n=240 observationgor the control group
n=690 observationgor thetreatment groups

51.Behaviour al Dat a

The proportion of frequencies tife behaviourdetween the control and treatment
groups can be seen in Figure 5. Mean frequencies together with statistical
significances fosixteentypes ofbehaviour are displayed in Figure 6.

The control group performed both contactless and forced switches more often than
the treatment groups (Figure.3h contrary, in the treatment groups, agonistic
behaviour made up 4% of thebehaviours, a bigger proportion compared to 37 %

in the control group with the greatest differenceressingM+SD=0.131.17for

the treatment groupsompared toM=SD=0.04:0.11 for the control group
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p=0.000. The treatment groups also performed knocking, knocking with bite and
pressing with bite morfrequently(p=0.000). Vocalization was the most frequent
type of agonistic behaviour botim the control and treatment groupait with a
higher mean frequencyrfthe forme(M+SD=021+0.25, 0.1%0.18, respectively
p=0.028). The control groupngagedmore in social behaviour (8 % Figure 5,
p=0.018 for nosing, p=0.000 for tail/anal sniffinggs well as exploratory
behaviour (8 % Figure 5, p=0.000 for pen sndjicompared to the treatment group
with 4 % and 3 %, respectively. By contrast, immobile behaviour prevailed in the
latter group with a significant difference in lying£SD=028+0.28 for the
treatment groupsompared tdM+£SD=019+0.21 for the control groupp=0.000.
Sitting wasprevalent in the control group (p=0.000).

The descriptive statistics with mean, SEM, SD, minimum, maximum a/adues
for thebehavioursaareshown in Appendix 5.
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Control group

immobile behaviour

20%

switches

27%

exploratory
behaviour
8%
social behaviour ‘

8% agonistic
behaviour

37%

Treatment groups
immobile behaviour
26% .

switches

25%

exploratory
behaviour
N
social behaviour
4% agonistic
behaviour
42%

Note:
*n=120 for forced switch inthe control group
n=frequency of behaviour/pig/minute

Figure 5.Proportion offrequencies othe behaviours per pig per minutd switches (contactless
switch, forced switch), agonistic behaviour (vocalization, knocking, knocking+bite, pressing,
pressing+bite, tail biting, fighting, mounting), social behaviour (nosing, tail/anal sniffing),
exploratory behaviour (pen sniffing) amdmobile behaviour (standing, sitting, lying) between the
control group with 8 feeding places (n=240*) and treatment groups with 10 feeding places
(n=690)
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Behaviours
Note:

*n=120 for forced switch in the control group
Different letters within each behavioindicate statistically significant differences between groups
(Two-sample Studenttest, P < 0.05).

Figure 6. Mean of frequenciad sixteen types dbehaviour per pig per minut&ith error bars
(SEM) between the control group with 8 feeding places (n®240d treatment groups with 10
feeding places (n=690) and their statistical differences
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Number of pigs

Fi gur e 7 .corelatianrasdoimeérgsegression between the number of pigedrcontrol
(range 213) and treatment groups (range3#) and the frequency of agonistic behaviour
(vocalization, knocking, knocking+bite, pressing, pressing+bite, tail biting, fighting, mounting)

No significantcorrelationwas found betweetihe number of pigs and the frequency
of agonistic behaviour for the ctal or treatment groups (¥6.004 and +0.002,
respectively) (Figure 7).

52.Per formance Dat a

The treatment group 2 had a higher amount of feetivered per pig
(M+SD=3.53t1.01 compared tM+SD=3.18t0.65 for the control group, p=0.021)
and their ADG tendedbtincreaseleed efficiency was not affected by the number
of feeding placeg§Table5).

Table 5. Descriptive statistics of average daily ggidDG), kg of feed per kg of pig and f
efficiency FE; g:f) between the control group with 8 feeding pla@es67 days) and treatme
group 2 with 10 feeding place (n=67 days) and their statistical differences

Control group Treatment group p-value
Mean SEM SD Mean SEM SD
ADG (g) 1021 196 1608 1045 106 868 0.915
Kg feed/pig 3.18 0.08 0.65 3.53 0.12 1.01 0.021
FE 0.33 0.06 0.5 0.33 0.04 0.29 0.965

Note:

*Two-sample Studenttest, P < 0.05

The chosen date range was from tfieo? March to the 12 of May for the control group (South
compartment) ash from the ¥ of May to the B of July for the treatment group 2 (North
compartment).
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Neither a provision of 8 nor 10 feeding places allowed enough timgdsthat

enteredthe feeding aregM+SD=1129 number of pigs) to consunibe daily

amount offeed(M+SD=4.23t0.63 kg in the chosen darange (12 of June to the
6" of July). Time exceeded 24 houirs 92 % and 28 % casésr the control and
treatment group 2espectively Theoretically, 12 feeding places would provide

necessary time to eatp the daily amount of feed if the assumptionsnof
competition aroundhe feeders and consumption of feft 24 hours weranet

(Figure8).

O 8 feeding places M 10 feeding places M 12 feeding places

A=}
(]
&
G
(=]
S
= .
z 33.7
5
5 31.1
o = 29.3
ElS
z 273 26.
g
= 24.
z 23
S 23.0—— :
= 2. 22.4
2 21.40 %
- .
5 19.
= 18.4 18.4
17.20
15.3
4.3

Note:
Used data were taken from the North compartment wi
was93.22 kg ad the data ranged from the 1.2f June to the Bof July.

Figure 8. Number of hours needed to consume the daily amount of feed for allp®9£112+9
number of pigs) considerirthe different numbeg of feeding places (n=25 days)

53.Carcass Dat a

The number of days spent at the farm was 100 and 115 days for the control and
treatment group 2, respectively. The former group had a higher average initial
weight (34.4 kg) and also achieved a greater average carcass weight (94.2 kg)
compared tahe treatment group 2 weighing 31.9 kg at arrival and 91.3 kg at
slaughter.
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Table6. Proportion of a meat quality classification between the control group with 8 feeding
(n=107) and treatment group 2 with 10 feeding places (n=167) and their statidiffsrknce

Meat quality classification  Control group Treatment group p-value
64-61 13% 13%

| 0, 0,
60-57 51% 62% 0025
56-53 25% 21%
52-49 10% 4%

Note:

*Mann Whitney U tes® < 0.05

Carcass data range from th& 8f April to the 1% of June for the control group and from thi &f
July to the 280 of August for the treatment group 2.

The treatment group 2 attained a higher meat quality classification than the control
group (p=0.025) (Tabl6é). 13 % of the slaughtered pigs in both groups reached a
meat quality classification 61 and higher. However, there were 62 % of pigs in the
treatment group 2 compared to 51 % in the control group in the seughest
category (6667). The treatment group 2 had also a lower percentage of pigs with
classification below 56According to the European scale, the evaluation of pig
carcassesis based onthe leannessof meat ranging from45 % - 65 %
(Jordbrulsverket, 2019).

Parasites in the liver were the most frequent damages found in the castnall

as the treatment group 2 (48 and 75 cases, respectively). Other liver damage and
lung/heart inflammation followed for the control group (5 cases for each) whereas
abscess and joint injury for the treatment group 2 (2 cases for each). The other
carcass damageccurred only once or were not present (T@ple

Table7. Listing of the carcass damages between the control group with 8 feeding places
and treatment group 2 with 10 feeding places (n=167)

Type of carcass damages  Control group Treatment group

parasitic liver damage 48 75
other liver damage 5 1
abscess 1 2
joint injury 1 2
lung/heart inflammation 5 1
pneumonia and peritonitis 1 0
lunginflammation (SEP) 1 0
overall infection 1 0
mechanic injury 1 0
others 1 0
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6. DI scu:

The main aim of the thesisnvestigatedhow an increase of feeding places
influencal the expression dfifferent types obehaviour athe feederg pigs at an
organic farm. I hypothesized that the group with more feeding places exqress
less agonistic behaviour. The secondary axploredif more feeding places
affeced growth rate, feed consumption, feed efficiermnd carcass qualityhe
corresponding hypothesis to the second aim wad thatild see an improvement
in the overall performance of pigs housed with more feeding plabescatrol
group was provided with 8 feeding plages perwhereas th&reatmengroups had
access to 10 feeding plages pen

6.1. Mai n Findings

Thefrequency obehavious variedbetween the control and treatment grouise
treatmengrous performed more agonistic interactions which dispdotvee main
hypothesis. The same group also remained recumbent inside the feeding pens after
feeding bout to a greaterextentwhich resulted in crowding. Despite thanler
exhibition of agonistic behaww in the control group, vocalization was
significantlymore frequent. Additionallypigs with fewer paces engaged more in
socialand exploratory behaviosirADG and FE remained unchanged, but more
feed per pig wagi ¢ 0 n sl im ¢hd treatmentgroup®. The treatmentgroup
additionallyshowed a significant improvement in a lean meat percentage.

6.2.Behaviours

Behaviour in the control and treatment groups was influenced mcthuwpancy of
thefeedingpers. The animal feeding place ratio wastheory higher inthe control
group than in the treatment growpisen calculated for the whole pig unit. However,

5 Consumed in parentheses becahgeslystem collects data about the amount of feed delivered per kilogram
of pig, not an actual feed intake (as explainedviraterial andViethods)

6 The reatment group in the performance and carcass @satgssisted from one batch of the pfgsatment
group 2).
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the AFR based on the feeding pens occupancy was higher for the treatment groups

During the behavioural observatiorise pens werdess occupied for theontrol

group resulting in fewer pigs per feedingplaceThe contr ol groupo6s /
for all pigs and 0.6 for pigs that were feeding whereas the AFRhéotreatment

groupscould have been up to 1.6 for all pigs and 0.9 for pigs assumed to be feeding.

Pigs in both the control artdeatmentgroupswere often seeswitchingbetween
feeding placeslt is not surprising as pigs are explorative animals by nature and
experiments done in freanging conditiondiaveshown a significant timespent
looking forfood by moving between various foraging aréadnitz et al., 2007,
Nielsen et al., 208). Feedsampling helppigs gain information abouavailable
food items tobalance thie diet (Nielsen et al., 1996 Numerically, he control
group switched contaotlss and forced more often than the treatment groups.
Perhaps,fewer pigs in the pern the control groupmeart more spaceand
possibilities. Botermans & Svendsé2000 notedthat the possibility of choice
playeda bigger rolan switching than too few feeders per piggstheir study, ms

fed from four dry feeders often changed places accompanied by agonistic
interaction c | assi fi ed h e rdespite the Iéw penroccapancysoivi t ¢ h 0)
26 %.In this study, contactless swites happened more often than forced switches
in both groupsin natural conditions, pigs form group&2-6 individuals (Graves,
1984 as citedn Jensen, 2002nd foraging takes place in extensive areas (Jensen,
2002) with rare physical contact with otheThus a greater occurrence of
contactless switches could be logically attributed to a greater spabe pen
resulting in no need to unnecessarily interact with othex. pigreover pigslikely
evaluated both benefits and costs of forced withdra(@dsmussen et al., 2006)
and rather opted for no risk of injury thdre aggressive acquisition of the feeding
site. This all indicates an overplieferece for contactless switchegen given the
opportunity.

Vocalizationwas one of the prevalent behawis among all pigs. It is an important
Aimessage conveyoro and a situattieibon when
welfare state (Manteufell et al., 200Fhe pigs could havecommunicated through
vocalizing (Manteufell et al., 2004) to avoid conflctOn this account, a higher
frequency of vocalization in theontrolgroup with less agonistic interactions may
be elucidated. High pitch sounds (squealsooeams), in that case, sethas honest
signalsconveying useful information that conspecificsuld have notobtaned
another way (s@alled signalling theory) (Petak, 2019ccording to this theory, a
signal must be beneficial for boththe elicitor andeceiver (Laidre & Johnstone,
2013).In this study) had an impression thabcalization rarely ocurred alone and
often went with other agonistic behavioutsp i n k a(n.c)tfouna la strong
correlation between vocalization and aggression in sows at feedingugdpestion
seems plausible since social competition increases vocalization (S&cdpa00%)
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and the same was observed dutimgrecordings for this projecHowever, pigs in

the control group which vocalized more also performed less agonistic interactions

overall which contradictsthe assumption of a linear relationship between
vocalization and aggression suggested3gy i n k an.de.Kileya(1972 as the

first linked vocalization tahefi | e v e | of excitemento. He wun
excitementasian i ncrease in | ocomotion with the
activities mo e o &nd added that excitement is often elicited by a frustrating

situation HoweverKi | ey 6 s t hlesed gn highlpiEch sbyndsiassociated

with frustration. In this study, types of vocalization were not distinguisitedh

confounded theoutcomes since grunting, one othef r equent type of
vocalization has social rather than agonistic characteriftiesteuffel et al.,

2004) Despite thgta surmise ofa greater locomotion in the control group might

explain more vocal signalhen linked together withthe higher frequency of

switches, social and exploratory behaviour dhd lower frequency of lying

behaviour Nonetheless, a total active state of the pigs was not measured.

Preventing conflicdhas aradaptivevalue (Tinbergen, 1963jnce it allows feeding
with less disturbance and saves time for other interactAsmsnentioned above
thecontrol groupengaged more isocialnosing, tail/anal sniffing and pen sniffing.
Pigs have intrinsic need to use their ssofgr communication ah mutual
recognition (Camerlink et al., 2013yorth mentioning is also atilization ofthe
snoutsfor foragng and rooing around half of the day seminatural conditions
(Stolba& Wood-Gush, 1989)In this study pigswhen indoorssatisfiedthis need

by nosing or sniffing body parts of conspecifargiby exploring the perHowever,

pen sniffing might have been biased due to a frequent sniffing in the proximity of
the observellt is interesting thathe perception afiosing in pig behaviour differs.
Oczak et al(2013 attributed nosing a negative rddecausehey found 46 % of
aggressive interactiongitiated with nose to nose contact. On the other hand,
Camerlink, et al. 2018howeda relation in only 2.5 % of nosing ojurious oro-
nasalbehaviour Access to straw and familiarigf the pigs in Camerlink et al.
(2013 and barren environment and an immediate start of the observations after
mixing in Oczak et al(2013 were probableeasos for this disagreement. Based

on the similarity ofthe housing to Camerlink et 2013 andfindings from the
direct observations, social (nosing, tail anal sniffing) and exploratory behaviour
(pen sniffing) represeatirather a pleasant activity linked to social recognition and
foragingthan to aggressn. More agonistic behaviowccurredin the treatment
groups compared tdahe control groupThis finding was unexpectetegardingthe

fact the treatment grouplsad access to more feeding pkdrit simultaneously
there wereaalsomore pigs in the feedingeps Hence,it is worth mentioning that

for the analysishe behaviouradata were corrected fthe number of pigpresent

in the feeding penat the time of the observatiomhe issue with aggression at
feeding is that it cannot be fully preventadthe areas with a high population
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density such as feeding pens experieamceterference with the communicatory

behaviour (Ewbank & Briant, 1972). It means that even a group of pigastible

hierarchy may fight and compete fitve establishment of eank within the group

at feeding (Persson et al., 200BY. looking at the issue from consumer demand

theory, foodfor animalshas an ultimate value (Dawkins, 1983, as cited in Duncan,

1992)and represensi necessi t yo. | n econenstessitywor ds,
(food) so high that they continue buying it even when incomeh(s casdime)

becomedimited andfood costs go upd.g. by imposing moperant conditioning

taskor obstructive techniques obtain feeyl (Duncan, 1992)Here, it stands for

ppgso6 willingness to f i ghaninceaseghrieefoend a f e
energyexpenditure (Thomsen et al., 2016horter feedingime (Nielsen et al.,

1996, Rasmussest al., 200§, competition (Persson et al., 2008, Nielsen et al.,

1996, Thomen et al.2010, Rasmussen et al., 2006 pozaterefforts to obtain the

feed (de Jonge et al., 2008).

Additionally, the fact thatthe treatment groups were l&yght and five weeks
younger than the control grogpuld have also affectede expression agonistic
behaviour Scheffler et al. (201&uggested that aggressiomaisore stable trait in

older pigs but alsweferred toa difficulty to differentiate between playful and
agonistic behaviosrin weaned pigdn this project not only go factor midpt have
possibly influenced the behaviour talsoa familiarity with ths complexfeeding
systemThe observations for the control group were done on older pigs accustomed
to the system whereas two observational sessions for the treatment groups took
place shortly after their arrivalThe rovelty of the feeding environmentand
potential troubles to learn the operation of the system could have setvigges

for agonistic behaviour.Lastly, | speculate thatrecent regroupingwith
unacquainted pigsvas aother contributing factor to an elevated agonistic
behaviour in the treatment grougs shown in other studiesurner et al., 206,
Jenser& Yngvesson, 1998, Scheffler et al., 2016).

By evaluating the behaviours separately, six behaviours included mstgo
behaviour (pressing, pressing + bite, knocking, knocking + bite, tail biting,
mounting) happened more frequently in theatmentgroups with a significant
difference in pressing and pressing + bite. Vocalization (discussed separately) and
fighting occurred more in theontrolgroup, butheoccurrence of fighting was low

and only with a slight difference.

One of the most striking explanations for the distribution of agonistic interactions

is theoccupancy range of the feeding pens. Resources allocated in a restricted area
causeaccumulation of animals, resulting in crowding and elevated aggression
(Thomsen et al ., 2010, Boter mansBy& Svends:
considering the dimensioaf the feeding pen (4.6 x 2.3 myrowding in the
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treatment groups was more likely since there were up to 34 pigs at a time whereas
the maximum number of pigs in the control group wasAt8ording tothe KRAV
Standard$2019) growing pigs (< 85 kg) in organic conditions mulsave indoor

space of > 1.2 freachand > 1.5m? whentheyreach the finishing phase (< 110

kg). However, these dimensions applyatooverall indoor layout of the barn and

do not correspondent to a providgaace at frequently visited places like feeding
area. Pigs show little territorialismand voluntarily perform intense contact
behaviour, but they do need to keep individual distance (Broom & Fraser, 2007).
AggressionThomsen et al., ZM) or avoidance sategy may be the consequence

of spacedisruption whereas the latter is sometimes preferable (B&dfraser,

2007). It is difficult to avoid other pigs in a confined spdbas, aggression can be
significantly higher ina lower spaceallowance (Ewbank & Bant, 1972, Anilet

al., 2007).But the groups inEwbank & Briant(1972, Anil et al. (2007) were
provided with much smaller space allowamoenpared tgigsin my experiment,
therefore the results must be compared with cautiomstly, he incidence ofoo

many pigs in the feeding pen might have béeamreason forthe increase in
agonistic interactions in tteeatmengroupsasthesameas seen i n 06 Conne
al. (2002)

Pressing was the most frequently performed behaviour among agonistic
interactions in thetreatmentgrougs. It often occurred duringhe acquisition of a
feeding sitebut alsoontheway to the exitConsidering the high frequency of lying
behaviour, pigs in the treatment groups needepassthrough other pigsThe
frequency of Iying was high in both groups but fewer pigs in the pen on average in
the control group created an aisle to exit without excessive contact with other pigs.

Pig behaviour iglexible andinfluenced byexternal factors, such as precipitations,
wind andtemperéure (Kongsted et al.,, 2013)he dservance of théreatment
groups vasscheduled for May, June and July with maximum temperatures of 9, 23
and 17 °C on those particular dg$gkovde Historical Weathgn.d.).It was only 8

°C duringtherecording of thecontrolgroup in April Skovde Historical Weather
n.d.). Lying, despite the resting purposes, serves as an important tool to
thermoregulate the body.h& emperature of the environment (air velocity,
humidity and surface temperature) affects the duration, place, time and frequency
which pigs spend in lateral or sternatumbencyVelarde &Geers, 2007). Taking

i nto account p i ogeshéatigsands tbeefgrtt thatbeiating dtige t o
following digestive process generates additional heat (Kwakman et al., 2018), it is
expectedhat theyseek cool places for resting at high ambiemperatures. The
floor inside of thebarn apart for the deep bedded are&vas made of slats which
have been found as a favourable flooring to lie down wie@mtemperature rose
above 19 °C (Huynh et al., 2009he temperature inside the barn in June and July
most probably reached or even exceeded@@riside temperatuneot measured),
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sothatmore pigs remained by the feeders to rest on, slatpite the possibility to
go on pastureYet, the pigs did not experience heat st@s$ie temperature during
the recordingdid not exceed the upper critical pof@7 °C; Versiegen et al., 2005)
They werealsoseen huddling which typical forcolder temperatures (Ekkel et al.,
2003)but here thdikely causewas a limited lying area in tHeedingpen.

It is important to acknowledge that more observational tagsighout te whole
rearing period for both groups are needed to draw concludiorgeneral, the
DOMINO Pig Sortfeeding system represents a positive engagefaepigs. Pigs
spend more time feeding by having to wdéok feedin a challenging as well as
entertaining wayAltogether, itcan mitigate frustration and stereotgpihatarise
when pigs spend little time or acempletelydeprivedof foraging (Wood-Gush
and Vestergaard, 198Bergeron et al., 2006Moreover,the feedingsystem can
be perceivedas an environmental enrichmeimicreasng the welfare of pigs
regardingthe control over the environmeanhdpromoing coping abilities.

6.3.Per f or mance

Despite numerous indicatiorfsom various publicationghat more aggression
causes poorer performancewds not the case for this stu@rowth rate and feed
efficiencystayedhe samen bothgroupsbut the treatment group consumed more
feed and achieved better carcass quaSiyce thecollected data provided only
insight into the issue it cannot bleimed that the variation irepformance between
the control and treatment granvas caused bghanges ibehaviour.There were
many factors playinga role such asdifferent months of the observations,
temperature, age, pasture access and pen occupancies

Both groupshadsimilar yet high values in ADGI he farm belongs to the top 25 %
of the farms in terms of ADG when comparedhe Swedish national production
database with an average weight gain of 1030 g/day in the best Gamu &
Djurhéalsan, 2020)Persson et a(2008 found a decrease in ADG by 107 g/day in
the group of pigs fedestrictivelynine times per day comparéal three timegper
day. ADG was also lower in the AFR of 16:1 compared to 8:Gaorgsson &
Svendsen(200]) (fed restrictively oly in the finishing phase). Both studies
attributed the decline in growth to an elevated competition at feegdonghanges
were spotted in production variablestle group of 10 pigs accommodated with
either one or four feeding spaces with various sitgrof aggressioriNielsen et
al., 1996. The explication for the unchanged ADGthis experimentould be that
the ad libitum feeding potentially enabled compensatory feedisgssios to
individualsthat wereforced to stop feeding due to competiti&-E remainedhe
sameas inGeorgsson & Svends€a001).
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The higher feed consumption in thieeatment grougould be explained byhée
addition oftwo more feedingplacesthat provided more timefor feedng. An
approximated calculation was done to find dwgdifference in time allowance to
eat up the daily amount of feed for 8, 10 and 12 feeding plesteg earlier data on
time needed for feed consumption (RERgitNer 8 nor 10 feeding placpsovided
enough timgo consume the amount of daily feadd24 hours were exceeddxy
92 % and 28 %, respectively. In theomaving 12 feedinglaces would solve the
time budget issue®©n top of thatmore time for feedingossiblyaffected a lower
variance in ADG (SD) in the treatment group indicating more lgvéistributed
growth. A group of pigs inWastell et al. (2018yith the AFR of 10:1 hadlso
greater ADFI compared to 13:1 and 16l this study attributed the difference to
an increased feed wastage rather than to behavioural causes and longer time
allowance to eat the feed.

Nonetheless, the finding of the higher feed consumption contradicts the unchanged
ADG between the group®erhaps théact that he treatment group had access to
pasture duringhe whole growingdinishing phaseand consequently spent more
energy during foragingvhereashe control group did not for the firstghtweeks

could explain no additional gain in the treatmerdugp. In this trial, ime spent
defending the site could have influenced feed intake per feeding bout but not the
total amount of consumed feed for several reasons. First, feed consumption could
have been enhanced by t he tiopangsnéreasebi | ity
feeding speed as a consequence to competttield et al. 2010, Rasmussen et al.,
2006, Botermans & Svendsen, 20083cond the pigs were seen to feed at night
time (unpublished daté barn picture}s thesame strategy used by submiesand
smaller pigs in Botermans et §£010.

Carcass quality differed between the grolRig.carcasses asvaluated based on
lean meat percentagaanging from45 % - 65 % (Jordbrugverket, 2019).The
treatmengroupachieved aignificantly bettemeat quality classificationPersson
et al.(2008 saw a drop ihean meat conteiirh the group with more competition by
0.6 %.AlthoughtheP e r s s 0o n $showédithe odppositgcontradiction cannot
be claimedbased on insufficient data in this studykely, other factors have
affectedthegreater lean meat contantthe treatment groy.g.longer time spent
grazing outside

Foraging on pasture can be an important contribution of the energy, pasteiall

as vitamins and mineralEdwards, 208). Growing pigswith ad libitumaccess to
concentrate may ingest about 0.1 kg DM of a grazed herbage per day (Edwards,
2003). Studieshaveshown that pigs with a possibility to graze reached a slightly
higher although not significant carcdsan meat pecentage compared to indoor
reared pigs (Botermans et al., 20Enfalt et al., 1997). Enfalt et a{1997)
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attributedtheleaner carcass meat percentagiaéxombination of greater freedom

of movementith a generallyslower growth rate in organic pig8ut Millet et al.

(2004) compared conventional and organic housiagddid not see any significant
changes in terms of carcass lean meat percentage. After evabfdhiese studies,

we might ponder thahenumber of feeding placés the combination vih exercise
affected the meat quality. However, more research with a bigger sample and over a
longer period is needédd confirm this assumption.

Access topastureis the likely reasorwhy | sawthe increase ingastrointestinal
parasites in theeatmenigroup. Outdoor access is known to elevhtsincidence
of nematode parasitic eggs due to pasture soil contamination (Lindgren e2@L., 20

6.4. Economy

An implementation of innovative technologies comprised ofa onetime

investment along with a rise inmning costs. For farato be profitable, these must

be smaller than the revenue. The DOMINN® Sort feeding systems a large

i nvest ment and i mposes a bigger demand fo
anticipates a higher price for the meat. Conssrsépuldbe willing to pay more

for the meat produced in these systeand attributethe elevated welfare of the

animals withthe higher price. Farmers expect that the purchase of more feeders

generates better carcass quality resulting in a better payrgntthe
slaughterhouses.

6.5.1l mprové&mgryestions

Crowding

The DOMINOPIg Sort feeding system let pigs enter the feeding area in a constant
flow, thus, the number of pigs changed almost every mirtypothetically, a
threshold limit number (maximum numbdrpmgs in thefeedingpen)would cease

the risk of crowding and decrease agonistic behavideverthelesshy applying

this idea alone, other issusgch agotential aggression in front afgateto the
feeding pensvould emerge

First, pigs must go through a scalée entrygate to a scale opensenit detects
apig in front. In casethereis another pignside, the pig outside must wait until the
pig on the scale is released to one of the feeding fahs. capacity of thegfeding
pers exceeded théhresholdnumber the entry gatewould not open andueuing
pigsin front of it would give rise to potential conflicts. To avoid clustering, pigs
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could learn tapproactthescaleonly when they hear a specific signal. Ernst et al.
(2009t est ed pi lganingabilbies toioperate tis kind of system with
great success. Various sounds would sumnitiarent groups opigs trained to

reactonly to asound assigned to theRigs usingheii c d leledi ng st ati ono h

sameADG as pigs with conventional feeding system (Ernst et al., 2005).

Lying

Another issue wag i dymdresting in thdeeding pensvhichled to crowding and
difficulty for pigs to stand and ea&erhapsreduang the size of the feeding pgn
might weaken théendency to resind solve the problenBy a combination with
the threshold number idgenowing amaximum number of pige the pen at a time
would make possible tcalculate a pen dimensiamsuitable for a prolonged stay
after eating An equation dér an average lying space in thermoneutral condition
could be used: = 0.033 x W° (Ekkel et al., 2003). The equatiaould be then
accordingly adjusted to provide less space for lyirap thigs find comfortable
Next, floor-type hasalsan i mpact on pi gso6 nademorevi ty
abrasivesinceit has been shown as lestsractive for pigs to lie down (Lensink et
al., 2013). Besides, fans could be installed to generate draught to wgsategct
adversely An exposure to digh air velocity decreasdging time (Scheepens et
al., 199). The draughtlsomade pig®verallmore active and intensified agonistic
behaviour, therefore, this recommendation should be treated with caution.

Noise

The last suggestion is about the nomeduced by he entrykexit gates. The
construction offive hanging metal bars touching the slatted flogrcreates a
sudden noiswhen the barfall onthe floor(pigs have to lift the bars apéssunder
while entering/leaving the penlhe sound levels pig units range between 60

70 dB (Talling et al., 1998) and t#egates add unnecessary noise to an already
noisy environment. proposeeither to cover the ends thfe metabars with a rubber

or soften the slats bgladnga mat on the floor, eveumdlly both.

6.6. Met hodol ogy

This thesiswas designed asanterventionstudy, but its design was unbalanced.
The control group was observed for two days giving 240 observations while the
treatmentgroups that consisted of two batches of pigererecorded foisix days
adding up t&’20 observations. The experiment could not have been done otherwise
due to time planning and the farm flow. The unbalanced design with fewer
observations for the control group is the biggest limitation of this study, and the
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conclusons from the results must be interpreted carefully. However, the recordings
from thetreatmentgroups represent a solid data set that can be used fimther
studytargetingthis topic.

Even though a direct observation was a suitable methotheofecordng, a
disturbance of pigpehaviourwhenever the observer entered the barn proved to be

a disadvantage. To compensate for the disturbance, the observer waited for 10
minutes before each start of the recording ses$mnever, at times pigdid not

seem tdoe completely habituated to the obserfAarhaps, the observer should have

waited for a longer time until all pigs settled down. There wasdane to stand and
conductth@ bs er vati ons o thdrefooefbiaseth g bphavpw musts i g h t
be con&lered However, it is unlikely that this affected the results as the observer
logically affected both the control and treatment groups equally

Regarding the protocoand recordings each behaviour was assigned to an
individual if distinguishableThis was difficult at times of a densefeeding pen
occupancyand some errors at classification might have occuried. mutual
head/body knocking + bites (2 behaviours) or fighting (1 behaviour) were
occasionally problematic to tell apart. When facing thigasa priority was given

to record the behavioim either columrovera correct classification

The behaviours were grouped as it suited best for this stndyitmay not agree
with other publications. Vocalization was recorded as one of the agonistic
behaviours, but it caralso be classied separately.Depending on situations,
vocalizing has both agonistic and social purposes (Manteufell et al., 2004is
study, all types of vocalization were recorded, grunting included, vitgilingsto

a socialcategory.Although high-pitch sounds which signal frustration (Kiley,
1972) were prevalentthe issue with gruntingnight have created misleading
indications in the resultContactless and forced switch had their category of
Aswitcheso b ut waa anfeahibitica dof agomistic déhaviour.
Furthermore switches often happened concurrently with agonistic behaamar
were at times inadvertently missed when the feeding pens were densely occupied.

A parametric twesample Studenttestwas used fothe analysis of the behavioural

datg despite having a Poisson distribution. Parametric tests are usually used for
normally distributed datasets, btite Student {#test does not require a normal

distribution in sufficiently large nenormally distributed amples (Lumley et al.,

2002). The large amount of recorded observations (n=240 for 8 feeding places,

n=720 for 10 feeding places) represents a
et al., 2002). Additionallythe t-test was proven to be a suitable istatal test for

its robustness, considering an unbalanced design of this experifrather

concern might be a mass significance. | ugext-test for a comparison of each
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behaviour, but the more statistical comparisons are performed, the greater the
probability of false conclusion (Lane, 201Blence the fact that only biologically
relevant data for the experimentthe large datasetere analysed reduces the risk

of themass significance.

Following the assumptiotihat the number of pigs the feeding penaffectedthe
expression of agonistic behaviour, a Pearson correlation and linear regression were
computed However, the Pearson correlation coefficient showed zerelaton
between the number of pigs and agonistic behavossibly the issue was that

all eighttypes ofagonistic behaviour were correlated together, and, in some cases,
a stronger correlation would have been shown if every single behaviour was
correlaed with the number of piga the feeding penseparately.

6.7. Et hi cal aspect s

Due to the observational character of the stadyethical permit was needed. No

harm was imposed on the studied animals while conducting the study. The observer

followed allbioge cur ity rules and obtained a far mer
outcomes from the behavioural observations and the pictures taken at the farm.
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7. Concl u

The main ainwas toidentify any potentiatifferences in behavioura/ith agonistic
interactionsn focus,expressed at the feeddrstween the groups provided with 8
or 10 feeding place®ny possiblevariations in growth rate, feed consumption,
feed efficiency and carcass qualigre also examined

Based on the results | conclude that:

U The provisiom of two extrafeeding places did not decrease the expression
of agonistic interactions at the feedsnsce he treatment groups with 10
feeding places performed agonistic behaviour more frequethtiywever,
this finding cannot be solely attributed to tinember of feeding places but
rather to the dems feeding pen occupancy imettreatment groups. Th |
cannot conclude that more feeding places caused more agonistic
interactions since there weseveralkconfounding factors.

U Growth rate remained the sarnut there was an indication of more even
growth in the treatment grouphe treatment grouplsoconsumed more
feed but access to pastungth a consequentigher level ofexercise
possibly diminished the effect affaster growth.

0 Feed efficiency washot affected by more feeding placddence, the
treatment group attainedhégher lean meat percentagessibly caused by
acombination of the longer time spent grazing on pastureadathger time
for feeding On that account, the improvement iar@assquality can be
partly attributed to the increase from 8 to 10 feeding places.

U Theoretical calculationbased on the time needed for a pig to consume the
daily amount of feed shows that even 10 feeding places might not be enough
to provide sufficient access all 150pigs.

Considering the complexity ohé¢ DOMINO Pig Sort feeding systemthe
change of one attributeeithermitigated the expression of agonistic behaviour
at the feedersior improved overall performance. Additional research over a
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longer time vith a larger samplesize is needed to confirm the proposed
assumptions
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Appendix 1

Appendix 1. List of the ingredients in the concentraitbase 1, phase 2 and pha:

Ingredients Phase 1 Phase 2 Phase 3
Wheat 42% 43% 49%
Oats 10% 10% 12%
Fava beans 17% 17% 9%
Corn 14% 15% 16%
Slaughter mix  17% 15% 14%
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Appendix 2

Appendix 2. Content of the slaughter mix (Slakt-nfliggfor Sund Grymte

Name Units Amount
NE Swine - growing MJ/kg 8,2
ME estimated MJ/kg 11
Water % 8

Rye protein a/kg 401
Crude fat a/kg 61
Ash o/kg 47
Crude protein a/kg 191
Sodium g/kg 9,5
Calcium o/kg 42,2
Lysin g/kg 27,3
Methionine g/kg 6,8
Vitamin A IE/kg 30500
Vitamin D3 IE/Kkg 3050
Vitamin E mg/kg 549
Selen mg/kg 2,4
Nitrogen a/kg 64,1
Phosphorus a/kg 10,2
Potassium a/kg 13,9

Estimated climate

value g CO2 equiv 2114
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Appendix 3

Appendix 3. Protocol fathedirect observationat the farm
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Appendix 4

Appendix 4. Performance data from the South and North compagment

South compartment8 feeding paces

Date Number of pigs  Average weight (kg) Feed (kg)
03/03/2020 131 34.4 270.4
04/03/2020 130 227.6
05/03/2020 130 175
06/03/2020 130 37.5 199.9
07/03/2020 130 37.9 248.7
08/03/2020 130 39.6 288.7
09/03/2020 120 39.2 289.3
10/03/2020 99 41.3 274.3
11/03/2020 101 40.7 318.4
12/03/2020 107 43.3 316.8
13/03/2020 104 44.4 355.1
14/03/2020 104 46.4 322.8
15/03/2020 104 49.2 345.6
16/03/2020 97 47.3 291
17/03/2020 97 49.7 343.6
18/03/2020 117 50.0 350.8
19/03/2020 117 51.2 335.6
20/03/2020 117 52.9 381.1
21/03/2020 117 53.6 369.6
22/03/2020 117 54.9 349.1
23/03/2020 117 55.0 366.8
24/03/2020 117 56.8 353.1
25/03/2020 117 57.6 384
26/03/2020 117 59.1 412.5
27/03/2020 117 60.8 395.5
28/03/2020 116 62.3 392.7
29/03/2020 116 63.0 352
30/03/2020 116 64.6 412
31/03/2020 116 65.0 422.4
01/04/2020 105 62.8 383.6
02/04/2020 105 66.3 424.9
03/04/2020 105 67.3 396.5

04/04/2020 105 68.9 413.3

59



05/04/2020
06/04/2020
07/04/2020
08/04/2020
09/04/2020
10/04/2020
11/04/2020
12/04/2020
13/04/2020
14/04/2020
15/04/2020
16/04/2020
17/04/2020
18/04/2020
19/04/2020
20/04/2020
21/04/2020
22/04/2020
23/04/2020
24/04/2020
25/04/2020
26/04/2020
27/04/2020
28/04/2020
29/04/2020
30/04/2020
01/05/2020
02/05/2020
03/05/2020
04/05/2020
05/05/2020
06/05/2020
07/05/2020
08/05/2020
09/05/2020
10/05/2020
11/05/2020
12/05/2020
13/05/2020
14/05/2020
15/05/2020
16/05/2020
17/05/2020
18/05/2020
19/05/2020
20/05/2020

105
105
105
105
105
101
101
101
101
111
111
111
111
111
111
100
108
100
89
88
87
87
88
87
100
100
99
99
100
100
97
88
86
85
85
87
96
93
68
63
62
62
62
62
65
60

70.3
71.5
72.8
68.0
72.0
74.5
75.8
77.8
78.7
77.4
82.1
82.2
83.0
85.2
86.5
84.3
84.3
85.8
89.2
91.4
93.2
93.5
95.4
96.9
98.1
97.9
99.2
100.7
96.1
97.0
98.9
99.3
101.6
102.1
104.2
104.4
104.9
105.9
104.7
104.8
105.7
107.1
107.9
109.6
110.8
113.0

60

411.6
411.3
434

431.2
411.3
446.3
382.5
455.3
439.4
403.4
490.6
a447.7
416.4
461.6
462.3
460.6
431.8
478.8
380.4
432.2
449

428.7
418.8
423.8
481.3
341.8
391.6
372.8
386.6
360

418.6
584

438

423.8
327.9
353.9
338.7
356.6
483

342.8
297.5
297.1
279.9
356.6
249.8
263.6



21/05/2020 60 114.7 262.2
22/05/2020 60 115.0 237
23/05/2020 60 116.9 262.5
24/05/2020 55 117.6 292.4
25/05/2020 61 118.7 306.5
26/05/2020 58 118.9 292.3
27/05/2020 17 115.7 293.9
28/05/2020 12 112.6 234
29/05/2020 15 112.8 62.6
30/05/2020 16 113.6 110.3
31/05/2020 16 1155 108.1
01/06/2020 16 1155 125.2
02/06/2020 13 116.8 108.3
03/06/2020 13 115.3 154.9
04/06/2020 8 116.6 94.1
05/06/2020 8 117.9 141.5
06/06/2020 8 118.6 110.8
07/06/2020 8 119.2 94.1
08/06/2020 4 120.8 44.6
North compartment 10 feeding faces

Date Number  Average weight (kg) Feed (kg)
27/04/2020 166 31.9 359.5
28/04/2020 166 two extra feeding llaces 301.7
29/04/2020 166 279.7
30/04/2020 166 34.6 229.1
01/05/2020 164 36.2 245.8
02/05/2020 157 37.7 287.6
03/05/2020 155 38.6 305.9
04/05/2020 152 39.5 297.7
05/05/2020 155 40.4 350.4
06/05/2020 125 41.6 303.3
07/05/2020 124 43.1 343.4
08/05/2020 134 42.4 338.9
09/05/2020 132 43.8 358.6
10/05/2020 132 44.2 308.1
11/05/2020 133 45.0 329.2
12/05/2020 118 45.1 378.9
13/05/2020 113 46.3 346.7
14/05/2020 113 47.8 484
15/05/2020 113 48.8 438.3
16/05/2020 113 49.7 481.7
17/05/2020 113 50.6 469.9
18/05/2020 122 51.8 454.8
19/05/2020 108 52.2 382.6
20/05/2020 122 53.8 483.2
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21/05/2020
22/05/2020
23/05/2020
24/05/2020
25/05/2020
26/05/2020
27/05/2020
28/05/2020
29/05/2020
30/05/2020
31/05/2020
01/06/2020
02/06/2020
03/06/2020
04/06/2020
05/06/2020
06/06/2020
07/06/2020
08/06/2020
09/06/2020
10/06/2020
11/06/2020
12/06/2020
13/06/2020
14/06/2020
15/06/2020
16/06/2020
17/06/2020
18/06/2020
19/06/2020
20/06/2020
21/06/2020
22/06/2020
23/06/2020
24/06/2020
25/06/2020
26/06/2020
27/06/2020
28/06/2020
29/06/2020
30/06/2020
01/07/2020
02/07/2020
03/07/2020
04/07/2020
05/07/2020

122
122
122
108
122
120
121
120
120
120
120
120
120
120
121
120
120
120
115
115
115
115
110
120
120
120
120
117
120
116
116
120
120
120
109
109
112
116
116
114
106
101
85

101
101
101

55.4
56.3
57.2
58.7
59.2
61.1
59.3
61.0
62.7
63.7
64.8
66.4
68.0
68.7
69.8
70.2
72.1
73.1
74.8
76.5
78.3
78.8
80.5
81.7
83.2
83.7
85.2
85.5
84.0
88.0
89.1
90.0
90.9
91.7
95.3
97.3
97.1
98.4
98.4
99.1
99.8
99.7
100.4
101.5
102.3
103.1
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482.6
507.7
197.9
539

527.5
520.6
580.9
271.8
534.6
549.3
565.2
561

550.1
572.4
592.7
566.2
519.6
609.5
606.1
535

596.3
599.5
581.5
536.4
536

564.5
558.6
570.4
417.6
655.3
551.7
585.2
447

611.4
618.3
569.1
601.4
581.4
548.9
612.8
633.6
583.7
623.7
471.8
576.4
526.5



06/07/2020
07/07/2020
08/07/2020
09/07/2020
10/07/2020
11/07/2020
12/07/2020
13/07/2020
14/07/2020
15/07/2020
16/07/2020
17/07/2020
18/07/2020
19/07/2020
20/07/2020
21/07/2020
22/07/2020
23/07/2020
24/07/2020
25/07/2020
26/07/2020
27/07/2020
28/07/2020
29/07/2020

104.6
104.4
106.3
105.2
105.8
106.5
106.0
105.0
105.8
107.5
108.6
110.0
111.0
112.0
113.1
113.5
113.0
113.4
1154
116.6
118.5
117.9
117.2
116.3

490.1
589.3
498.5
548.1
434.7
510
372.3
293.7
307.7
329.7
271.9
256
304.5
380.8
324.1
274.6
80.2
225.3
214.3
211.3
232.2
392.3
337.6
152.2
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Appendix 5

Appendix 5. Descriptive statistics of mean frequenzissxteen types dfehaviourper pig
located in the feeding argzer minutebetweerthe control group with 8 feeding places and

treatmentgroups with 10 feeding places and their statistical differences

0000 T 0 820 TOO 820 069 TLO 0 T¢0 TOO 6T0 OFc BuiAg
0000 G0 0 €00 000 000 069 SC0 0 600 000 TOO OFc bumis
T1€0 €v0 0 900 000 €00 069 ¢€€0 0 900 000 €00 OFc Buipuels
0000 G0 0 .00 000 ++0O0 069 ¥S0 0 270 TO0O 600 OFC Buius usd
0000 TEO 0 ¥00 000 <¢00 069 990 0 800 TO0 v00 Opz Buuseuesel
8T0°0 T 0 .00 000 ¢€00 069 S0 0 600 TOO SO0 OFC BuisoN
G820 0T0 0 TOO 000 000 069 TTO 0 TOO 000 o000 OF¢ Bununop
1820 G0 0 900 000 200 069 €€0 0 .00 000 €00 OFC Bunybi4
G790 GT'0 0 T00 000 o000 069 TITO 0 TOO 000 o000 Ovc Bunig e
0000 G20 0 <200 000 TOO 069 600 0O TOO 000 o000 Ovc alg+buissaid
0000 80 0 T0 TOO €T0 069 6SL0 0 TIT0O TOO ¥O00O OFC Buissaid
0T¥'0 8590 0 O0T0 000 900 069 /190 0 0T0 TO00 v00 Obz  dug+bunoouy
L6T°0 T 0 ¥T0 TOO TITO 069 G.O 0 €TI0 TOO0 600 OFc Buyoouy
8¢0°0 T 0 8T0 TOO LTO 069 ST 0 920 ¢00 TCZO Ove uonez|[edoA
29%'0 8.0 0 ¢rTo 000 800 069 SL0 0 9T0 <200 600 OCT YaNMs padlo
500 € 0 €0 TOO TZ0 069 G'¢ 0 TE0 200 920  OrINUMS SSSIJIIEIU0D
onend BN UW - dS W3S Uueei U XeN UN  dS W3S uedp u Jnoweyag
sdnoJb Juswyeal | dnoJb jonuo)

64



