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Abstract

This thesis focuses on the effect of farm managgmeousing conditions and
maternal behaviour during lactation on piglet betwaw and mortality. Piglet mortality
represents regardless of the housing system foowarg sows serious economical and
welfare issue on all commercial pig farms. The thesbased on three papers with IF which
focused on various treatments in order to redugéetfpmortality. In addition, conclusions
from a review addressing among others the effedtanfsing system on piglet mortality is
included in the thesis. All experiments were cordd®n individually loose-housed sows in
Norway in 2009 which provide better welfare to soavel piglets but are by pig breeders
traditionally considered unable to compete withtenasystems in terms of higher piglet
mortality. The first study focused on six differemanagement treatments at the time of
farrowing as drying piglets, placing them at the erddr creep area and their combination
(dry + udder, dry + creep area) and control treatnm latency to first suckle, heat loss,
weight gain and postnatal mortality. The differenga piglet mortality between various
treatments were not clearly distinct, however wineerging all six treatments into three
classes (control, treatments including drying amattments not including drying) there was
higher postnatal mortality in treatments which does$ include piglet drying compared to
control and treatments including piglet drying afteth. Large litter sizes resulted in a higher
postnatal mortality in all treatments. Regardlesdredtment, several piglet-related factors
were found to be highly important for postnatal tality, such as the number of functional
teats per piglet, birth weight, the latency frontlibito first suckle and rectal temperature at 2
hours after birth. In the second study, severakgrarea features attractive to piglets to
increase the heat conserving capacity in the cagep (an insulated and soft bedding in the
creep area and an equal creep area plus an addlii@tl as insulation; both compared to
control) were used to attempt to increase time tspgipiglets in the creep area the first two
days after birth (i.e. creep area should provide¢ableé microclimate and, as commonly
assumed, protect piglets from maternal crushingixthermore, we investigated whether
increased time spent in the creep area would redfgct piglet crushing and mortality.
Improving the thermal comfort and increase the dayfebedding in the creep area did not
increase time spent away from the sow, nor dieéduce piglet mortality. The quality of the
creep area thus appears to have little impact gletmsurvival. The third study focused on the
impact of sow—piglet communication during pre-lyinghaviour (sow vocalization, sniffing

and nudging piglets) on piglet location before sbe was lying down and on the incidence of



piglet crushing. In contrast to what we predictedcalization and sniffing increased the
proportion of piglets (out of the litter size) ihet predefined danger zone (area in a close
proximity from the sow where higher incidence dflpt crushing was expected); nudging did
not have any effect. Thus the more sows commumcaith piglets, the more the piglets
were attracted to stay in close proximity to thevstowever there was no association
detected between sow pre-lying communication arglepicrushing. In summary, these
results should be taken into account for practicsad in order to reduce piglet mortality on
commercial pig farms. Farrowing should be attendgdhe barn staff that would dry the
piglets after birth, inspect functional teats amdphthe piglets to get the first milk intake as
soon as possible after birth. Furthermore, piglstedng natural need to keep close to the
mother in the first few days after the farrowingshld be implemented when designing new
housing systems for farrowing sows (based on thmeselts new farrowing pens without
separated creep area for piglets are currentlgdest a larger scale for future commercial use
in Norway). There is increased evidence from i@ suggesting competitiveness of loose

farrowing systems with crated systems in termsigiepmortality.

Key words: piglet mortality, farrowing pens, crushing, managat routines, creep

area, maternal behaviour



Abstrakt

Tato disertani prace je zastena na vliv managementu, ustdjeni a ts&tEho
chovani Bhem laktace na chovani a mortalitu selat, kteraz foedilu v typu ustajeni -
piedstavuje vazny ekonomicky a welfarovy problém $ech komemich chovech prasat.
Tato prace vychazi zéi €lanki s IF, jejichZ cilem bylo snizZit mortalitu selatale zahrnuje
poznatky prezentované jako reviewasopise Veteririatvi, ktery se, krokhjiného, sousedi
na vliv ustajeni na mortalitu selat. VSechny expenty byly provedeny na prasnicich a
selatech ustajenych individuélwe volnych porodnich kotcich v Norsku v roce 2008Iné
ustajeni poskytuje prasnicim a seétatlepsSi welfare, avSak chovatelé prasat toto ustaje
povazuji tradiné za nekonkurenceschopné iwdda vysSi mortality selat. Prvni experiment
se zaniiil na 6 iiznych poporodnich odeni selat, které byly provedeny ihned po porodu,
jako je osuSeni selatfifpzeni selat ke struim, vlioZeni selat do teplého whaného hnizda,
jejich kombinace (usuSeni + ke sténk, usuSeni + do hnizda) a kontroly, na latenci irwn
napiti se kolostra, tepelné ztraty, vahowristek a na mortalitu selat. Vliv jednotlivych
oSeteni selat na mortalitu selat nebyl jednaang presto pokud 6 oSini rozélime do 3
skupin (kontrola, oS&tni zahrnujici osuSeni selat a ¢Set bez osuSeni selat), pak byla
nalezena vySSi mortalita u selat, které nebyly pmgu osuSeny v porovnani s kontrolou a
témi selaty, které osuSeny byly. Se zvySujicim s&eu selat ve vrhu také doslo ke zvySeni
mortality selat u vSech o3$ehi. Nicmés, bez rozdilu, které o%eni po porodu bylo
provedeno, byly zjighy faktory, které vyrazh ovliviuji mortalitu selat, jako je et
funkénich struk na kazdé sele ve vrhu, porodni vaha, latence lpovnapiti se kolostra a
rektalni teplota 2 hodiny po porodu. Ve druhé stisthe se soustdily na kvalitu hnizda pro
selata a jeho atraktivitu ve smyslu tepelného kotaf¢hnizdo bylo vystlano skkou a
suchou podestylkou v porovnani se stejnym hnizdeené bylo navic chr&mo s€nou jako
izolaci; olg hnizda byla porovnana s kontrolou) s cilem motatogelata, aby stravila
v hnizd vice ¢asu Ehem prvnich dvou dnpo porodu (tj. hnizdo poskytne sélat vhodné
mikroklima, a dle vSeobeémozsfeneého pedpokladu, chrani selatégol zalehnutim matkou).
Dale jsme zkoumali, zda toto proporcionalni navySemoZzstvi casu straveného selaty
v hnizd opravdu ovliviuje zalehani selat a mortalitu po porodu. Zlepggmelného komfortu
hnizda v8ak neovlivnilo mnozZstéasu, ktery selata stravila mimo oblast blizkostiky4t;.

v hniz&), ani nedoSlo ke snizeni mortality selat. Kvalitdzda se tak jevi jako nepodstatna
ve smyslu peziti selat po porodu. Veéeti studii jsme se zalfili na komunikaci prasnice se

selaty bezproggdre pred ulehnutim (vokalni komunikace,ichavani a naso-nasalni



kontakty) na pravwpodobnost vyskytu selat v blizkosti matky v okarozighani, a na vliv
tohoto chovani na mortalitu selat. Na rozdil odictaSpedpoklad, s vysSi frekvenci
vokalizace prasnice acichavani selat se zvysSila praymbdobnost vyskytu selat v tzv.
nebezpeéné zor (oblast v bezprogedni blizkosti matky, kde byléekavan zvySeny vyskyt
zalehnuti selat prasnici). Naso-nasalni kontakiyneéhe vliv na pravdpodobnost vyskytu
selat v blizkosti matky. Shrnutdim vice prasnice se selaty komunikovala, tim véatatdylo
piitomno v jeji bezprogedni blizkosti, nicmé&hvliv komunikace prasnice a mortality selat
potvrzen nebyl. Z&rem, vysledky uvedené vySe jsou cenné pro praxelg by byt vzaty

v Gvahu za &elem snizeni mortality selat v kondeich chovech prasat. OEstatel by ndl
byt pritomny u porodu prasnic, ihned po porodu selataipsintrolovat funkni struky a
piikladat selata ke struikn, aby se napila kolostra co mozna tiejel po porodu. Mimoto,
silnd poteba selat drzet se v blizkosti matkghbm prvnich dé po porodu, by ra byt
respektovana ip vyvoji novych typi porodnich bok pro prasnice (na zakladtéchto
vyzkumi probiha v sotasné dob jiz ve wtSim netitku testovani nového ustgjeni, kde selata
nejsou separovana od matky v hrizd cilem vyuZzit nasledntoto ustajeni v koménich
chovech prasat). Mnozstvi studifiraSejicich za&uy o srovnatelné mé mortality selat ve

volném a klecovém ustajeni poukazuje na konkuremogsost volného ustajeni.

Kli¢éova slova: mortalita selat, volné ustajeni, management, lmiptb selata,

matdské chovani
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1. Introduction
1.1. General introduction

This thesis provides new knowledge about the efd@¢arm management, housing
environment and maternal behaviour on piglet behavand early piglet mortality. It is based
on three published papers with IF and one artialbliphed in the journal reviewed by
scientific commission (Veteridigtvi). All studies were carried out in domestic {Gus
scrofa f. domestica).

Domestic pigs are descendants of the wild b8as ¢crofa), a geographically widely
distributed artiodactyl species belonging to theifa Suidae (Spinka, 2009). As far as we
know, no single behavioural pattern of the matebeddaviour has disappeared from the wild
boar repertoire during the domestication processs{@sson et al., 1999). Therefore,
behaviour of wild boar, feral pigs and domesticspkgpt in natural conditions informs us
about the behavioural needs of pigs and also hedp® understand the structure and the
function of behavioural patterns whose purposeffgdit to see within the barren conditions

of modern intensive indoor systems (Spinka, 2009).

World pig meat production has nearly doubled ofaerlast 20 years and more than 1
billion domestic piglets are born every year wortldiev(Cameron, 2000). There are more than
15 million sows and 40 million piglets in the EurapeUnion (EU 27; Eurostat 2010). In the
Czech Republic the number of sows in contrary digtdacreased within the last two decades
from around 330 thousands in 1990 to 122 thousan@909, however with 23.7 liveborn
piglets per sow yearly (SCHP, 2010), which makesost 3 million piglets born every year
(Agroweb, 2012), it is still an industry of a vehygh importance. In Norway, where the
experiments included in the present thesis werelucted, every year more than 1 million

piglets are born (Norsvin, 2008).

Piglet mortality represents a serious economicdl\aalfare problem in all housing
systems for lactating sows and ranges from 10 Wg#0té6 (Weary et al., 1996; Marchant et
al., 2001; Edwards, 2002; Damm et al., 2005; Jamretcal., 2007). In the Czech Republic
live-born piglet mortality is around 10.9 % $U, 2011). In Norway 14.8 % live-born piglets
die before weaning (Norsvin, 2008). Piglet morjaig the highest within first 3 days post-
partum (pp) and is caused by maternal crushingivaian, hypothermia and their
combination (Marchant et al., 2000; Edwards, 20@82knatal factors, management around

12



farrowing, housing environment and maternal behavall play an important role in piglet
survival (e.g. Andersen et al., 2005; Baxter et 2008; Andersen et al., 2009). The vast
majority of lactating sows on commercial pig fara® since 1960s housed in farrowing
crates which provide unsatisfactory living condisdor the sows as restriction of movement,
nest-building and communication of piglets (e.gviered by Barnett et al., 2001 and
Wechsler and Weber, 2007) but that have been caesides an efficient way to decrease
piglet mortality (Blackshaw, 1994; Marchant et @&000). However, there are some studies
showing that overall piglet mortality does not hawenecessarily differ in crates and loose-
housing systems (e.g. Weber et al., 2007; 2009;rBedet al., 2011; Kilbride et al., 2012;
MeliSova et al., 2012). Similarly, Wechsler and Wef&907) in their review concluded that,
taking scientific evidence as well as practical egpee into account, piglet mortality in
loose farrowing systems need not exceed that ¢¢ sygstem. Some countries in Europe have
already banned housing of lactating sows in fargwerates in their legislation (Norway,
Sweden, and Switzerland) some other countries wrerntly in the process of its limitation
(Austria). In organic farming, keeping of lactatispws in the farrowing cages is not
compatible with European Union legislation. Therefdan order to increase the number of
countries in which sows would be kept in loose haysystems, such housing systems must
ensure farmers of low piglet mortality in orderlt® economically profitable and competitive

with crated farrowing systems.
1.2. Management routines at the time of farrowing

Under semi-natural conditions, a domestic sow selbarate herself from the social
group and seek a suitable nest site 1 — 2 days forimrrowing (e.g. Jensen, 1988). When a
suitable nest site has been located, she excaadtedow and collects suitable material to
build a nest in it, spending typically 5 — 10 htbe construction (e.g. Wood-Gush and Stolba,
1982; Jensen et al., 1993). The nest contain enoaghrial to cover the piglets completely,
and in some cases the sow as well (Jensen eB8B).1During the first two days after birth,
the sow will spend 90% of her time in the nestydahving the nest for brief foraging trips
(Stangel and Jensen, 1991). The piglets spend fivesalays after birth resting in close
contact with the sow and littermates, leaving thst maly to defecate (Stangel and Jensen,
1991). Remaining in the nest after birth servesis®vadaptive functions for the piglets: it
facilitates the development of the mother-young b@rehsen and Redbo, 1987), it reduces

the chance of becoming separated from the sowiaog luetected by predators, and perhaps
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more importantly, gaining warmth (Fiala and Hurni@83) and food from the udder. As
other altricial mammals, piglets are born without for brown adipose tissue so their
thermoregulatory capacity is poorly developed dytime first days after birth (e.g. Berthon et
al., 1994; Herpin et al., 2002). Although hypothexns rarely recorded as cause of death in
commercial pig herds, it might often be the primaguse of starvation and crushing
(reviewed by Edwards, 2002), as hypothermia renttespiglet less able to find a teat or
avoid overlying by the sow (English, 1993). Heainfrthe udder will reduce the amount of
energy needed to maintain body temperature anththke of colostrum provides a valuable
energy source for thermoregulation (Herpin et 3094), which in turn may increase the

piglets’ chances of survival.

Temperatures in the commercial farrowing unit acenmally kept within sow’s
thermal comfort zone (around 20 °C) but it is betbe piglets’ lower critical temperature (34
°C), which can induce cold stress and render tgketgi less viable (e.g. English, 1993). Heat
loss is especially critical for piglets directlytaf birth, as they are wet with birth fluids.
Newborn piglets can lose more than 2 °C in bodypemature from birth until they find a teat
or enter the heated creep area, and this heatrlagse fatal for weak and small piglets, as
they are in greater risk of starvation or beingsbed by the sow (Baxter et al., 2008;
Pedersen et al.,, 2011). Colostrum intake is vitabider to improve thermoregulation and
survival in newborn piglets, as body temperature lagat production are positively related to
colostrum intake (e.g. Gentz et al., 1970), andepsgwithout colostrum intake are unable to
reach thermostability (Noblet and Le Dividich, 198l addition, hungry piglets often stay
close to the sows' udder, which may further inceele risk of crushing (Weary et al., 1996).
Previous studies found that piglets who survivevéaning are generally heavier, born earlier
in the litter and spend less time from birth tcstfisuckling (Hartsock and Graves, 1976;
Tuchscherer et al., 2000; Baxter et al., 2008).Wing that it can take up to 3 hours for a
piglet to reach a teat after birth (e.g. Thingniealg 2008), it is important to reduce the heat
loss after birth, and subsequently, perhaps rethedime from birth to colostrum intake. In
order to reduce piglet heat loss, the farrowing peroften equipped with a suitable
microclimate (34 — 36 °C) for the piglets. Previossidies found several management
routines that reduced piglet mortality, includingpsrvising the farrowings and provision of
oxygen, giving milk and fluids orally or tying thembilical cord (e.g. Holyoake et al., 1995;
White et al., 1996; Alonso-Spilsbury et al., 200&h efficient and simple way of reducing
the heat loss after birth is to dry the piglets atate them underneath the heat lamp, which

14



alone can reduce piglet mortality by 6 — 8 % (Matsnet al., 1981; Christison et al., 1997,
Andersen et al., 2009). However, Christison e{(E97) did not find a relationship between
drying piglets, placing them in the creep area, tameé to first suckle. Comparatively, helping
piglets to get colostrum after birth by placing thenear the udder has improved piglet
survival in commercial loose-housed sow herds (Asele et al., 2007). For the pig farmer, it
Is important to know which of these routines are rti@st efficient with regards to reducing
postnatal mortality, and thus being able to weanmenmuglets. To develop some rules of
thumb on management around the time of farrowinglavdenefit pig welfare and survival,
thus improve the farmer's economic return, as lasghe routines are simple and not too

time-consuming.
1.3. Piglets’ use of the creep area

Piglets in semi-natural conditions start followittte sow on small foraging trips
from 4 days after birth, and the sow and litteoirejthe group around 10 days after farrowing
(Newberry and Wood-Gush, 1988; Jensen, 1988). ©nlike sow-piglet interactions
observed in semi-natural conditions, where the temves the piglets in the nest, modern
farrowing systems are based on the principle tleatborn piglets will leave the sow area
where the temperature is kept within sow’s theromahfort zone 20C and enter previously
mentioned much warmer heated creep area (34 ‘€B&However, numerous studies have
found that young piglets prefer to huddle neargbe and littermates despite unfavourable
thermal conditions in the sow area, instead ofistain the creep area during the first days
after birth (e.g. Hrupka et al., 1998; Andersenakt 2007; Vasdal et al., 2009). In fact,
Hrupka et al. (2000) found that piglets were mdteaeted to an anesthetized piglet in a cold
chamber than to an empty warm chamber, suggestaighe attraction to physical contact is
stronger than the attraction to ambient heat. Tigkets only start using the creep area to a
substantial extent from day 3 after birth (e.g. pkau et al., 1998; Berg et al., 2006; Vasdal et
al., 2009), which is the age when they would ndityistart exploring the nest surroundings
together with the sow (e.g. Stangel and Jensenl)1@&spite the piglets’ motivation to lie
close to the sow, many farmers’ constructions aridngific studies have been aimed at
increasing the attractiveness of the creep aretewvitne use of the creep area in farrowing
crates has been increased by: reducing temperature sow area (Zhou and Xin, 1999;
Schormann and Hoy, 2006; Burri et al., 2009), agldinvarm water bed in the creep area

(Ziron and Hoy, 2003) or providing a simulated uddethe creep area (Lay et al., 1999;
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Toscano and Lay, 2005). Piglets in farrowing craigsnd more time in the creep area than
piglets in farrowing pens, possibly because the so®a is made less attractive by slatted
floors, horizontal bars around the sow and redwspate (Blackshaw et al., 1994; Vasdal et
al., 2009). Another reason for this difference milga the extra attraction of the sow area to
piglets resulting from higher maternal motivatiorspdayed by sows in farrowing pens
showing more piglet-directed behaviour, higher oespveness to piglet screams and
increased nursing behaviour (e.g. Cronin et al961®rey and Sancha, 1996; Jarvis et al.,
2005). Vasdal et al. (2010) found that 24-h-oldegdig preferred 42C to other, lower infrared
temperatures, and a thick layer of sawdust to bdtlam mattress and a water mattress. Thus,
it might be possible to increase the use of thegerea in loose-housed sows by combining a
thick layer of sawdust with high infrared temperats However, although previous studies
have shown that piglets in farrowing crates spewdenime in the creep area than piglets in
farrowing pens, a relationship between increaset tspent in the creep area and piglet
mortality has not yet been documented. This infdimnawould be important to the ongoing

work of reducing piglet mortality in loose-housexhs.
1.4. Sow pre-lying communication with piglets

Besides management routines conducted straighttaéidarrowing and attraction of
piglets into the nest area in order to avoid pigteshing by the sow, behaviour of the mother
might also affect piglet crushing and mortality.v8el studies made in loose-housing
systems allowing the sow to move around and comeatmifreely with her piglets show that
maternal motivation and protectiveness have a lemgact on piglet survival (Wechsler and
Hegglin, 1997; Spinka et al., 2000; Marchant et2001; Pitts et al., 2002; Andersen et al.,
2005). Before lying down, sows perform specificdagmf pre-lying behaviour (e.g. Clough
and Baxter, 1984; Blackshaw and Hagelso, 1990; hviec et al., 2010) which might be
functional by attracting piglets’ attention and igly them enough time to move (e.g.
Marchant et al., 1996). These types of behavioer moting (Blackshaw and Hagelso, 1990;
Spinka et al., 2000; Marchant et al., 2001; Vakbsl., 2003; Pokorna et al., 2008; Burri et
al., 2009; Wischner et al., 2010), pawing (Marchantal., 2001; Pokorna et al., 2008;
Wischner et al., 2010), sniffing piglets (Valrosagt 2003; Pokorna et al., 2008; Wischner et
al., 2010), nudging piglets (Marchant et al., 200&@dking around (Marchant et al., 2001;
Wischner et al., 2010), turning around (Burri et aD09) and descending vertically (Spinka

et al., 2000). In a group farrowing system, inceglmcidence of sow’s pre-lying behaviour
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decreased the occurrence of dangerous situatiadsgto crushing (Marchant et al., 2001).
In crates, sows that have not crushed piglets parfare-lying behaviour more often than
sows that crush at least one piglet (Wischner .et2810). In contrast to this, some studies
focusing on different pre-lying behaviours bothcmated and loose-housed sows, did not find
any relationship between pre-lying behaviour andbpbility of crushing (Pokorna et al.,
2008), the incidence of near-crushing situationar {Bet al., 2009) or piglet mortality in
general (Spinka et al., 2000). Valros et al. (2008)d lower piglet mortality due to crushing
in indoor, loose-housed sows with increasing raptativity, but sniffing piglets and other
pre-lying behaviour was not significantly relatedthe incidence of crushing. According to
Johnson et al. (2007), sows kept outdoors thatndidcrush any piglets spent more time
pawing than sows that crushed some of their pigldtsvever, this was not the case for
rooting behaviour with the snout directed towatus ground in a similar study with outdoor
sows (Spinka et al., 2000). It is likely that comnwation through sniffing, nudging and
vocalization have a larger impact on piglet locatamd the chances of getting crushed than
the less focused rooting or the nature of postbemges. These contradictory results question
the function of these two behaviours as preparateoyements for lying down. Except for
nest building, pawing is most commonly observedeiation to lying down movements (e.g.
Johnson et al., 2007), whereas motivation for napis also high in pregnant sows and can be
observed in a wide range of situations (e.g. Stadstial., 2007). Sows that do not crush any
of their piglets respond sooner to piglet distreaks and sniff their piglets more than sows
that crush several piglets (Andersen et al., 20Rkhough there are several studies on vocal
communication during nursing (e.g. Algers and Jen$685; Blackshaw et al., 1996; Spinka
et al., 2002) and offspring recognition (e.g. llhmaet al., 2002), vocal communication
between sow and piglets, specifically before the #ew down has, to our knowledge, not
been documented. The relationship between diffggeaying behaviours and the incidence

of crushing events still needs to be systematicsligied.
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2. Scientific hypothesis and objectives

The main aim of this thesis was to investigate dfiect of different management
routines at the time of farrowing (Paper ), prasisof optimal creep area for piglets (Paper II)
and maternal behaviour of the sow before lying d¢Raper Ill) on piglet behaviour and piglet

mortality.
2.1. Paper I: Management routines at the time of f@owing

We studied the effects of six different managenmmeutines at the time of farrowing
on piglets’ latency to first suckle, heat loss, gi#igain and postnatal piglet mortality. We

tested the following hypothesis:

H1l: The combination of the treatments (placing pigkstshe udder + drying and
placing piglets in the creep area + drying) wiltEase piglets’ latency to first sucklafter

the birth,_decrease heat lpgscrease weight gaiand_decrease piglet mortalitpmpared to

the other four treatments (control, drying alonecmg at the udder alone, placing in the

creep area alone).
2.2. Paper IlI: Piglets’ use of the creep area

We investigated the effect of the thermal comford gaoftness of the creep area on
time spent by piglets in the creep area during 8rdays pp and how this time affects early

piglet mortality. The following hypotheses weretées

* H1: Piglets will spend more timi@ the creep area with better thermal comfort and

softnesscompared to control treatment

« H2: With more time which piglets spend in the creepadhere will be lower

proportion of piglet crushing and piglet mortality
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2.3. Paper lll: Sow pre-lying communication with piglets

We focused on the impact of sow-piglet communicatouring the pre-lying
behaviour on piglet location and mortality befoyen¢ down on Day 0 and Day 2 pp. Also
the ontogeny of sow-piglet communication was inigased. We tested the following

hypotheses:

e H1: With more sows’ communicatiowith their piglets there will be fewer piglets

present in the specified danger zqaesa within one piglet length of the sow on the

side on which she is about to lie down).

* H2: With more sows’ communicatiowith their piglets there will be lower proportion

of piglets crushed.

* H3: With higher proportion of pigletpresent in the danger zone there will_be higher

probability of piglet crushing

* H4: There will be_higher sow-piglet communication Day Opp compared to Day 2
PP.
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3. Material and methods

3.1. Animals and housing

The data on management routines at the time ofviemg (Paper 1) were collected
on a commercial Norwegian pig farm with loose-hausews in 2009. The experiments
focusing on attractiveness of different creep arfeaiglets (Paper 1) and sow pre-lying
communication with piglets (Paper Ill) were conduttat the Pig Research Unit at the
Norwegian University of Life Sciences (UMB) withdse housing systems for farrowing
sows in 2009. The experimental subjects were 6pgiPh, 46 (Paper Il) and 18 (Paper lll)
healthy Yorkshire x Norwegian Landrace inseminatgth semen from Duroc x Landrace
boar and their piglets. Sow parities ranged frota T (2.7 + 0.2, Paper | and 2.5 + 1.8, Paper
[lI) and from 1 to 8 (2.7 £ 0.2, Paper IlI). The sowere moved from the group housing
gestation unit to the farrowing unit at the day Xd&t-insemination. They were housed in
individual loose-housed farrowing unit measuring 8¢ (Paper 1) and 8.9 fi{Paper I, 111).
Part of the pen accessible to the sow measureaiPaper 1) and 7.0 f(Paper I, ll). The
farrowing units were insulated and mechanicallytvaed and the air temperature was kept
at 20 °C until farrowing, than reduced to 16 °Cdhg after the farrowing. There was a 2 cm
layer of sawdust on the solid floor in the sow gffeaper I, Il and Ill) and creep area (Paper |
and 1ll) which was changed on daily basis. The graesas were heated by floor heat
providing surface temperature 28 °C (Paper ) anded infrared heat lamp providing 30 °C
(Paper IllI). In Paper Il the creep areas were maaietl according to the treatment
requirements (see below). There was no human assestprovided to a piglet when it was
crushed. However, to follow common practices of omrcial pig farming and to avoid
suffering the ethical decision was taken to humameithanize the piglets which were not
able to survive (body deformations, injuries etél).dead piglets were subjected to a post-

mortem examination to determine cause of death.
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3.2. Experimental design and behavioural observatis

Data for Paper | were collected via direct obseovst behavioural observations for

Paper Il and 11l were analyzed from video-recordi@gdays pp.
3.2.1. Paper I: Management routines at the time ofafrowing

For all piglets in the experiment was register@dnitial registrations: birth weight,
rectal temperature at birth and latency from bidhfirst suckle, ii) 2 hour registrations:
weight at 2 hours after birth and rectal tempemt@r hours after birth, iii) 24 hour

registrations: weight at 24 hours after birth aectal temperature at 24 hours after birth.

In addition to the registrations mentioned aboves ohthe following six treatments
which was allotted randomly was conducted on theleHitter directly after the initial
registrations: control (CON, n = 14) no treatméBREEP, n = 13) piglets placed in the creep
area; (UDDER n = 10), piglets placed at the ud{ieRY, n = 10) piglets dried and placed
back where found; (DRYCREEP n = 9) piglets dried pltaced in creep area and (DRYUDD
n = 11) piglets dried and placed at the udder.rAtte 2 hour and the 24 hour registrations,
the piglet was placed back where it was found atithe. Registrations on each sow included
parity and number of functional teats, and the nemdd functional teats per piglet in each

litter was then calculated.
3.2.2. Paper IlI: Piglets’ use of the creep area

In order to score the location of the piglets, fdweowing pen was divided into two
zones: the creep area and the sow area (the risd p&n) and number of piglets in each zone
were counted. Piglet location in the pen was scoiedg instantaneous sampling every 10
min from 08:00 h to 14:00 h (6 h) and from 20:0®102:00 h (6 h) at Day 0 (0O — 24 h), Day
1 (25— 48 h) and Day 2 (49 — 72 h), adding up total of 216 observations per litter. These
two periods were chosen due to the presumed highitacat 08:00 — 14:00 hours, and

presumed low activity at 20:00 — 02:00 h.

The different creep areas treatments during tlst fimee days pp (0 — 72 h) were
following: Control (CON); concrete floor in the eqe area with < 100 g of sawdust (a similar
amount to that used in commercial herds), beddBig)); an insulated and soft bedding in
the creep area with thick layer of sawdust (7 i) and HUT; an insulated and soft bedding

in the creep area as in BED, in addition to anaextall, to increase the heat conserving

21



capacity in the creep area. During farrowing badche total of 46 sows were randomly
allotted to one of the treatment pens: CON (n 5 BED (n = 15) and HUT (n = 14) six days
before expected farrowing. The infrared temperatuas in CON and BED 3@, in HUT

was around 2C higher.
3.2.3. Paper lll: Sow pre-lying communication withpiglets

Sow pre-lying communication was analyzed duringsfhding-to-lying events per
sow without external disturbance on Day 0 (fromehd of farrowing until 24 h pp) and Day
2 (49 — 72 h pp). We defined sow pre-lying commatian as a sum of the frequency of sow
vocalization, the frequency of sniffing (sow’s snautt the distance of less than 10 cm from
the body of the piglet) and the frequency of nuddiphysical contact of sow’s snout with

piglet) which was counted 2 min before a sow begdretdown.

At the moment the sow began to lift a front footl gaaced her knee on the floor, the
number of piglets present in the danger zone (aid@n one piglet length of the sow on
which she is about to lie down) were counted. Tiop@rtion of piglets which were present in
the danger zone was calculated as the percentagalefs in the litter. The behavioural
analyses were conducted on the Observer softwane @bserver, Version 8, Noldus

Information Technology, Netherlands).
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4. Statistical analysis

Data for Paper | — lll were analysed using the Séf8sare (version 9.2.).

In Paper | the difference between treatments vesipect to latency to suckle, weight
gain and heat loss were analyzed using a genatdlizgar model, Glimmix procedure (with
Poisson distribution) including both fixed and randeffects and with individual piglets as
the statistical unit. Postnatal piglet mortalityittwPoisson distribution) was analyzed using a
generalized linear model (Genmod procedure). Theemattluded the following fixed
effects: treatment (1 — 6), batch (1, 2, 3), sowtyaategory (1, 2, 3), and the interactions
between treatment and batch and between treatmdmniuanber of functional teats per piglet
were included in the model. Sow was included asna@lom effect, and birth weight and teats
per piglet was included as continuous variablegsénmodel.

In Paper Il the litter was used as the statistizait. The differences in piglet
behaviour and location between treatments and days analyzed using a Glimmix model
procedure with Poisson distribution, including fbkowing class variables: treatment (CON,
BED, HUT), batch (1, 2, 3 and 4), days after fairay«0, 1, 2) and sow parity (1 — 8). The
interactions between treatment x batch and tredtmelay were also included in the model.
Sow was included as a random effect, and littex sias included as a continuous variable in
the model. Piglet mortality was analyzed using ar@ed procedure in SAS with Poisson
distribution including the following class variabl@and their interactions: treatment (CON,
BED, HUT), batch (1, 2, 3, 4), days after farrowiidg 1, 2) and sow parity (1 — 8), with litter
size and birth weight included as a continuous aldel. Due to the lack of normal
distribution, relationships between piglet locatiamd piglet mortality were analyzed by a

Spearman Rank correlation analysis.

In Paper Il for all statistical analysis, the imdiual sow was considered as an
independent subject. The predictors of time penadity and litter size were covariates in all
models. The predictor time period was a categoxiadghble with two levels (Day 0 and Day
2); the predictors parity and litter size were udgd in the model as continuous variables.
Negative binomial regression (procedure Genmod) aygdied to test the effects of sow—
piglet communication on the proportion of pigletegent in the danger zone with predictors
sniffing, sow vocalization, and nudging. The logistegression (procedure Genmod) was
applied to test the effect of each component of pewlying communication separately for
Day 0 and Day 2 on the probability of crushing. fany, logistic regression was applied
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(procedure Genmod) to test separately the effdgsoportion of piglets in the danger zone
for each time period on probability of piglet crugh The Poisson regression model was
applied (procedure Genmod) to assess whether dlggiedncy of sow vocalization, sniffing,

nudging and sow pre-lying communication in totdfedied between Day 0 and Day 2.
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5. Results

5.1. Paper I: Management at the time of farrowing

The latency from birth to first suckle (average: 2.9, range: 1 — 496 min) was
shortest in DRYUDD treatment, followed by UDDER; 64= 5.8, P < 0.001). The latency to
first suckle was also shorter when there were faiglets per teatyf; o= 23.2, P < 0.01), in
piglets with higher birth weight ¢fses= 18.2, P < 0.001), a higher weight at 2 hourss¢=
17.4, P < 0.001), and in piglets with higher re¢gthperature at 2 hours after birth b=
8.1, P < 0.01). Increased litter size tended toeimse latency to first sucklei(fs= 6.9, P <
0.1).

Piglets in CREEP had a lower heat loss from birttil @ hours compared to the other
treatments (5 716= 6.5, P < 0.01), but there was no effect of treaithon heat loss from birth
until 24 hours. Heat loss until 2 hours after bisths smaller in heavier pigletg{ o= 59.1, P
< 0.001), and in piglets with shorter latency tolde (*1 39= 11.2, P < 0.01).

Piglets in CREEP had the lowest weight gain fromthbio 2 hours (F72s= 3.2, P <
0.01), while at 24 hours, the piglets in CREEP, WHPDand DRY had a lower weight gain
compared to the other treatments 4= 8.9, P < 0.001).

Postnatal mortality (% of litter size) until weagiwas on average 10.1 + 1.4 %. More
live-born piglets died in UDDER treatment compare@CON and DRYCREEP{; 9= 75.2,
P < 0.001), but there were no other significanfedénces in postnatal mortality between
treatments. When merging all six treatments inteedhclasses, (1) Control, (2) NoDry
(CREEP+UDDER) and (3) Dried (DRY+DRYCREEP+DRYUDDMere were higher
postnatal mortality in NoDry (11.5 = 2.1, 15.1 #8Bcompared to Control (7.9 + 2.1) and
Dried (9.7 £ 2.7, 7.1 + 2.7, 9.3 + 3.5 respectivefy ,0= 32.1, P < 0.001). Postnatal mortality
was lower when there were fewer piglets per teat litter §° 30= 27.6, P < 0.001). Higher
birth weight {*1 3o= 29.1, P < 0.001), a shorter latency from birtfiirst suckle §°1 3= 8.0, P
< 0.01), and a higher rectal temperature at 2 hafties birth §°; so= 12.4, P < 0.001) were all
associated with a lower piglet mortality. An incsed litter size resulted in an overall higher
postnatal mortality;f1 so= 48.4, P < 0.001).
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5.2. Paper Il: Piglets’ use of the creep area

Piglets in the HUT treatment (17.0 £ 5.0) spens lese (% of observations) in the
creep area than piglets in the CON (28.8 + 4.5)BiED (30.4 + 4.7) treatments k= 10.8,
P < 0.001), while there was no difference in tirperg (% of observations) in the creep area
between the CON and BED treatmehhe number of piglets in the creep area increased i
the first two days after farrowing {ks = 6.8; P < 0.01), and this increase was highegtan
BED treatment (ksg= 2.7, P < 0.05).

There were no significant differences in piglet tabty among the three treatments
(CON: 13.4 + 3.9; BED: 12.9 + 3.2; HUT: 15.2 *+ 3.8pr in the percentage of piglets being
crushed by the sow (CON: 5.2 £ 2.6; BED: 9.2 + HOIT: 8.2 £ 3.5).The total time spent
(% of obs.) in the creep area was not significanthated to piglet mortality in any of the

treatments on Day 0, Day 1 or Day 2.
5.3. Paper lll: Sow pre-lying communication with piglets

The proportion of piglets present in the dangerezamcreased significantly with
increased frequency of vocalization (P < 0.05) aniffing (P < 0.05); nudging did not have
any effect. On Day 0, there was a higher proportibpiglets present in the danger zone than
on Day 2 (P < 0.01, 15.5 % piglets on Day 0 vs.%.Biglets on Day 2).

Over the three days post-partum, 14.4 % of piglgédsout of 236 live born piglets)
died, 6.4 % of piglets died as a result of crushiftge probability of piglet crushing was not
significantly affected by any component of the sme-lying communication (vocalization: P
= 0.67,5°1)= 0.18 on Day 0 and P = 0.4571 = 0.57 on Day 2; sniffing: P = 0.1%1) =
2.55 on Day 0 and P = 0.1f(;y= 2.5 on Day 2; nudging: P = 0.2#)= 1.61 on Day 0 and
P= 0-30(2(1): 1.08 on Day 2) nor by proportion of piglets ir tthanger zone (P = 0.2;(?,(1)
= 1.2). On Day 0 compared to Day 2 there was adnighmber of pre-lying communication
in total (Z = 3.41, P < 0.0001), a higher frequentgow vocalization (Z = 4.17, P < 0.0001)
and nudging tended to increase (Z = 1.88, P < @&aiffing was not effected by the time
period (Z = - 0.14).
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6. Discussion

The results from Paper | illustrate how complex igsie of piglet mortality is as
specific management treatments can help to redigiet pnortality but there are several
piglet-related factors which also effect stronglglgt mortality. The experiments conducted
in Paper Il and Il allowed us to better understantistantial piglet need of sow’s proximity
within first few days after the farrowing whichiisa contrast to common beliefs and farming

practices on commercial pig farms.
6.1. Paper I: Management at the time of farrowing

We were not able to confirm that treatments drypnglets and placing them at the
udder or creep area would clearly increase latéméyst suckle and weight gain and decrease
heat loss and piglet mortality compared to the oéshe treatments. Nevertheless, the three
treatments that included drying the piglets all padtnatal mortality below 10%, supporting
previous findings that reduced heat loss aftehbstone of the key factors for early piglet
survival (Baxter et al., 2008; Pedersen et al.,120However, contrary to earlier findings
(McGinnis et al., 1981; Christison et al., 1997;d&rsen et al., 2009), there were no clear
differences in postnatal mortality between the aariteatment and the three dried treatments.
The control treatment in the present study was leaholl order to compare the weight gain
and temperature development, and this stimulatias perhaps enough to increase piglet

viability and reduce potential differences betwaeatments.

The highest postnatal mortality was found in Igtéhat were placed at the udder
without being dried first. Although the control fBts were not dried either, the litter size in
the control treatment was on average 1.5 piglests peer litter compared to the later. Placing
piglets in the creep area without drying them fitsid clear negative effects on latency to
suckle and weight gain, both of which is importemtpiglet survival. However, the mortality
was still lowest in the DRY and DRYCREEP treatmetisnpared to the other treatments,
but not the control treatment. This is contrastAtalersen et al. (2009) who documented
much lower mortality when piglets were either pthcirectly in the creep area immediately
after birth or both dried and placed under the feap compared to control litters. The less
clear effects of the treatments in the presentystoay be explained by the suboptimal design
of the creep area and the exceptionally high Igiees in some of the treatments. The sows

were observed resting towards the entrance of tbepcarea and thus blocking the piglets
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from getting to the udder. If we look at all resulbgether and the results from other studies
(Andersen et al., 2007, 2009), we may still coneltitht routines to reduce heat loss such as
drying and helping the piglets to the udder or iplgdhem under the heat lamp would be
beneficial for survival provided that the pigletavie free access to the creep area. In the
DRYUDD treatment the mean litter size was almostlLh,nonetheless mortality was below

10%, which is remarkably low.
6.2. Paper IlI: Piglets’ use of the creep area

We did not confirm any of our two hypotheses asrowmg the thermal comfort and
softness in the creep area neither increased theolushe creep area, nor was there any
relationship between use of the creep area andtmglshing or mortality. The creep area has
long been considered an important part of the ¥errg environment, providing the piglets
with a suitable microclimate and physical protectivom the sow, however, it appears
difficult to attract newborn piglets away from teew. The hut was actually least used of the
three creep areas, opposite to what was prediesédoon previous findings; that piglets are
attracted to warm and soft areas when the sovateai(e.g. Zhou and Xin, 1999; Schormann
and Hoy, 2006; Burri et al., 2009) and in pigleéfprence tests (e.g. Hrupka et al., 2000;
Vasdal et al., 2010). In total, the piglets in firesent study spent less than a third of their
time in the creep area, thus none of the threepcaeea treatments were able to attract the
piglets away from the sow to a greater extent tiegnorted in other studies of loose-housed
sows (e.g. Berg et al., 2006; Vasdal et al., 2008ijs can be explained by the fact that piglets
are strongly motivated to lie close to the sow kttel mates early after birth regardless of the
presence of a heated creep area (Hrupka et al., 29@kersen et al., 2007). Lying close to
the sow after birth is a highly adaptive behaviasrstaying close to the udder increases the
piglets’ chance of survival, and it can therefoeedonsidered as a battle against biology to

aim at attracting newborn piglets away from the sow

In accordance with previous findings (e.g. Bergakt 2006), there were large
differences between litters in use of the creem.akHowever, there was no relationship
between time spent in the creep area and pigletafitgr If increased use of the creep area
was positive for piglet survival, differences in raity should be expected between litters
with high and low use of creep area. Vasdal e{24109) found that piglets in crates spent
significantly more time in the creep area than giglin pens, however, there were no

differences in mortality between these environméRisdersen et al., 2011). These results
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suggest that the creep area is less important ifetpsurvival than previously thought.
Contrary to previous studies (e.g. Weary et al.,6)9¢here was no relationship between
times spent resting near the sow and piglet moyrtali the present study. Thus it might be
other factors, such as the physical state of tgkefplike birth weight and body temperature
(e.g. Pedersen et al., 2011) that explains eaglgpmortality.

6.3. Paper lll: Sow pre-lying communication

Contrary to our predictions, more communicationtiawed by the sow (i.e.
vocalization, sniffing) was associated with a higheoportion of piglets in the danger zone
before lying down and, there was no effect of saglkep communication on the incidence of
piglets being crushed, nor the proportion of pglet danger zone effected piglet crushing.
We confirmed that there was a higher pre-lying camization on the day of the farrowing

(Day 0) compared to Day 2 pp.

It has been suggested that sow pre-lying behavitay help to reduce the risk of
crushing by ensuring that piglets are awake and @banticipate the forthcoming lying down
event (Damm et al., 2005), and move out of the dangee (Blackshaw and Hagelso, 1990;
Marchant et al., 2001). However, most of the cétdlies focused on the pre-lying behaviour
and the probability of crushing but did not stullg telationship between pre-lying behaviour
and piglet location. Our results indicate that msogv pre-lying communication attracted a
higher proportion of the piglets close to the somthe place with a higher risk of crushing
(Blackshaw and Hagelso, 1990; Marchant et al., p0Bthying near the sow seems to be an
adaptive behaviour of the piglets because the sowiges warmth, milk and protection (in
outdoor environments) and they are also sortingtbeir teat order and teat fidelity (De
Passillé et al., 1988). Therefore, the area in wiwge proximity to the sow (i.e. the danger
zone) might be perceived by neonatal piglets agptienal place in the pen. The result is not
a new observation as mentioned above; in semi-@latonditions piglets spend the first few
days after birth in the nest in close contact vhtd sow (Jensen, 1986; Stangel and Jensen,
1991). This knowledge relating to the natural bétavof newborn piglets, known for almost

20 years, has not been implemented as designigrfiterfarrowing pens.

Similar to other studies which looked at the efiefodlifferent components of the pre-
lying behaviour and piglet mortality (Spinka et, &000; Pokorna et al., 2008), we did not
detect any association between the pre-lying conicatian and piglet crushing. In contrast,
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standing-to-lying events ending by piglet crushimgre more frequent when sows performed
none or very little pre-lying behaviour (Marchanta¢, 2001), and performed less rooting on
Day 3 (Valros et al., 2003). These contradictoryules might be due to slightly different

approaches and methods used.

How dangerous is piglet presence in the dangerzépearently, there is a trade-off
between the costs and benefits which the closesfedse mother represents for piglets. Our
results showed that there was no effect of the ptmpoof piglets in the danger zone on
piglet crushing. When a piglet gets trapped ittstacreaming immediately. Weary et al.
(1996) showed that piglets which are trapped unldersow for less than 1 min generally
survive. Thus, staying close to the mother withie first few days post partum might
increase the risk of maternal crushing (Weary etl@96; Marchant et al., 2001) but crushing
may not be fatal (in our study on Day 0, the nundfeevents when fatal crushing occurred
during lying was more than 4.5 times lower thanrtbmber of events when at least one piglet
was present in the danger zone) and the benefiistrbe greater than the risks.

The frequency of pre-lying communication (sow pried communication in total,
vocalization and nudging) was higher on Day O camgdo Day 2 when the piglets are most
vulnerable and the risk of crushing is greatestdiy/et al., 1996; Marchant et al., 2001). The
same ontogeny effect was found by Marchant et 2001) and Blackshaw and Hagelso
(1990) for different components of pre-lying belmani However, sniffing and sow
vocalization do not exclusively occur before lyidgwn but they have been observed during
and after birth of piglets and before and aftersmg (Whatson and Bertram, 1982 — 1983;
Jensen, 1988; Jarvis et al., 1999; llimann eR8D]1; Pedersen et al., 2003). Another function
of sow pre-lying communication might be solely tapport development of the olfactory
(Maletinska et al., 2002) as well as acousticalhmetyoung bond which plays important role
in piglet survival. Given the low frequency of nig behaviour displayed by the sow in this

study, it is questionable whether it plays an intgatrrole in sow—piglet communication.
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6.4. Paper IV: The effect of housing on piglet mo#lity

Weber et al. (2007) and Kilbride et al. (2012)heit studies based on a large sample
size concluded that in loose-housing there is iddegher probability of piglet crushing,
however piglet mortality caused by other reasomas thy crushing (starvation, sickness etc.)
Is, on the contrary, higher in crated systems. @&@anation for it is that there are a number
of important factors that determine piglet mortaliPiglets with low birth weight are more
prone to piglet crushing (e.g. Pedersen et al.120eliSova et al., 2011) and post-mortem
analyzes show that the majority of crushed pigdtes not have milk in the stomach
(Andersen et al., 2011), which is probably duehtrtfailure in fights for the teats with their
siblings. These hungry piglets are probably in é&bsusing systems crushed shortly after the
farrowing, whereas in crated system die a bit lalige to starvation (Weber et al., 2007).
There is also large evidence in literature thaltgpigondition is strongly affected by litter size
and with increased litter size piglet mortality i@eases (Pedersen et al., 2006, Weber et al.,
2009, Vasdal et al., 2011; Kilbride et al., 20IPhese finding should be taken into account

when breeding new traits of farrowing sows.
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7. Conclusions and Recommendation for Scientific @ahTechnical Development

In conclusion, regardless of management treatniéert lairth, several piglet-related
factors were found to be highly important for posthanortality, such as the number of
functional teats per piglet, birth weight, the tatg from birth to first suckle, and rectal
temperature at 2 hours after birth (Paper ). Dyyime piglets after birth and placing them at
the udder resulted in reduced latency to suckleumexperiment. Despite having the largest
mean litter size of the treatments, less than 10%hepiglets in DRYUDD died, which is a
very low number. Piglet mortality increased witltri@ased litter size. These findings should
be taken in account on commercial pig farms - #reofving should be attended by the barn
staff that could dry the piglets after birth, inspand count number of functional teats and
help the piglets to get the first milk intake asrs@s possible after birth in order to decrease
piglet mortality. Cross-fostering (when farrowingse synchronized) should be conducted
when litter size exceeds number of functional te&srthermore, by reducing selection
pressure in breeding sows in order to achieve tghelst possible litter size could help to

reduce piglet mortality (Paper | and Paper V).

In contrast, offering a heated creep area with Beftding does not seem a proper
measure in order to decrease piglet mortality aditywof the creep area appears to have little
impact on piglet survival. Comfortable bedding diok increase time spent by piglets away
from the sow which illustrates strong piglets’ ndedlie in close nearness to their mother
during first days pp (Paper II). Similarly, contrato our predictions, sow pre-lying
communication did not serve for moving piglets otipredefined danger zone but attracted
them towards sow’s proximity. The important findifigm this experiment is that piglet
attraction towards the sow was without increase¢hefincidence of piglet crushing (Paper
[ll). These findings have been implemented into dexelopment of new loose-farrowing
pens called UMB pens at the Norwegian UniversityLdé Sciences. These pens do not
contain any separated creep area (piglets areelb@bund the sow in her lying area in the
pen; heating for piglets is provided by floor hegtplaced in one corner of sow’s lying area)

which are currently tested on a larger scale farreitommercial use in Norway.

There is increased evidence from literature sugggstompetitiveness of loose

farrowing systems with crated systems in terms giiepimortality (Paper 1V).
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The aim of this experiment was to study the effects of six different management routines at the
time of farrowing on latency to first suckle, heat loss, weight gain and postnatal mortality. A
total of 872 piglets from 67 loose housed sows in a commercial pig unit were subjected to one
of six different management routines: control (CON n=14), no treatment; (CREEP n=13),
placed in creep area; (UDDER n=10), placed at the udder; (DRY n=10), dried and placed back
where found; (DRYCREEP n=9), dried and placed in creep area; and (DRYUDD n=11), dried
and placed at the udder. The latency from birth to first suckle, rectal temperature at birth,
2 hours and 24 hours were measured for each piglet, in addition to weight at birth, 2 hours and
24 hours. Latency from birth to first suckle was shortest for piglets in the DRYUDD treatment,
followed by the UDDER treatment (P<0.001). More live born piglets died in the UDDER
treatment compared to the other treatments (P<0.001), but there were no other differences
between the treatments with regards to postnatal mortality. There was a significant interaction
between treatment and batch, with a significantly lower postnatal mortality in the DRYUDD
treatment than CON in batch 2, but not in batch 1 and 3 (P<0.001). Large litter sizes resulted in
a higher postnatal mortality in all treatments (P<0.001), and tended to reduce latency to suckle
(P<0.1). In conclusion, drying the piglets after birth and placing them at the udder resulted in
reduced postnatal mortality in batch 2, but not in the other two batches. Despite having the
largest mean litter size of the treatments, less than 10% of the piglets in DRYUDD died, which is
remarkably low for loose housed sows. Regardless of treatment, several piglet-related factors
were found to be highly important for postnatal mortality, such as the number of functional
teats per piglet (P<0.001), birth weight (P<0.001), the latency from birth to first suckle
(P<0.01), and rectal temperature at 2 hours after birth (P<0.001).

© 2010 Elsevier B.V. All rights reserved.
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1. Introduction

Prenatal factors, maternal behaviour, physical environ-
ment and the management around farrowing all play an
important role in piglet survival (e.g. Andersen et al., 2005;
Baxter et al., 2008; Andersen et al., 2009). Temperatures in
the farrowing unit are normally kept below the piglets' lower
critical temperature (34 °C), which can induce cold stress and
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1871-1413/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/.livsci.2010.09.012

render the piglets less viable (e.g. English, 1993). Heat loss is
especially critical for piglets directly after birth, as they are
wet with birth fluids, they have no insulating layer of fat or
fur, and have a poorly developed thermoregulatory capacity
(Herpin et al., 2002). Newborn piglets can lose more than 2 °C
in body temperature from birth until they find a teat or enter
the heated creep area, and this heat loss may be fatal for weak
and small piglets, as they are in greater risk of starvation or
being crushed by the sow (Baxter et al., 2008; Pedersen et al.,
2008). Colostrum intake is vital in order to improve
thermoregulation and survival in newborn piglets, as body
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temperature and heat production are positively related to
colostrum intake (e.g. Gentz et al., 1970), and piglets without
colostrum intake are unable to reach thermostability (Noblet
and Le Dividich, 1981). In addition, hungry piglets often stay
close to the sows' udder, which may further increase the risk
of crushing (Weary et al.,, 1996). Previous studies found that
piglets who survive to weaning are generally heavier, born
earlier in the litter and spend less time from birth to first
suckling (Hartsock and Graves, 1976; Tuchscherer et al.,
2000; Baxter et al.,, 2008). Knowing that it can take up to
3 hours for a piglet to reach a teat after birth (e.g. Thingnes
et al., 2008), it is important to reduce the heat loss after birth,
and subsequently, perhaps reduce the time from birth to
colostrum intake.

In order to reduce piglet heat loss, the farrowing pen is
often equipped with a suitable microclimate (34-36 °C) for
the piglets. However, it is well known that piglets prefer to
remain near the sow and littermates for the first few days
after birth (e.g. Andersen et al., 2007; Vasdal et al., 2009), and
attempts to increase the use of the creep area by providing
attractive stimuli have not been successful (Vasdal et al.,
2010). Previous studies found several management routines
that reduced piglet mortality, including supervising the
farrowings and provision of oxygen, giving milk and fluids
orally or tying the umbilical cord (e.g. Holyoake et al., 1995;
White et al., 1996; Alonso-Spilsbury et al., 2007). An efficient
and simple way of reducing the heat loss after birth is to dry
the piglets and place them underneath the heat lamp, which
alone can reduce piglet mortality by 6-8% (McGinnis et al.,
1981; Christison et al., 1997; Andersen et al., 2009). However,
Christison et al. (1997) did not find a relationship between
drying piglets, placing them in the creep area, and time to first
suckle. Comparatively, helping piglets to get colostrum after
birth by placing them near the udder has improved piglet
survival in commercial loose-housed sow herds (Andersen
et al.,, 2007). For the pig farmer, it is important to know which
of these routines are the most efficient with regards to
reducing postnatal mortality, and thus being able to wean
more piglets. To develop some rules of thumb on manage-
ment around the time of farrowing would benefit pig welfare
and survival, thus improve the farmer's economic return, as
long as the routines are simple and not too time-consuming.

The aim of the present experiment was to study the effects
of six different management routines at the time of farrowing
on latency to first suckle, heat loss, weight gain and postnatal
piglet mortality.

2. Materials and methods
2.1. Experimental design

A total of 872 piglets of sows kept in individual farrowing
pens were subjected to one of six different management
routines, directly after the birth of each piglet. During three
farrowing batches, a total of 67 healthy sows were, prior to
farrowing, randomly allotted to one of the following treat-
ments: vontrol (CON n=14), no treatment; (CREEP n=13),
placed in creep area; (UDDER n=10), placed at the udder;
(DRY n=10); dried and placed back where found (DRYCREEP
n=29); dried and placed in creep area and (DRYUDD n=11);
dried and placed at the udder. All piglets in the experiment

were thus handled by experimental staff in order to obtain
the data at birth, 2 hours and 24 hours. All piglets in a litter
were subjected to the same treatment, and all treatments
were represented in each batch.

2.2. Animals and housing

This experiment was conducted on a commercial Norwegian
farm with loose housed sows. The sows were Yorkshire x Nor-
wegian Landrace inseminated with Norwegian Landrace x
Duroc boar semen. Sow parities ranged from one to seven
(average, 2.7 £0.2). The parities were categorized as 1 = parity
1-2 (n=32), 2=parity 3-4 (n=22), 3 =parity 4-7 (n=13).
The sows were moved from the group housing gestation unit to
the farrowing unit at day 110 post-insemination. The farrowing
unit where the farrowing pens were located was insulated and
mechanically ventilated and the air temperature was kept at
20 °C until farrowing, and then reduced to 16 °C the day after
farrowing.

The sows were housed in standard Tunby® individual
farrowing pens, measuring 6.2 m? in total. The sow area
measured 5.0 m? with 2.7 m? slatted plastic floor (Fig. 1).
There was a 2-cm layer of sawdust on the solid floor in the
sow area and in the creep area at the time of farrowing. The
creep area (1.2 m?) was separated from the sow by a diagonal
wall with a gap at the bottom for piglets to enter. The creep
area was heated by floor heat, providing a surface temper-
ature around 28 °C. There were no heat lamps in the creep
areas. The sows were automatically fed a standard lactation
concentrate (5% CF, 20% CP) at 08:00 hours, 14:00 hours and
1800 hours. From day 113 until farrowing the sows got 1 kg
of straw in the morning for nest building. Then pens were
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Fig. 1. The farrowing pen. All measures in millimeters. A chain in front of the
feeder is part of the pen layout, in order to avoid the sow farrowing in this area.
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cleaned out and new sawdust was provided both in the sow
area and the creep area twice a day. Wet straw and litter was
removed shortly after farrowing and replaced with dry and
fresh litter.

Irrespective of treatment, all piglets were tooth ground
before 24 hours of age, and male piglets were castrated
around day five. To avoid interference with the treatments, no
assistance other than the experimental treatments was given
to piglets after birth. Piglets in the largest litters were cross-
fostered to the smaller litters between 12 and 24 hours after
birth, and a total of 58 piglets were cross-fostered during the
experiment. Data from the cross-fostered piglets are not
included in the results. Piglets were only cross-fostered
within treatments. Litter size in this study is thus defined as:
no. of liveborn piglets + piglets fostered on - piglets fostered
off.

All dead piglets were subjected to a post mortem to
determine cause of death, and piglets not able to survive
because of injuries or starvation were euthanized by the staff.
The dead piglets were categorized as stillborn (lungs sink in
water), dead before milk intake (no milk in stomach), dead
after milk intake (milk in stomach), crushed before milk
intake (physical signs of crushing, no milk in stomach) and
crushed after milk intake (physical sign of crushing, milk in
stomach). Physical signs of crushing included bruising to the
body, cranial bone fractures, haemorrhage or crushed internal
organs.

2.3. Experimental procedure

The following parameters were registered for all the
piglets in the experiment;

» Initial registrations: Time of birth, birth weight and rectal
temperature at birth. All piglets were marked with their
birth number.

* Latency from birth to first suckle (three consecutive sucks
on a teat).

* 2 hour registrations: weight at 2 hours after birth and rectal
temperature 2 hours after birth.

» 24 hour registrations: weight at 24 hours after birth and
rectal temperature at 24 hours after birth.

In addition to the registrations mentioned above, one of
the following treatments was conducted on the piglet directly
after the initial registrations:

» CON: Piglet placed back at birth location

» CREEP: Piglet placed in the creep area

» UDDER: Piglet placed at an available spot at the udder

* DRY: Piglet was dried with straw and paper towel for 15

seconds and placed back where it was found

DRYCREEP: Piglet was dried with straw and paper towel for

15 seconds and placed in the creep area

» DRYUDD: Piglet was dried with straw and paper towel for
15 seconds and placed at an available spot at the udder

After the 2 hour and the 24 hour registrations, the piglet
was placed back where it was found at the time. Registrations
on each sow included parity and number of functional teats,
and the number of functional teats per piglet in each litter
was then calculated.

2.4. Statistical methods

The difference between treatments with respect to latency
to suckle, weight gain and heat loss were analyzed using a
generalized linear model, GLIMMIX procedure (with Poisson
distribution) in SAS including both fixed and random effects,
and with individual piglets as the statistical unit. The model
included the following fixed effects: treatment (1-6), batch
(1, 2, 3), sow parity category (1, 2, 3), and the interactions
between treatment and batch and between treatment and
number of functional teats per piglet were included in the
model. Sow was included as a random effect, and birth
weight, birth order and teats per piglet was included as
continuous variables in the model. Postnatal piglet mortality
(with Poisson distribution) and causes of mortality (with
Gamma distribution) were analyzed using a generalized
linear model, GENMOD procedure in SAS only including
fixed effects, and with mean value per litter as statistical unit.
This model included the following fixed effects variables:
treatment (1-6), batch (1, 2, 3) and sow parity category (1, 2,
3). The interactions between treatment and batch and
between treatment and teats per piglet were also included
in the model. Birth weight, latency to suckle, rectal temper-
ature at 2 hours and number of functional teats per piglet
were included as continuous variables. Differences in litter
size, birth weight and farrowing duration between treat-
ments were analyzed using a GLM procedure in SAS with
mean value per litter as statistical unit. This model included
the following class variables: treatment (1-6), batch (1, 2, 3)
and sow parity (1-7). LSmeans were used to analyse
differences between means. Only significant results are
presented in the Results section.

3. Results

Litters in DRYUDD treatment had, on average, a larger
litter size compared to litters in DRYCREEP and CON
treatments (Fs,3=21.2, P<0.05; Table 1). The average
number of functional teats per sow was 15.04+0.1 (range
13-17). Batch 1 had a higher litter size compared to batch 3
(batch 1, 14.7 +£0.5; batch 2, 14.34+0.4; batch 3, 13.04+0.3,
F2‘23 =3.9, P< 005)

3.1. Postnatal piglet mortality

Postnatal mortality (% of litter size) until weaning in this
experiment was on average 10.1 4 1.4%, while the percentage of
stillborn piglets was on average 5.9 + 1.0 (% of total born). More
liveborn piglets died in UDDER treatment compared to CON and
DRYCREEP ( y%539=75.2, P<0.001), but there were no other
significant differences in postnatal mortality between treat-
ments (Table 1). There was a significant interaction between
treatment and batch, with a significantly lower postnatal
mortality in the DRYUDD treatment than CON in batch 2, but
not in batch 1 and 3 (mortality (% of litter size) in batch 2: CON:
11.8+3.7%, DRYUDD: 2.0 £ 2.0%; x%,30=18.3, P<0.001).

The majority of the dead piglets died before they received
milk (65.2+13.9%) and litters in DRY and CREEP had the
lowest percentage of piglets in this category (y%s39=11.5,
P<0.05). Significantly fewer piglets were crushed before
receiving milk in CON compared to CREEP, UDDER and
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Table 1
Causes of postnatal mortality in the different treatments (mean =+ S.E.).
Treatment Treatment Batch Interaction
B*T
CON CREEP UDDER DRY DRYCREEP  DRYUDD X539 P X239 P P value
value value
Postnatal mortality* 79+21°  115+21° 151+3.8° 97427  71+27° 93435 752 <0001 92 <0.05 <0.001
Sow parity 27410 24408 24409 31411 2.64+09 3.04+£0.7 841 ns 1.1f ns ns
Litter size (number) 13.3 405" 145+05" 148406 138408 126+0.7° 149+06% 212f <005 45f <005 ns
Stillborn (% of total born) 4.04+2.1 51+1.2 6.0+2.0 52417 6.5+2.1 62+19 52 ns 06 ns ns
Farrowing duration (min) 248+13.3% 285.7+£8.7° 273.1+£9.5" 272545 280+1.8" 3862+20.8° 583f <0.001 1.1f ns ns
Dead no milk* 39419  16408° 544+1.7° 14413 23412  604+£21° 127 <005 01 ns ns
Dead milk* 20408 20+£1.17 38+1.9° 28410 33+22° 0+0° 71 <005 15 ns ns
Crushed no milk* 0.5+03% 49+1.8° 32+1.9° 1.34£06® 15+1.1°  27+12° 189 <001 54 ns ns
Crushed milk * 15408 3.0+£13 28+14 42414  00£00 0.6+0.6 01 ns 178  <0.05 ns

Different superscript denotes significant differences between treatments. * % of litter size TF values from GLM.

DRYUDD (y%s30=18.9, P<0.01; Table 1). Batch 1 had a
higher postnatal mortality than batch 2 and 3 (%539 =35.1,
P<0.001). When merging all six treatments from the three
batches into three classes, (1) Control, (2) NoDry (CREEP +
UDDER) and (3) Dried (DRY + DRYCREEP + DRYUDD), there
were higher postnatal mortality in NoDry compared to
Control and Dried ( 2520 =32.1, P<0.001).

Postnatal mortality was lower when there were fewer
piglets per teat in a litter (y?;39=27.6, P<0.001; Fig. 2).
Higher birth weight (y?;39=29.1, P<0.001), a shorter
latency from birth to first suckle (x?;39=28.0, P<0.01;
Fig. 3), and a higher rectal temperature at 2 hours after
birth (%130 =12.4, P<0.001; Fig. 4) were all associated with
alower piglet mortality. An increased litter size resulted in an
overall higher postnatal mortality (¥ 30=48.4, P<0.001),
both before receiving milk (% 39 =18.2, P<0.001) and after
receiving milk ( ¥?;30=8.2, P<0.01).

3.2. Teat success

Latency from birth to first suckle (average: 62+1.9,
range: 1-496 min) was shortest in DRYUDD, followed by
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Fig. 2. Effect of teats per piglet on latency to suckle (min) and postnatal
mortality (% of litter size).

UDDER (Fs 94 =15.8, P<0.001; Table 2). Latency to first suckle
was also shorter when there were fewer piglets per teat
(x*139=23.2, P<0.01; Fig. 2), in piglets with higher birth
weight (F; 694=18.2, P<0.001), a higher weight at 2 hours
(F1604a=17.4, P<0.001), and in piglets with higher rectal
temperature at 2 hours after birth (F;g94=8.1, P<0.01;
Fig. 4). Increased litter size tended to increase latency to
first suckle (F; go4 = 6.9, P<0.1). Piglets had a shorter latency
to suckle in batch 2 compared to batch 1 and 3 (F,.694 =9.8,
P<0.001).

3.3. Rectal temperature

Piglets in CREEP had a lower heat loss from birth until
2 hours compared to the other treatments (Fs;;6=6.5,
P<0.01), but there was no effect of treatment on heat loss
from birth until 24 hours (Table 2). Heat loss until 2 hours
after birth was smaller in piglets born early in the litter
(Fs716=11.2, P<0.001), in heavier piglets (y?%;39=>59.1,
P<0.001), and in piglets with shorter latency to suckle
( )(21'39:11.2, P<0.01). Increased litter size decreased heat
loss from birth until 2 hours (F; 7;6=14.3, P<0.001), espe-
cially in CREEP (Fs716=5.7, P<0.001). Piglets of first and
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Fig. 3. Effect of latency to suckle on postnatal mortality (% of litter
size).
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second parity sows had the highest drop in rectal tempera-
ture from birth to 2 hours (F, 716 =7.8, P<0.01).

3.4. Weight gain

Piglets in CREEP had the lowest weight gain from birth to
2 hours (Fs.728 = 3.2, P<0.01), while at 24 hours, the piglets in
CREEP, UDDER and DRY had a lower weight gain compared to
the other treatments (Fs,3 =8.9, P<0.001, Table 2). Weight
gain until 24 hours was higher in piglets born early in the
litter (F; 7,8 =15.2, P<0.001).

4. Discussion

The three treatments that included drying the piglets all had
postnatal mortality below 10%, supporting previous findings
that reduced heat loss after birth is one of the key factors for
early piglet survival (Baxter et al., 2008; Pedersen et al., 2008).
However, contrary to earlier findings (McGinnis et al,, 1981;
Christison et al., 1997; Andersen et al,, 2009), there were no
clear differences in postnatal mortality between the control
treatment and the three dried treatments. The control treat-
ment in the present study was handled in order to compare the
weight gain and temperature development, and this stimulation

was perhaps enough to increase piglet viability and reduce
potential differences between treatments. It could be argued
that the control treatment resulted in less disturbance of the
sow and that this could explain the good results. However,
overall sows in Norwegian herds are quite used to being
handled and interact with the stock person during the lactation
period (e.g. Andersen et al., 2007), and there was no situations
with aggression towards the experimenter when conducting
the treatments in the present study.

The highest postnatal mortality was found in litters that
were placed at the udder without being dried first. Although the
control piglets were not dried either, the litter size in the control
treatment was on average 1.5 piglets less per litter compared to
the latter. Placing piglets in the creep area, in particular without
drying them first, had clear negative effects on latency to suckle
and weight gain, both of which is important for piglet survival.
However, the mortality was still lowest in the DRY and
DRYCREEP treatments compared to the other treatments, but
not the control treatment. This is contrast to Andersen et al.
(2009) who documented much lower mortality when piglets
were either placed directly in the creep area immediately after
birth or both dried and placed under the heat lamp compared to
control litters. The less clear effects of the treatments in the
present study may be explained by the suboptimal design of the
creep area and the exceptionally high litter sizes in some of the
treatments. The sows were commonly observed resting
towards the entrance of the creep area and thus blocking the
piglets from getting to the udder. In fact, time to first suckle for
piglets that were just placed in the creep area without drying
them first, was twice as long compared to litters that were
placed at the udder. If we look at all results together and the
results from other studies (Andersen et al., 2007, 2009), we may
still conclude that routines to reduce heat loss such as drying
and helping the piglets to the udder or placing them under the
heat lamp would be beneficial for survival provided that the
piglets have free access to the creep area. In the DRYUDD
treatment the mean litter size was almost 15, but nonetheless
mortality was below 10%, which is remarkably well for loose-
housed sows.

Large litter sizes had a negative effect on most of the
parameters measured in this experiment; increased mortality
both before and after milk intake, increased latency to suckle
and reduced weight gain. Any positive effects of being placed
at the udder may thus have been camouflaged by the negative
effects of increased litter competition at the udder. On the

Table 2
Teat success, weight gain and temperature development in the six treatments.
CON CREEP UDDER DRY DRYCREEP DRYUDD Fs72s P value

Latency to suckle (min) 59.3+3.9% 96.3+4.5° 41.64+4.8° 574+34° 77.7+59¢ 43243.2° 58 <0.001
Weight at birth (kg) 1.5+0.1 1.54+0.0 14+02 14+0.1 1.54+0.1 14401 7.8 ns
Weight at 2H (kg) 1.59+0.1° 1.50+0.1° 1.51+0.1° 1.44+0.1° 1.67+0.1° 1.48+0.2° 6.4 <0.01
Weight gain birth - 2H (g) 4294122  —294+94° 19.8+9.1° 21.2+11.0° 247 +11.37 16.8+£10.2° 3.2 <0.01
Weight at 24H (kg) 1.71+0.1° 1.5940.1° 1.56+0.1° 1.54+0.1° 1.78£0.2%¢ 1.604+0.2° 7.7 <0.01
Weight gain birth - 24H (g)  163.8+18.1% 613+11.2° 64.2+10.1° 84.1+15.0° 1281+16.0° 118.7+184> 89 <0.01
Temperature at birth (°C) 37.8+0.2° 37.9+0.8° 38.0+0.1° 37.1405° 37.8+£02° 38.0+0.2° 8.2 <0.001
Temperature at 2H (°C) 36.84+0.1° 37.1+0.1° 37.140.1° 36.6+£0.2° 37.14+0.1° 37.440.1° 8.2 <0.01
Diff temp birth — 2H (°C) —1.0+0.1° —0.6+0.0° —0.8+0.1% —1.0+0.1° —0.7+£0.1% —0.8+£0.0" 6.5 <0.01
Temperature at 24H (°C) 37.7+0.1 37.7+0.1 379+0.1 375+0.1 37.8+0.2 37.7+0.1 1.2 ns
Diff temp birth — 4H (°C) 0.0440.1 —0.024+0.0 —02+0.1 —0.1£0.1 0.1+£0.0 —03+0.1 1.7 ns

Different superscripts denote significant differences between treatments.
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other hand, heat loss was actually reduced in large litters, in
particular when the piglets were placed in the creep area,
which highlights the positive effects of social thermoregula-
tion and external heat sources. It is interesting that piglets
born from gilts and second parity sows had the highest heat
loss at 2 hours as there were no significant differences in litter
size or latency to suckle between the parities. This might be
due to a smaller udder size to gain heat from and the lower
milk production in younger sows compared to older sows
(e.g. Eissen et al., 2000). Difference in litter size may also
partly explain the varying postnatal mortality between the
batches. However, the reduced mortality when piglets were
dried and placed at the udder in batch 2, but not in batch 1
and 3, when litter size in this treatment was similar,
illustrates just how complex this picture is. Despite the
large litter sizes, there was an overall low piglet mortality of
liveborn piglets in this study compared to the Norwegian
average of 14.7% (Norsvin, 2008). The management on the
present farm included a well functioning protocol around
farrowing regarding cross-fostering, tooth grinding and
provision of nest building material. In the commercial farm
used in the study by Andersen et al. (2009), postnatal
mortality was almost 20% prior to the study, and there was
generally little systematic management around farrowing,
with little or no nest building material provided. Provision of
nest building material is documented to reduce piglet
mortality and stimulate maternal behaviour (Cronin and
van Amerongen, 1991; Herskin et al.,, 1998). These results
indicate that it may be more difficult to further reduce
postnatal mortality in a farm where the mortality is already at
such a relatively low level.

Regardless of treatment, several piglet-related factors
were highly important for survival, such as the number of
functional teats per piglet, birth weight, the latency from
birth to first suckle, and rectal temperature at 2 hours after
birth. In addition to the direct negative effect on the piglet,
these factors also likely interact with each other; fewer teats
per piglet will increase latency to first suckle, which reduce
weight gain and rectal temperature at 2 hours, which again
reduce survival rate, especially in the lighter piglets in the
litter. The negative consequence of reduced colostrum intake
is also illustrated by the fact that the majority of the dead
piglets died before receiving milk. Interestingly, there was no
effect of piglet weight on percent of piglets crushed after
receiving milk. Large litter size also reduce maternal
investment and responsiveness to piglet scream (e.g. Wechs-
ler and Hegglin, 1997; Andersen et al., 2005; Torsethaugen,
2008), which might partly explain the increase in crushings in
larger litters. Knowing that increased litter sizes increases
birth weight variability (e.g. Herpin et al., 1993; Canario et al.,
2007), and that lighter piglets have a higher risk of dying (e.g.
Tuchscherer et al., 2000), makes it even more important to
focus on the negative effects of selecting for increased litter
size. Considering that large litter sizes have a negative impact
both on piglet related factors and on the maternal motivation
in sows, the effect of these management routines will likely
be reduced in large litters.

In conclusion, drying the piglets after birth and placing
them at the udder resulted in reduced latency to suckle in all
three batches, and a reduced postnatal mortality in batch 2,
but not in the other two batches. Despite having the largest

mean litter size of the treatments, less than 10% of the piglets
in DRYUDD died, which is very low for loose housed sows.
Regardless of treatment, several piglet-related factors were
found to be highly important for postnatal mortality, such as
the number of functional teats per piglet, birth weight, the
latency from birth to first suckle, and rectal temperature at
2 hours after birth.
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Indoor farrowing systems are based upon the assumption that the newborn piglets will
leave their mother after suckling and enter a heated creep area, but newborn piglets are
motivated to remain close to the sow. Several creep area features attractive to piglets were
used to attempt to increase time spent in the creep area the first two days after birth and to

Keywords: find out whether increased time spent in the creep area would affect early piglet mortality
g;glzegirretam in farrowing pens. Forty-six loose-housed sows and their litters kept in individual farrowing
Criep area y pens were subjected to one of three creep area treatments; (1) control (CON); concrete floor

in the creep area, (2) bedding (BED); an insulated and soft bedding in the creep area and
(3) HUT; an insulated and soft bedding in the creep area plus an additional wall to increase
the heat conserving capacity in the creep area. The pens were video-recorded from 0-72 h
after birth and analysis was conducted from 08:00 h to 14:00 h and from 20:00 h to 02:00 h
on each day. The attempts to make the creep area attractive did not increase the use of the
creep area; piglets in the hut treatment spent less time in the creep area and more time
resting near the sow than piglets in the CON and BED treatment. Improving the thermal
comfort and increase the layer of bedding in the creep area did not increase time spent away
from the sow, nor did it reduce piglet mortality. Quality of the creep area thus appears to
have little impact on piglet survival.

Farrowing pens

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The domestic sow shows maternal behaviour similar to
that of the wild boar (e.g. Jensen, 1986; Gustavsson et al.,
1999), and under semi-natural conditions, domestic sows
will leave the group to search for a suitable nest site 1-2
days prior to farrowing (e.g. Jensen, 1988). When a suit-
able nest site has been located, she excavates a hollow and
collects suitable material to build a nest in it, spending
typically 5-10 h on the construction (e.g. Wood-Gush and
Stolba, 1982; Jensen et al., 1993). During the first two days
after birth, the sow will spend 90% of her time in the nest,
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E-mail address: guro.vasdal@umb.no (G. Vasdal).

0168-1591/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
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only leaving the nest for brief foraging trips (Stangel and
Jensen, 1991). The piglets spend these first days after birth
resting in close contact with the sow and littermates, leav-
ing the nest only to defecate (Stangel and Jensen, 1991).
Remaining in the nest after birth serves several adaptive
functions for the piglets: it facilitates the development
of the mother-young bond (Jensen and Redbo, 1987), it
reduces the chance of becoming separated from the sow
or being detected by predators, and perhaps more impor-
tantly, gaining warmth (Fiala and Hurnik, 1983) and food
from the udder. As other altricial mammals, piglets are born
without fur or brown adipose tissue so their thermoregu-
latory capacity is poorly developed during the first days
after birth (e.g. Berthon et al., 1994; Herpin et al., 2002).
Although hypothermia is rarely recorded as cause of death
in commercial pig herds, it might often be the primary
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cause of starvation and crushing (reviewed by Edwards,
2002), as hypothermia renders the piglet less able to find
a teat or avoid overlying by the sow (English, 1993). Heat
from the udder will reduce the amount of energy needed
to maintain body temperature and the intake of colostrum
provides a valuable energy source for thermoregulation
(Herpin etal., 1994), which in turn may increase the piglets’
chances of survival. Piglets in semi-natural conditions start
following the sow on small foraging trips from 4 days after
birth, and the sow and litter rejoin the group around 10 days
after farrowing (Newberry and Wood-Gush, 1988; Jensen,
1988).

Unlike the sow-piglet interactions observed in semi-
natural conditions, where the sow leaves the piglets in the
nest, modern farrowing systems are based on the principle
that newborn piglets will leave the sow and enter a heated
creep area. In this system, room temperature in the far-
rowing unit is kept within the sows’ thermal comfort zone,
around 20 °C, while a suitable microclimate (30-34°C) to
avoid hypothermia in piglets is provided in the creep area.
However, numerous studies have found that young piglets
prefer to huddle near the sow and littermates despite
unfavourable thermal conditions in the sow area, instead
of staying in the creep area during the first days after birth
(e.g. Hrupka et al., 1998; Andersen et al., 2007; Moutsen et
al,, 2007; Vasdal et al., 2009). In fact, Hrupka et al. (2000)
found that piglets were more attracted to an anesthetized
piglet in a cold chamber than to an empty warm cham-
ber, suggesting that the attraction to physical contact is
stronger than the attraction to ambient heat. The piglets
only start using the creep area to a substantial extent from
day 3 after birth (e.g. Hrupka et al., 1998; Berg et al., 2006;
Vasdal et al., 2009), which is the age when they would nat-
urally start exploring the nest surroundings together with
the sow (e.g. Stangel and Jensen, 1991).

Despite the piglets’ motivation to lie close to the sow,
many farmers’ constructions and scientific studies have
been aimed at increasing the attractiveness of the creep
area while the use of the creep area in farrowing crates has
been increased by: reducing temperature in the sow area
(Zhou and Xin, 1999; Schormann and Hoy, 2006; Burri et
al,, 2009), adding a warm water bed in the creep area (Ziron
and Hoy, 2003) or providing a simulated udder in the creep
area (Lay et al., 1999; Toscano and Lay, 2005). Piglets in
farrowing crates spend more time in the creep area than
piglets in farrowing pens, possibly because the sow area
is made less attractive by slatted floors, horizontal bars
around the sow and reduced space (Blackshaw et al., 1994;
Vasdal etal.,2009). Another reason for this difference might
be the extra attraction of the sow area to piglets result-
ing from higher maternal motivation displayed by sows in
farrowing pens showing more piglet-directed behaviour,
higher responsiveness to piglet screams and increased
nursing behaviour (e.g. Cronin etal., 1996; Arey and Sancha,
1996; Jarvis et al.,, 2005). Vasdal et al. (2010) found that
24-h-old piglets preferred 42°C to other, lower infrared
temperatures, and a thick layer of sawdust to both a foam
mattress and a water mattress. Thus, it might be possible to
increase the use of the creep area in loose-housed sows by
combining a thick layer of sawdust with high infrared tem-
peratures. However, although previous studies have shown

that piglets in farrowing crates spend more time in the
creep area than piglets in farrowing pens, a relationship
between increased time spent in the creep area and piglet
mortality has not yet been documented. This information
would be important to the ongoing work of reducing piglet
mortality in loose-housed sows.

The aim of this study was to investigate, firstly, whether
improving the thermal comfort and softness of the creep
area would increase time spent in the creep area dur-
ing the first three days after birth, and secondly, whether
this would affect early piglet mortality in loose-housed
SOWS.

2. Material and methods
2.1. Experimental design

Loose-housed sows and their litters kept in individ-
ual farrowing pens were subjected to one of three creep
area treatments during the first three days after farrow-
ing (0-72h); Control (CON); concrete floor in the creep
area, bedding (BED); an insulated and soft bedding in the
creep area and HUT; an insulated and soft bedding in
the creep area, in addition to an extra wall, to increase
the heat conserving capacity in the creep area. During
four farrowing batches, a total of 46 sows were randomly
allotted to one of the treatment pens: CON (n=17), BED
(n=15) and HUT (n=14) six days before expected farrow-
ing.

2.2. Animals and housing

This experiment was conducted at the Pig Research
Unit at the Norwegian University of Life Sciences. All sows
were Yorkshire x Norwegian Landrace with parities rang-
ing from 1 to 8 (mean#+S.E: 2.740.2) and inseminated
with semen from Duroc x Landrace boars. The sows were
moved from the group housing gestation unit to the far-
rowing unit at day 110 post-insemination. The farrowing
unit where the farrowing pens were located was insulated
and mechanically ventilated and the air temperature was
kept at 20 °C until farrowing, and then reduced to 16°C.

Each farrowing pen measured 8.9 m? in total, and the
sow area (part of the pen accessible to the sow) measured
7.0m? with 3.7 m? slatted plastic floor (Fig. 1). The creep
area measured 1.9 m?2, of which 1.0 m? was covered with
a wooden ceiling. The creep area was separated from the
sow area by a diagonal wall (2m x 1 m) with a 20cm gap
along the bottom for piglets to enter. This diagonal wall
was located 30cm from the wooden ceiling in the creep
area (Fig. 1). The solid floor in the sow area was covered
by a 2 cm layer of sawdust in all three treatments, and all
pens were cleaned out twice a day. The creep areas were
maintained according to the treatment requirements.

The sows were fed to appetite with a standard lactation
concentrate at 08:00 h and 14:00 h, in addition to 0.5 kg of
roughage twice a day. From day 113 until farrowing the
sows got 2.0 kg of straw daily for nest building. Lights were
kept on for 24 h to allow video recording.

To avoid interference with the treatments, no assistance
was given to newborn piglets at the time of farrowing.
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Fig. 1. The farrowing pen, creep area with heat lamp in the ceiling. All measures in mm.

During the first day after farrowing the piglets were indi-
vidually weighed, ear tattooed, given iron injection and
teeth grinded. Male piglets were castrated around day 5.
Piglets in the largest litters were cross-fostered to the
smaller litters between 12 h and 24 h after birth, so that no
sow had more piglets than the number of functional teats.
Piglets were cross-fostered equally within and between the
treatments. Litter size in this study is thus number of live-
born piglets fostered off + piglets fostered on from other
SOWS.

Piglets not able to survive because of injuries or star-
vation were humanely euthanized by the staff and all dead
piglets were subjected to a post mortem to determine cause
of death. The dead piglets were categorized as stillborn
(lungs sink in water), dead without milk in the stomach
(lungs float, no milk in stomach), dead with milk in their
stomach (lungs float, milk in stomach), crushed without
milk in the stomach (physical signs of crushing, no milk in
stomach) and crushed with milk (physical signs of crush-
ing, milk in stomach). A physical sign of crushing included
bruising to the body, cranial bone fractures, haemorrhages
or crushed internal organs. In addition to the physical signs,
the video recordings were used to document crushings.

2.3. The creep areas

All three creep area treatments had floors made of stan-
dard concrete, and a ceiling made of solid wood 65cm
above the floor. The creep areas were heated by a red
infrared 250 W heat lamp mounted in the wooden ceil-
ing. The infrared temperature was regulated by an infrared
(IR) temperature controller (Model VE122S IR Controller,
Veng Systems®, Roslev, Denmark) using an IR temperature
sensor (Model VE181-50, Veng Systems®). The set-point
infrared temperature in the creep area was 34 °C; however,
as the heat lamp was unable to provide this temperature,
the infrared temperature in the creep area remained at
around 30°C.

The different creep areas treatments were as follows:

CON: the concrete floor in the creep area was sprinkled
with <100 g of sawdust, a similar amount to that used in
commercial herds.

BED: Insulated and soft bedding: i.e. a thick layer of saw-
dust (7-10cm) covered the entire concrete floor in the
creep area.
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Table 1
Piglet location (% of observations) in areas of the pen (means +S.E).

Treatment Day after Creep area Day after Interactions
birth features birth treatment x day

CON (n=17) BED(n=15) HUT(n=14) DayO0 Day 1 Day 2 Frg3 P-value F,gg P-value P-value

In Creep 288 +45 304+47 170+50 170+19 23.7+32 383+4.0 10.8 <0.001 6.8 <0.01 <0.05

Nursing 273 +20 248+16 250+23 378+19 225+13 162+08 1.5 ns 50.8 <0.001 ns

Active sow area  10.3 + 1.1 9.7 £ 0.7 124+ 1.2 131 +£09 114+12 84+£06 19 ns 13.6 <0.01 <0.05

Resting alone 23 +£0.7 3.6 £2.6 13+04 15+03 14+04 18+05 0.7 ns 0.7 ns ns

Resting near sow 31.2+29 313 +45 440+42 301+19 41.1+28 351+35 3.0 05 2.7 ns <0.001

HUT: In addition to a thick layer of sawdust (7-10 cm) on
the concrete floor, an extra diagonal wall with an entrance
(20 cm x 40 cm) was added in the creep area to provide a
better covered area without draught, with a more stable,
higher infrared temperature. The infrared temperature in
HUT was around 2 °C higher than in CON and BED treat-
ments.

2.4. Behavioural observations

The sows were continuously video-recorded from 2
days before farrowing until 3 days after farrowing. A video
camera was suspended over each pen and connected to
a computer using the MSH video system (M.Shafro & Co.,
www.guard.lv). The behaviour of the piglets and their loca-
tion in the pen was scored using instantaneous sampling
every 10 min from 08:00 h to 14:00 h (6 h) and from 20:00 h
to 02:00h (6h) at day 0 (0-24h), day 1 (25-48h) and
day 2 (49-72h), adding up to a total of 216 observa-
tions per litter. The video analysis of each litter began at
08:00h on the morning after the farrowing was finished.
These two periods were chosen due to the presumed high
activity at 08:00-14:00h, and presumed low activity at
20:00-02:00 h. In order to score the location of the piglets,
the farrowing pen was divided into two zones: the creep
area and the sow area (the rest of the pen).

The behaviour and location of piglets was scored using
the following categories:

Number of piglets:

—

. In the creep area.

. Suckling (actively sucking on a teat).

3. Active in sow area (standing/walking/running/exploring
etc.).

4, Piglet resting alone in sow area without body contact
with sow or littermates.

5. Resting in contact with the sow or littermates.

\S]

2.5. Statistical methods

In the analysis, the litter was used as the statistical unit.
The differences in piglet behaviour and location between
treatments and days were analysed using a Glimmix
model procedure in SAS software with Poisson distribution,
including the following class variables: treatment (CON,
BED, HUT), batch (1, 2, 3 and 4), days after farrowing (0,
1, 2) and sow parity (1-8). The interactions between treat-
ment x batch and treatment x day were also included in
the model. Sow was included as a random effect, and litter

size was included as a continuous variable in the model.
Piglet mortality and causes of mortality were analysed
using a Genmod procedure in SAS with Poisson distribution
including the following class variables and their interac-
tions: treatment (CON, BED, HUT), batch (1, 2, 3, 4), days
after farrowing (0, 1, 2) and sow parity (1-8), with litter size
and birth weight included as a continuous variable. Due
to the lack of normal distribution, relationships between
piglet location and piglet mortality were analysed by a
Spearman Rank correlation analysis.

3. Results
3.1. Piglet location in the pen

Piglets in the HUT treatment spent less time (% of obser-
vations) in the creep area than piglets in the CON and BED
treatments (F, gg =10.8, P<0.001), while there was no dif-
ference in time spent (% of obs) in the creep area between
the CON and BED treatment (Table 1). The number of piglets
lying in the creep area increased in the first two days after
farrowing (F4 83 =6.8; P<0.01), and this increase was high-
estin the BED treatment (F4 gg =2.7; P<0.05) (Fig. 2). There
were large differences between litters within the same
treatment in how much time they spent (% of obs) in the
creep area; the litters ranged from 2% to 72% of the observa-
tions in all three treatments. Use of the creep area was not
significantly affected by sow parity, birth weight or litter
size.

A higher percentage of piglets rested near the sow in
the HUT treatment than in the CON and BED treatment
(F>88=3.0, P=0.05) (Table 1). The percentage of piglets
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Fig. 2. Changes in time spent (% of observations) in creep area
(mean + S.E.) in the three treatments during the first three days after birth.
Difference between days within treatment: a, b, c: P<0.05. Difference
within day between treatments: "P<0.05, “P<0.01.
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Table 2

Piglet mortality (% of live born) in the three different creep areas (means + S.E).

Treatment Creep area features

CON (n=16) BED (n=14) HUT (n=12) X%229 P-value
Litter size (number) 124+ 04 13.0 £ 0.2 129 +£ 04 0.0 ns
Stillborn” 6.2 +2.1 6.0+24 53 +27 0.1 ns
Birth weight (kg) 1.6 + 0.1 14 + 0.1 1.5 £ 0.1 0.0 ns
Total mortality™ 134 £ 3.9 129 +£ 3.2 152 +£ 33 29 ns
Dead other causes 8.1+21 31+1.2 99 +25 31.0 <0.01
Crushed total 52 +26 92 +29 82 +35 2.6 ns

" % of total born piglets.
™ % of live-born piglets.

suckling, being active near the sow or resting alone were
not affected by the treatments. During the first three days
after birth the piglets decreased the time spent (% of obs)
suckling (F,gg=50.8; P<0.001) and the time spent (% of
obs) active in the sow area (F, gg =13.6; P<0.01).

Increased litter size reduced both the time the piglets
spent (% of obs) resting alone (F; gg=5.1, P<0.05) and the
time they spent (% of obs) resting near the sow (F; gg =5.5,
P<0.05). Piglet location in the pen was affected by sow par-
ity; litters of sows with parity 6 used the creep area more
than any other parity (F7gg =2.4, P<0.05), while piglets of
sows with parity 7 spent more time (% of obs) active near
the sow (F7gg =2.7, P<0.05) than in the other parities. Sow
had a significant effect on time spent (% of obs) in the creep
area(t=2.4,P<0.05), time spent (% of obs) nursing (t = —5.8,
P<0.001) and time spent (% of obs) active in the sow area
(t=-2.4,P<0.05).

The percentage of piglets resting alone were higher in
batch 1 thanin the other batches (F5 gg =6.4, P<0.05), while
the percentage of piglets resting together with the sow
were higher in batch 2 than in the other batches (F3 gg =5.5,
P<0.01). There was a significant interaction between batch
and treatment on time spent (% of obs) active in the sow
area (Fggg=2.7, P<0.05). However, there were no clear
trends in the direction of these effects.

3.2. Piglet mortality

There were no significant differences in piglet mortality
among the three treatments (Table 2). Neither sow par-
ity, number of live-born piglets nor piglet birth weight
differed significantly among the treatments. The overall
piglet mortality in the study was 13.8 & 3.4% of live born, of
which 9.4 4+ 1.9% died before receiving milk and 4.44+1.5%
died after receiving milk. There was no significant differ-
ence between the treatments in percentage of piglets dying
before or after milk intake. There were no significant dif-
ferences among the treatments in the percentage of piglets
being crushed by the sow (Table 2). Fewer piglets died of
causes other than crushing in the BED treatment than in the
CON and HUT treatment (x2529=31.0, P<0.01) (Table 2).
In the CON treatment, piglets were crushed in 37% of the
litters, while piglets died of other causes in 68% of the lit-
ters. These values were 50% of the litters (crushed) and
37% of the litters (other causes) in the BED treatment, and
31% of the litters (crushed) and 50% of the litters (other
causes) in the HUT treatment, respectively. Piglet mortal-
ity was reduced from 9.5 + 1.9% of the live born on day 0, to

6.5+ 1.7% on day 1 and 3.0+ 0.7% on day 2 (Fig. 3). Neither
litter size nor birthweight had an effect on piglet mortality
in this study.

The four batches did not differ in sow parity, litter
size or birth weight. Batch 1 had a higher mortality rate
(x?320=17.7, P<0.01) and a higher percentage of still-
born piglets (x%329=9.5, P<0.05) compared to the other
three batches. There was no significant interaction between
batch and treatment on piglet mortality. Piglet mortality
was affected by sow parity; parity 3 (n=6) and 5 (n=5)
had the highest piglet mortality, while parity 1 (n=12)
and 6 (n=2) had the lowest piglet mortality (x27.29 =56.7,
P<0.001).

The total time spent (% of obs) in the creep area was
not significantly related to piglet mortality in any of the
treatments on day 0, day 1 or day 2. There was no rela-
tionship between mortality and time spent (% of obs)
resting near the sow, resting alone or being active near the
Sow.

4. Discussion

Improving the thermal comfort and softness in the creep
area neither increased the use of the creep area, nor was
there any relationship between use of the creep area and
piglet mortality. The creep area has long been considered
an important part of the farrowing environment, providing
the piglets with a suitable microclimate and physical pro-
tection from the sow, however, it appears difficult to attract
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Fig. 3. Piglet mortality (mean#S.E.) in the three treatments during the
first three days after birth. Difference between days within treatment: a,
b: P<0.05.
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newborn piglets away from the sow. The hut was actu-
ally least used of the three creep areas, opposite to what
was predicted based on previous findings; that piglets are
attracted to warm and soft areas when the sow is crated
(e.g. Zhou and Xin, 1999; Schormann and Hoy, 2006; Burri
etal.,2009) and in piglet preference tests (e.g. Hrupkaetal.,
2000; Vasdal et al., 2010). In total, the piglets in the present
study spent less than a third of their time in the creep area,
thus none of the three creep area treatments were able to
attract the piglets away from the sow to a greater extent
than reported in other studies of loose-housed sows (e.g.
Berg et al., 2006; Vasdal et al., 2009). This can be explained
by the fact that piglets are strongly motivated to lie close
to the sow and litter mates early after birth regardless of
the presence of a heated creep area (Hrupka et al., 1998;
Andersen et al., 2007; Moutsen et al., 2007). Lying close
to the sow after birth is a highly adaptive behaviour as
staying close to the udder increases the piglets’ chance
of survival, and it can therefore be considered as a bat-
tle against biology to aim at attracting newborn piglets
away from the sow. Earlier studies have suggested that
variations in the sows’ maternal behaviour may explain dif-
ferences in the piglets’ behaviour (e.g. Berg et al., 2006), but
it is not clear if and how the sow encourages the piglets
to use the creep area. From a biological point of view,
improved maternal behaviour should in fact increase the
piglets’ attraction to the sow and would thus increase the
time spent together with the sow, rather than the oppo-
site.

In accordance with previous findings (e.g. Berg et al.,
2006), there were large differences between litters in use
of the creep area. However, there was no relationship
between time spent in the creep area and piglet mor-
tality. If increased use of the creep area was positive for
piglet survival, differences in mortality should be expected
between litters with high and low use of creep area. Vasdal
et al. (2009) found that piglets in crates spent significantly
more time in the creep area than piglets in pens, however,
there were no differences in mortality between these envi-
ronments (Pedersen et al., in preparation). These results
suggest that the creep area is less important for piglet sur-
vival than previously thought. Contrary to previous studies
(e.g. Weary et al., 1996), there was no relationship between
time spent resting near the sow and piglet mortality in
the present study. Thus it might be other factors, such
as the physical state of the piglet like birthweight and
body temperature (e.g. Pedersen et al., 2008) that explains
early piglet mortality. Although mortality was not affected
by birth weight in the present study, a majority of the
piglets died before receiving milk, suggesting that star-
vation was a major predisposing factor for the mortality.
Surprisingly, litter size had no clear effect on mortality in
this study, contrary to previous findings (e.g. Andersen et
al.,in preparation; Weber et al.,2009; Pedersen et al.,2006).
The negative effects of large litter sizes in the present study
might have been camouflaged by the cross fostering, as the
sows never had more piglets than functional teats.

In conclusion, offering a heated creep area with soft bed-
ding did not increase time spent away from the sow, nor
did it reduce piglet mortality. Quality of the creep area thus
appears to have little impact on piglet survival.
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1. Introduction

Piglet mortality represents an important economical
and welfare problem in all housing systems for lactating
sows. The vast majority of lactating sows on commercial pig
farms are housed in farrowing crates which provide unsat-
isfactory living conditions for the sows but that have been
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considered an efficient way to decrease piglet mortality
(Blackshaw, 1994; Bradshaw and Broom, 1999; Marchant
et al., 2000). In contrast, recent results based on large
sample sizes show that piglet mortality and its variability
do not differ between conventional and loose farrow-
ing systems (Weber et al., 2007; Pedersen et al., 2010).
Several studies made in loose-housing systems allowing
the sow to move around and communicate freely with
her piglets show that maternal motivation and protec-
tiveness have a large impact on piglet survival (Wechsler
and Hegglin, 1997; Spinka et al., 2000; Marchant et al.,
2001; Pitts et al., 2002; Andersen et al., 2005). Before lying
down, sows perform specific types of pre-lying behaviour
(e.g. Clough and Baxter, 1984; Blackshaw and Hagelso,
1990; Wischner et al., 2010) which might be functional
by attracting piglets’ attention and giving them enough
time to move (e.g. Marchant et al,, 1996). These types
of behaviour are: rooting (Blackshaw and Hagelso, 1990;
Spinka et al., 2000; Marchant et al., 2001; Valros et al.,
2003; Pokorna et al., 2008; Burri et al., 2009; Wischner
et al., 2010), pawing (Marchant et al., 2001; Pokorna et al.,
2008; Wischner et al., 2010), sniffing piglets (Valros et al.,
2003; Pokorna et al., 2008; Wischner et al., 2010), nudging
piglets (Marchant et al., 2001), looking around (Marchant
et al,, 2001; Wischner et al., 2010), turning around (Burri
et al,, 2009) and descending vertically (Spinka et al., 2000).
In a group farrowing system, increased incidence of sow’s
pre-lying behaviour decreased the occurrence of danger-
ous situations leading to crushing (Marchant et al., 2001).
In crates, sows that have not crushed piglets perform pre-
lying behaviour more often than sows that crush at least
one piglet (Wischner et al., 2010). In contrast to this, some
studies focusing on different pre-lying behaviours both in
crated and loose-housed sows, did not find any relationship
between pre-lying behaviour and probability of crushing
(Pokorna et al., 2008), the incidence of near-crushing sit-
uations (Burri et al., 2009) or piglet mortality in general
(Spinka et al., 2000). Valros et al. (2003) found lower piglet
mortality due to crushing in indoor, loose-housed sows
with increasing rooting activity, but sniffing piglets and
other pre-lying behaviour was not significantly related
to the incidence of crushing. According to Johnson et al.
(2007), sows kept outdoors that did not crush any piglets
spent more time pawing than sows that crushed some of
their piglets. However, this was not the case for rooting
behaviour with the snout directed towards the ground in
a similar study with outdoor sows (Spinka et al., 2000). It
is likely that communication through sniffing, nudging and
vocalization have a larger impact on piglet location and the
chances of getting crushed than the less focussed rooting or
the nature of posture changes. These contradictory results
question the function of these two behaviours as prepara-
tory movements for lying down. Except for nest building,
pawing is most commonly observed in relation to lying
down movements (e.g. Johnson et al., 2007), whereas moti-
vation for rooting is also high in pregnant sows and can be
observed in a wide range of situations (e.g. Studnitz et al.,
2007). Sows that do not crush any of their piglets respond
sooner to piglet distress calls and sniff their piglets more
than sows that crush several piglets (Andersen et al., 2005).
Although there are several studies on vocal communication

during nursing (e.g. Algers and Jensen, 1985; Blackshaw
et al., 1996; Spinka et al., 2002) and offspring recognition
(e.g. lllmann et al., 2002), vocal communication between
sow and piglets, specifically before the sow lies down has,
to our knowledge, not been documented.

Lying down events seem less likely to be dangerous
when piglets are clustered together (Clough and Baxter,
1984; Marchant et al., 2001; Burri et al., 2009) as it is
probably easier for the sow to locate the piglets and avoid
piglet crushing. In contrast to this, Pokorna et al. (2008) did
not find any influence of piglet clustering on probability of
crushing in crated systems. However, the same study did
find a positive effect of sniffing and pawing, but not rooting,
on the degree of piglet clustering. Nevertheless, the rela-
tionship between different pre-lying behaviours and the
incidence of crushing events still needs to be systemati-
cally studied. It can be discussed whether a high degree of
sow-piglet communication attracts the piglet to stay close
to the sow or whether this stimulates them to use the creep
area sooner after birth. Recent results show that when the
sow is kept loose, piglets spend most of their time close to
the sow and not in the creep area for the first two days after
birth (Berg et al., 2006; Vasdal et al., 2009, 2010), and the
piglets spend less time in the creep area when the sow is
kept loose than when crated (e.g. Vasdal et al., 2009). One
of the reasons for this might be that this system allows the
sow to communicate both physically and vocally with the
piglets and therefore stimulates them to spend more time
in close proximity. Historically, one of the goals is to safe-
guard piglets, thus keep them out of the potentially risky
sow area, outside nursing times. However, time spent in the
sow area in general does not affect piglet mortality (Berg et
al., 2006; Vasdal et al., 2009, 2010), but more piglets present
in close proximity to the sow when lying down is docu-
mented to increase the incidence of near-crushing events
(e.g.Burri et al., 2009). This is thus an important distinction
to make.

Birth weight and rectal temperature shortly after birth
can be used as postnatal survival indicators (e.g. Baxter
et al.,, 2009; Vasdal et al., 2010). Piglets with low weight
gain are more likely to be crushed (e.g. Dyck and Swierstra,
1987) and spend more time in the risky area underneath
a standing or sitting sow as they have a greater need for
milk (Weary et al., 1996). Another explanation for this is
that hypothermic or starving piglets might be sluggish or
disorientated and are therefore less able to get away from
near-crushing situations (e.g. Weary et al., 1996). Piglets
with low vitality might respond less to communication ini-
tiated by the sow than strong and healthy piglets.

In this study we focused on the impact of sow-piglet
communication during the pre-lying behaviour and piglet
condition on piglet location before lying down on Day 1
and Day 3 post-partum (pp) and on piglet crushing. Specific
aims were to; (i) determine whether sows that commu-
nicated more with their piglets had fewer piglets in the
specified danger zone (area within one piglet length of the
sow on the side on which she is about to lie down) and
sow area and more piglets clustered, (ii) assess whether
more sow pre-lying communication, lower proportion of
piglets in the danger zone and sow area and higher propor-
tion of piglet clustering decreased the probability of piglet
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crushing, (iii) assess the frequency of the sow pre-lying
communication and; (iv) determine whether hypothermic
piglets with a low weight were more likely to be present in
the danger zone before the sow lay down and had a higher
probability of crushing.

2. Materials and methods
2.1. Animals and housing

The experimental subjects were 22 York-
shire x Norwegian Landrace, individually loose-housed
sows which had farrowed at the Pig Research Unit at the
Norwegian University of Life Sciences in 2009. Four of these
sows were excluded from the study due to health problems
(birth difficulties, MMA). All sows were inseminated with
semen from Duroc x Landrace boars and moved from the
indoor group gestation unit to the indoor farrowing unit
at Day 110 post-insemination. Parities ranged from 1 to 7
(2.5 £1.8, mean &+ SD). All farrowing pens were in the same
building and each pen had a total area of 8.9 m?, where
part of the pen accessible to the sow measured 7.0 m?
(resting area with solid floor measured 3.3 m2, plastic,
slatted floor measured 3.7m?2). The creep area (1.9m?2),
inaccessible to the sow, had floor heating with a wooden
triangular roof and was separated by a diagonal wall with
a 0.20 m gap along the bottom for piglets to enter (Fig. 1).
Two metal farrowing rails were fixed in the resting area
and above the slatted floor to avoid piglet crushing (Fig. 1).
The cleaning was conducted manually twice a day and
2.0kg of straw was provided on a daily basis from Day 113
until farrowing. Thereafter the solid floor of the resting
area and creep area were covered by 2 cm of fresh, clean
sawdust every day. Water was available ad libitum from
nipple drinkers placed over the slatted floor area both for
the sow and her piglets. Commercial lactation diet and
0.5 kg of roughage (hay from the first harvest which was
placed on the floor) were provided to the sows at 8.00h
and 14.00h daily. The farrowing unit was automatically
ventilated and the air temperature was maintained at
around 16°C. In order to enable the non-stop continuous
video recording the artificial dim lights were kept on
during the night. During the day-time natural light entered
through windows. During the first 24 h after farrowing
cross-fostering was carried out; piglets from large litters
were moved to small litters, however no attempt to
balance for piglet size within litter was made. Litter size
was calculated as number of live born piglets minus piglets
fostered off plus piglets fostered on from other sows. Litter
size ranged from 5 to 17 (mean £ SD: 13 £ 2.9). Piglets had
their teeth ground and received an oral dose of iron at 24 h
old.

2.2. Behavioural observations

Eighteen sows and their litters were video recorded on
Day 1 (from the end of farrowing until 24 h pp) and Day
3 (48-72h pp). For each pen, one camera (Sony HD 1080;
HD-SR 12), attached to a tripod, was positioned so sow and
piglet behaviour in the pen could be recorded. A micro-

phone, positioned 1.4 m above the floor in the middle of
the sow area, was connected via cables to the camera.

2.2.1. Analysis of the sow pre-lying communication

Video analysis of sow pre-lying communication started
2min before a sow began to lie down and the follow-
ing behaviours were recorded during these 2min: the
frequency of vocalization, the frequency of sniffing and
the frequency of nudging. Sow pre-lying communication
was calculated based on the total frequencies of pre-lying
behaviours occurring during that event (for definitions see
Table 1a). We analyzed 10 standing-to-lying events per
sow without external disturbance on Day 1 and on Day 3.
Some sows had less than 10 standing-to-lying down events
per day without external disturbance (11 sows on Day 1
(mean+SD: 54+2.2) and 12 sows on Day 3 (meanSD:
7.543.8)). Altogether 125 standing-to-lying down events
were analyzed on Day 1 and 135 on Day 3. As a result
of technical difficulties it was not possible to analyze
the grunting vocalization in 25 standing-to-lying down
events.

All behavioural analyses were conducted by one trained
observer (MM) who used the Observer software (The
Observer, Version 8, Noldus Information Technology,
Wageningen, Netherlands).

2.2.2. Analysis of piglet position

At the moment the sow began to lift a front foot and
placed her knee on the floor, the number and the identity
of piglets present in the danger zone, the number of piglets
in the sow area and the number of piglets clustered were
counted (see definitions in Table 1b). The same number
of standing-to-lying down events per sow was analyzed
as described under Section 2.2.1. The proportion of piglets
which were present in the danger zone, sow area and clus-
tered was calculated as the percentage of piglets in the
litter.

2.2.3. Analysis of piglet condition and piglet mortality

In order not to disturb maternal behaviour during
farrowing, piglet weight and rectal temperature were mea-
sured on Day 1 immediately after the farrowing was
finished (mean £ SD: 3.2 £ 2.5 h after the birth of the first
piglet). On Day 3 weight and rectal temperature mea-
surements were taken at 48 h after the birth of the first
piglet. In order to determine whether there was an effect
of latency from the birth of the first piglet to rectal tem-
perature measurements on piglet rectal temperature on
Day 1 a PROC GENMOD test was run; rectal tempera-
ture was not significantly affected by the latency from
the birth of the first piglet until the time of the measure-
ment (Z=1.83, NS). On Day 1, every piglet was marked
(by marker pen) with a number on its back for identi-
fication on the video record. As piglet mortality was an
important measure in this study, there was no human assis-
tance provided to a piglet when it was crushed. However,
to follow common practices of commercial pig farming
and to avoid suffering the ethical decision was taken to
humanely euthanize the piglets which were not able to
survive because of body deformations, injuries and long-
term starvation in large litters (N = 7). All instances of piglet
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Fig. 1. The farrowing pen with resting area (A), piglet area including creep area (B) and slatted floor (C). All measures in mm.

Table 1a

Variables included in the analysis of standing-to-lying down events of the sow.

Variable

Definition

Sow vocalization

Sniffing

Nudging

Sow pre-lying communication in total
Start of pre-lying communication

One grunt is one single sound separated by a silent period

Sow’s snout is at a distance of less than 10 cm from the body of the piglet

Sow moves piglet using her snout (physical contact)

Sum of the frequency of sow vocalization, sniffing and nudging piglets

Time when one of the behaviours (sow vocalization, sniffing or nudging) occurred for the first
time within 2 min before the sow lay down (adapted from Pokorna et al., 2008)

Table 1b

Variables included in the analysis of piglet position.

Variable

Definition

Number of piglets in the danger zone
Number of piglets in the sow area

Number of piglets clustered

Number of piglets present in the area within one piglet length of the sow on the side
on which she is about to lie down (Pokorna et al., 2008)

Number of piglets present in the resting area and slatted floor within approximately
1 m from the sow

Number of piglets present in the resting area and slatted floor which are within a
distance of one piglet length from each other (for a minimum of 3 piglets)
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mortality were noted and a macroscopic post-mortem
examination was conducted to determine the cause of
death. Causes of death were: stillborn (lungs sink in water
on post-mortem examination), crushed (physical signs of
crushing), or dead by starvation (malnourished and no
milk in the stomach). The physical lesions of crushing
included: bruising, lacerations, bone fractures, haemor-
rhages and/or injuries of internal organs. Evidence from
video recordings also assisted with establishing accurate
cause of death.

3. Statistical methods

For all statistical analysis, the individual sow was con-
sidered as an independent subject.

In cases when the dependent variable crushing was cal-
culated, only one measurement for each sow was available,
therefore a generalized linear regression model was used.
In all other models, each sow had repeated observations
and formed a cluster of observations. In this case,amarginal
generalized regression models for clustered response were
used. The predictors of TIME PERIOD, PARITY and LITTER
SIZE were covariates in all models, unless otherwise stated.
The predictor TIME PERIOD was a categorical variable with
two levels (Day 1 and Day 3); the predictors PARITY and
LITTER SIZE were included in the model as continuous vari-
ables. Only information about significant effects (P<0.05)
in the specific models is presented, unless otherwise stated.

The Poisson regression (when the mean of the data was
nearly equal to its variance) and Negative binomial regres-
sion (when data were over-dispersed) were applied for
modelling the frequency of pre-lying behaviour (sow vocal-
ization, sniffing and nudging). These types of regressions
were also used for modelling the proportion of piglets (cal-
culated out of litter size) in the danger zone, in the sow
area and clustered; this was done by considering the so
called offset regressor which was the logarithm of litter
size, unless stated otherwise. For brevity, we denote these
proportions as “proportional states of piglets”. Commu-
nication variables were tested separately with respect to
crushing in the model. For generalized linear (or marginal)
models the output presented (Z or x2), used for inferen-
tial purposes, depended on the number of observations in
the sample. For small to moderate samples (50 observa-
tions and less), the x? statistic was used, otherwise the Z
statistic is presented (Agresti, 2007).

3.1. Association between sow pre-lying communication
and the proportion of piglets in the danger zone, sow area
and piglet clustering

The negative binomial regression (PROC GENMOD) was
applied to test the effects of sow-piglet communication
on the proportion of piglets present in the danger zone
(first model), the proportion of piglets present in the sow
area (second model) and the proportion of clustered piglets
(third model) with predictors SNIFFING, SOW VOCALIZA-
TION and NUDGING.

3.2. Association between sow pre-lying communication,
piglet position and piglet clustering on the probability of
crushing

The logistic regression (PROC GENMOD) was applied to
test the effect of each component of sow per-lying commu-
nication separately for Day 1 and Day 3 on the probability
of fatal crushing. Similarly, logistic regression was applied
(PROCGENMOD) to test separately the effects of proportion
of piglets in the danger zone (first model), the proportion
of piglets in the sow area (second model) and of piglet clus-
tering (third model) for each time period on probability of
piglet crushing.

3.3. Frequency of sow pre-lying communication on Day 1
and Day 3

The Poisson regression model was applied (PROC GEN-
MOD) to assess whether the frequency of sow vocalization,
sniffing, nudging and sow pre-lying communication in total
differed between Day 1 and Day 3.

3.4. Association between piglet condition and their
presence in the danger zone before lying down of the sow
and probability of crushing

The logistic regression was used to test the probability
of piglet presence in the danger zone in relation to piglet
weight and rectal temperature separately on Day 1 and
on Day 3. The predictors PARITY, LITTER SIZE and TIME
OF WEIGHT and TEMPERATURE MEASUREMENTS (latency
from the birth of the first piglet and the measurements of
piglet weight and rectal temperatures) were used as covari-
ates.

The logistic regression (PROC GENMOD) was applied
to test whether the probability of crushing was associ-
ated with the weights and rectal temperatures of crushed
piglets separately on Day 1 and Day 3. The predictors PAR-
ITY, LITTER SIZE and TIME OF WEIGHT and TEMPERATURE
MEASUREMENTS were used as covariates.

4. Results

4.1. Association between sow pre-lying communication
and piglet presence in the danger zone, sow area and
piglet clustering

At least one piglet was present in the danger zone on
Day 1in 52.8% of standing-to-lying events (N = 66 out of 125
events) and on Day 3 in 13.3% (N =18 out of 135 events) at
the moment when the sow started to lie down. The pro-
portion of piglets present in the danger zone increased
significantly when the frequency of vocalization (P<0.05)
and sniffing (P<0.05) increased. On Day 1, there was a
higher proportion of piglets present in the danger zone than
on Day 3 (P<0.01, 15.5% piglets on Day 1 vs. 5.8% piglets on
Day 3). All effects are shown in Table 2.

The proportion of piglets in the sow area increased with
increasing frequency of sniffing (P<0.05). On Day 1, there
was a higher proportion of piglets in the sow area than
on Day 3 (P<0.0001, Day 1: 82.8%; Day 3: 35.6% piglets).
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Table 2

Effect of sow pre-lying communication (vocalization, sniffing and nudging) on piglet position and on piglet clustering (% of litter size). Variables of day

effect, parity and litter size were included in the statistical model.

Variables Piglets in danger zone (%) Piglets in the sow area (%) Piglets clustered (%)

V4 P-value Z P-value Z P-value
Vocalization 2.1 <0.05 0.17 NS -0.34 NS
Sniffing 1.98 <0.05 241 <0.05 1.97 <0.05
Nudging -0.96 NS -0.51 NS 0.17 NS
Day effect? 2.93 <0.01 5.34 <0.0001 429 <0.0001
Parity -1.07 NS 2.99 <0.01 2.62 <0.01
Litter size 0.86 NS -1.07 NS -1.15 NS

2 Day effect: Day 1 and Day 3.

With increased parity, proportion of piglets in the sow area
increased (P<0.01).

The proportion of piglet clustering increased with
increasing frequency of sniffing (P<0.05). On Day 1 there
was a higher proportion of piglets clustered than on Day
3 (P<0.0001, Day 1: 70.1%; Day 3: 26%). With increased
parity, proportion of piglets clustered increased (P<0.01).

4.2. Piglet crushing

Over the three days post-partum, 14.4% of piglets (34
out of 236 live born piglets) died, 6.4% of piglets died as a
result of crushing (14 piglets on Day 1, one piglet on Day
3). The probability of piglet crushing was not significantly
affected by any component of the sow pre-lying commu-
nication (vocalization: P=0.67, X(Z]) =0.18 on Day 1 and
P=0.45, X(Zl) = 0.57 on Day 3; sniffing: P=0.11, X(zl) =2.55
onDay1andP=0.11, X(Z]) = 2.5onDay 3; nudging: P=0.21,
X(21) =1.61 onDay 1 and P=0.3, X(21) =1.08 on Day 3) nor
by piglet position in the danger zone (P=0.27, X(Zl) =1.2),
sow area (P=0.24, X(Z]) = 1.37) or piglet clustering (P=0.25,
Xy =1.31).

4.3. The ontogeny of pre-lying communication

On Day 1 compared to Day 3 there was a higher total
number of pre-lying communications in total (Z=3.41,
P<0.0001), a higher frequency of sow vocalization (Z=4.17,
P<0.0001) and nudging tended to increase (Z=1.88,
P<0.1, Fig. 2). Sniffing was not effected by the time
period (Z=-0.14, NS). The frequency of sow vocalization
decreased significantly with increased parity (Z=-5.35,
P<0.0001), but parity did not significantly affect sniffing,
nudging or the pre-lying communication in total.

4.4. Association between piglet condition and presence in
the danger zone before lying down and probability of
crushing

Piglets with higher weight were more likely to be
present in the danger zone on Day 1 (Z=4.79; P<0.0001)
but rectal temperature on Day 1 (Z=-0.07, NS) and piglet
weight (Z=0.4, NS) and rectal temperature on Day 3
(Z=-0.36, NS) had no effect.

There was a significant effect of piglet weight on the
probability of crushing (Z= —2.05, p <0.05). With decreased

weight, the probability of crushing increased on Day 1. No
effect of rectal temperature on the probability of crushing
on Day 1 was detected (Z=—1.5, NS). The low number of
crushing events on Day 3 (N=1) did not allow statistical
analysis.

5. Discussion

To our knowledge this is the first study which focuses
on the sow pre-lying communication including vocaliza-
tion and its effect on piglet location at the moment when
the sow starts to lie down. We confirmed our prediction
only in one respect; that a higher pre-lying communica-
tion increased piglet clustering. However, contrary to our
prediction, more communication initiated by the sow (i.e.
vocalization, sniffing) was associated with a higher pro-
portion of piglets in the danger zone and the sow area
before lying down and, there was no effect of sow-piglet
communication on the incidence of piglets being crushed.
Furthermore, it was surprising that hypothermic piglets of
lower weight were not present more in the danger zone;
however piglets of lower weight were at a higher risk of
crushing.

5.1. Association between sow-piglet pre-lying
communication and piglets’ location and piglet clustering

It has been suggested that sow pre-lying behaviour
may help to reduce the risk of crushing by ensuring that
piglets are awake and able to anticipate the forthcoming

14 I Day 1
*kk Day 2

12 +

10 +

Frequency of sow behaviour
within 2 min before lying down

Pre-lying Vocalization  Sniffing
communication
in total

Nudging

Fig. 2. Frequencies of sow pre-lying communication (mean + S.E.) on Day
1 and Day 3 pp, ***P<0.0001, ¥P<0.1, NS: not significant.
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lying down event (Damm et al., 2005), and move out of
the danger zone (Blackshaw and Hagelso, 1990; Marchant
et al., 2001). However, most of the cited studies focused
on the pre-lying behaviour and the probability of crush-
ing but did not study the relationship between pre-lying
behaviour and piglet location except for one study (Pokorna
et al., 2008). At first glance it was surprising to find that a
higher frequency of sow pre-lying communication (vocal-
ization and sniffing) increased the proportion of piglets in
the danger zone. Our results indicate that more sow pre-
lying communication attracted a higher proportion of the
piglets close to the sow in the place with a higher risk of
crushing (Blackshaw and Hagelso, 1990; Marchant et al.,
2001). To some extent this confirmed results from the
study conducted by Pokorna et al. (2008) in which more
pre-lying behaviour, based on a scoring system, did not
influence the probability that piglets would have moved
out of the danger zone and from the sow area into the
creep area during the first 24 h pp. The mentioned study
(Pokorna et al., 2008) was conducted in modified farrow-
ing crates and it was suggested that the restricted space
made it almost impossible for the mother to lie down with-
out having piglets in the danger zone. The present study,
conducted in large loosed housed pens (7 m?), rejected this
explanation. However, our study supports recent findings
that piglets are highly motivated to rest and stay near the
sow and litter mates despite unfavourable thermal condi-
tions in the sow area and the risk of crushing, instead of
staying in thermal comfort in the creep area during the first
days post partum (e.g. Andersen et al., 2007; Vasdal et al.,
2009, 2010). Staying near the sow seems to be an adaptive
behaviour of the piglets because the sow provides warmth,
milk and protection (in outdoor environments) and they
are also sorting out their teat order and teat fidelity (De
Passillé et al., 1988). Therefore, contrary to our prediction,
the area in very close proximity to the sow (i.e. the danger
zone) might be perceived by neonatal piglets as the optimal
place in the pen. The result that newborn piglets stay near
the sow is not a new observation; in semi natural condi-
tions piglets spend the first few days after birth in the nest
in close contact with the sow (Jensen, 1986; Stangel and
Jensen, 1991). It seems that this knowledge relating to the
natural behaviour of newborn piglets, known for almost 20
years, has not been implemented as design criteria for far-
rowing pens and there have been unsuccessful approaches
to increase the piglet use of the creep area by making it
more attractive (e.g. Vasdal et al., 2010).

5.2. Association between sow pre-lying communication,
piglet position and piglet clustering on the probability of
piglet crushing

In our study the majority of piglet crushing occurred on
Day 1 (93%) which confirms findings from previous studies
(i.e. Marchant et al., 2001; Wischner et al., 2010). Simi-
lar to other studies which looked at the effect of different
components of the pre-lying behaviour and piglet mortal-
ity (Spinka et al., 2000; Pokorna et al., 2008), we did not
detect any association between the pre-lying communica-
tion and piglet crushing in the present paper. However, the
number of crushing events was relatively small. In contrast,

standing-to-lying events ending by piglet crushing were
more frequent when sows performed none or very little
pre-lying behaviour (Marchant et al., 2001), and performed
less rooting on Day 3 (Valros et al., 2003). These contradic-
tory results might be due to slightly different approaches
and methods used.

How dangerous is piglet presence in the danger zone?
In the present study on Day 1 there was at least one piglet
presentin the danger zone in more than 50% of all sow lying
down events and around 10% of all events on Day 3. On Day
1, the number of events when fatal crushing occurred dur-
ing lying was more than 4.5 times lower than the number
of events when at least one piglet was present in the danger
zone (66 standing-to-lying down events with at least one
piglet present in the danger zone and 14 piglets crushed).
Furthermore, our results showed that there was no effect
of the proportion of piglets in the danger zone on piglet
crushing. When a piglet gets trapped it starts screaming
immediately. Weary et al. (1996) showed that piglets which
are trapped under the sow for less than 1 min generally sur-
vive. Thus, staying close to the mother within the first few
days post partum might increase the risk of maternal crush-
ing (Weary et al., 1996; Marchant et al., 2001) but crushing
may not be fatal and the benefits of heat provision, milk and
protection against predators (in an outdoor environment)
might be greater than the risks. Apparently, there is a trade-
off between the costs and benefits which the closeness
of the mother represents for piglets. Traditionally it has
been assumed that sow’s maternal crushing is an involun-
tary accident related to inadequate design of the farrowing
environment. However, recent studies have suggested that
fatal crushing may also be an alternative way of reduc-
ing maternal investment, especially in large litters (Drake
etal., 2008; Andersen et al., 2005, 2011). Brood reduction is
energetically more efficient shortly after birth. Significant
neonatal mortality may actually improve a sow’s overall
fitness by enabling her to invest more resources in her
remaining young while maintaining her own body con-
dition (Drake et al., 2008). Despite relatively large litter
sizes (mean +SD: 13 +£2.9) in the present study no effect
of litter size on piglet crushing was found, which can be
explained by the stockperson husbandry skills on the farm,
including cross-fostering. This study aimed to investigate
communication of the sow towards piglets in relation to
standing-to-lying posture changes, further studies should
focus on sow-piglet communication in general.

5.3. Ontogeny of the sow pre-lying communication

In the present study the frequency of pre-lying
communication (sow pre-lying communication in total,
vocalization and nudging) was higher on Day 1 compared
to Day 3 when the piglets are most vulnerable and the risk
of crushing is greatest (Weary et al., 1996; Marchant et al.,
2001). The same ontogeny effect was found by Marchant
et al. (2001) and Blackshaw and Hagelso (1990) for dif-
ferent components of pre-lying behaviour. The question
arises how important are the specific components of pre-
lying communication. Sniffing and sow vocalization do not
exclusively occur before lying down but they have been
observed during and after birth of piglets and before and
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after nursing (Whatson and Bertram, 1982-1983; Jensen,
1988; Jarvis etal., 1999; lllmann et al., 2001; Pedersen et al.,
2003). Harris and Gonyou (1998) reported “sniffing” as a
common behaviour between the sow and piglets in non-
confined conditions. One function of sniffing, and as well
of sow grunting before lying down, might be to wake up
piglets (Damm et al., 2005) or enable them to find the udder
after parturition. Grunting vocalization of the sow is an
important feature to announce nursing and very short milk
ejection in pigs (Illmann et al., 2001). However, another
function of sow pre-lying communication might be solely
to support development of the olfactorial (Maletinska et al.,
2002) as well as acoustical mother-young bond. Grunting
of the mother is important for piglets in order to find her in
case of losing contact, specifically the first hours after birth.
It is known that piglets are able to recognize the grunting
vocalization from their own mother against alien sows 36 h
post partum (Horrell and Hodgson, 1992). Given the low
frequency of nudging behaviour displayed by the sow in
this study, it is questionable whether it plays an important
role in sow-piglet communication (see Fig. 2). To sum up,
sow behaviour vocalization and sniffing piglets might be a
common behaviour of the sow towards piglets in order to
strengthen the bond between the mother and her offspring
which starts to develop immediately after the birth and is
fundamental for piglet survival.

5.4. Association between piglet condition and presence in
the danger zone before lying down and the probability of
crushing

Contrary to our prediction that on Day 1 heavier piglets
were more likely to be present in the danger zone and
there was no association between rectal temperature and
piglet presence in the danger zone detected on both days.
Our results suggest that the benefit of staying close to the
mother in terms of increased survival probability (i.e. more
milk, heat) is larger than the risk of getting crushed. Piglets
in good body condition (heavy, vital ones) can afford the
risk of staying close to the sow in order to maintain the
best position at the udder and get a higher colostrum intake
(De Passillé et al., 1988) compared to weak piglets (light
ones) that are more likely to get crushed (Svendsen et al.,
1986; Dyck and Swierstra, 1987). To our knowledge there
is only one study which analyzed piglet weight gain and
time spent in the risky area during standing and sitting
(Weary et al., 1996). It was demonstrated that piglets gain-
ing less weight spent more time in the risky area, but these
authors did not report whether there was a higher inci-
dence of crushing among the starved piglets compared to
the heavy ones. The body condition of the piglets might
be a good indicator of how the piglets move around the
sow, and the light piglets are quite often observed close to
the sow when the rest of the litter is not present. With
decreased piglet weight measured on Day 1 the proba-
bility of crushing increased, which corresponds with the
findings of several studies on the effects of neonatal piglet
weight on their survival (e.g. Dyck and Swierstra, 1987;
Tuchscherer et al., 2000; Milligan et al., 2002; Vasdal et al.,
2010). The motivation of piglets to spend the first few days
after farrowing in contact with the mother is very high,

regardless of the comfort and softness in the creep area
(Vasdal et al., 2010), heat lamp location and air tempera-
ture (Hrupka et al., 1998). It can therefore be considered as
abattle against biology to aim at attracting newborn piglets
away from the sow (Vasdal et al., 2010).

In conclusion, our study shows that more sow pre-
lying communication attracted piglets to the sow and even
increased the proportion of piglets in the predefined danger
zone before lying down. However, there was no associa-
tion detected between pre-lying communication and piglet
location on the incidence of piglet crushing. Close proxim-
ity of piglets to the sow during the first days post partum
outside the time of nursing seems likely to stimulate the
mother-piglet bonding process. The benefits of staying
close to the udder in terms of milk, heat and comfort
appears to be much larger than the risk of getting crushed
by the mother, especially for piglets in a good condition.
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Ustajeni prasnic behem laktace:
welfare prasnic a mortalita selat

M. MELISOVA, G. ILLMANNOVA, H. CHALOUPKOVA
Vyzkumny ustav zivociSné vyroby v. v. i., Praha-Uhfinéves

SOUHRN

MeliSova M., llimannova G., Chaloupkova H. Ustajeni pras-
nic béhem laktace: welfare prasnic a mortalita selat.
Veterinarstvi 2012;62:417-419.

V posledni dobé se zvySuje zajem o welfare kojicich pras-
nic a selat z pohledu ustajeni. Rada studii potvrdila, ze porod-
ni klece zplsobuji utrpeni kojicich prasnic, a tim padem maji
negativni dopad na uroven jejich welfare. Nékteré evropské
zeme jiz legislativné chov kojicich prasnic v porodnich kle-
cich zakazali (Svédsko, Svycarsko a Norsko), nékteré zemé
prochazi pripravou na jejich omezeni (Rakousko). V ekologic-
kém zemédélstvi legislativa Evropské unie chov kojicich
prasnic v klecich vylu€uje. Lze proto prfedpokladat, ze i u kon-
venénich chovl se tato problematika bude postupné fesit na
urovni celé Evropské unie. Pfispévek uvadi prehled studii,
které porovnavaiji vliv ustajeni prasnic béhem laktace v porod-
nich klecich a ve volném ustajeni na jejich matefské chovani
a mortalitu selat. Zaméfuje se na oblasti, které jsou povazo-
vany za kli€ové z hlediska zabezpeceni dobré zivotni pohody
prasnic. Souasné zaméfuje pozornost na hlavni faktory,
které ovliviiuji mortalitu selat.

Uvod

Produkce zdravych zivotaschopnych selat je zakladni podmin-
kou prosperujiciho chovu prasat. Vysoka mortalita selat po poro-
du pohybujici se mezi 10-30 %' predstavuje v chovech prasat,
v celosvétovém méfitku, stale vazny ekonomicky problém. Vedle
ekonomického problému se jedna o zavazny problém welfare,
ktery byva ¢asto opomijen. Jednim z ddivodl zavedeni porodnich
kleci do praxe bylo snizeni ztrat z divodu zalehnuti selat prasni-
ci. Nicméné v poslednich letech bylo v porovnavacich studiich
zjisténo, ze celkova mortalita selat v porodnich klecich a ve vol-
ném ustajeni je shodna, Iisi se pouze pficiny uhynu selat.2® Na
druhé strané néktefi autofi dosli k zavéru, ze ustajeni v porod-
nich klecich ma negativni dopad na uUroven welfare prasnic,
protoze porodni klec neumoznuje prasnici volny pohyb, stavbu
hnizda a komunikaci se selaty po porodu.3*

Vyznam stavby hnizda
na welfare prasnic a produkci selat

Ve volné pfirodé se prasnice 1-2 dny pfed porodem vzdali
od ostatnich prasnic a vyhleda chranéné misto, kde pomoci
materidlu, ktery ma na misté k dispozici (trava, vétve, kapradi-
ny aj.) postavi pro selata hnizdo.® Toto chovani nebylo domes-
tikaci zménéno,>¢ a proto i prasnice, ustajené v klecich nebo
volnych kotcich, vykazuji v pridbéhu 48 hod. pfed porodem
zvySenou miru lokomoce’ a asi 12 hod. pfed porodem si stavi
hnizdo.® Pokud prasnice nemaji k dispozici vhodny material
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SUMMARY

MeliSova M., lllmannova G., Chaloupkova H. Housing of
lactating sows: welfare of sows and mortality of piglets.
Veterinarstvi 2012;62:417-419.

There is a recent increase of interest in welfare of lactating
sows and piglets in terms of housing system. Several studies
have confirmed that the farrowing cages cause suffering of
lactating sows, and thus have a negative impact on their wel-
fare. Some countries in Europe have already banned housing
of lactating sows in the farrowing crates (Sweden, Switzerland
and Norway) and some countries are currently in the process
of its limitation (Austria). In organic farming, rearing of lactating
sows in the farrowing cages is not compatible with European
Union legislation. It is therefore possible to assume that this
issue will be soon addressed also for crated sows at the
European Union level. The paper presents an overview of
important studies that compare the influence of housing system
(farrowing crates and loose-housing) in lactating sows on their
maternal behavior and piglet mortality and focuses on areas
that are considered essential to the good welfare of sows and
also addresses important factors that affect piglet mortality.

pro stavbu hnizda, Ize u nich pozorovat chovani, které miizeme
nazvat stavéni hnizda na prazdno.® Absence stavebniho mate-
ridlu méla za nasledek prodlouzeni porodu, vy$Si pocet mrtvé
narozenych selat a celkové mortality, stereotypni chovani,
vys$Si hladiny stresového hormonu kortizolu a vySsi frekvenci
pulzu srdce ve srovnani s prasnicemi, které stavebni material
k dispozici pfed porodem mély.">"" Nékteré studie zkoumaly,
ktery material je vice ¢i méné vhodny pro stavbu hnizda. Bylo
prokazano, ze i piliny lze vyuzit jako vhodny material, ktery
naplni potfebu prasnic stavét hnizdo bez negativnich nasledk
pro prasnici Ci selata, ackoliv s pilinami ma prasnice omezenou
moznost manipulace (nelze z nich vystavét funkéni hnizdo).
Piliny Ize tak pouzit jako vhodny material tam, kde uziti slamy
neni mozné z technickych diivodd.?

Ve volnosti hnizdo slouzi selatim jako ochrana pred chladem,
navic mékkeé podlozi hnizda chrani selata pfed moznym zalehnu-
tim. Také v chovech domacich prasat je nutné, aby podestylka
simulujici hnizdo slouzila jako termoregulacni ochrana selat po
narozeni, protoze novorozena selata se drzi prvnich 24 hodin
v blizkosti matky a teprve pozdéji zacnou vyuzivat prostor uréeny
pro selata s vyhfevnou lampou nebo podlozkou.'®

Otazku dispozice materialu na stavbu hnizda pfed porodem
oSetfuje Smérnice 2001/93/EC, ktera uvadi: V tydnu pred oce-
kavanym porodem musi prasnice a prasni¢ky dostat v dosta-
te€ném mnozstvi vhodny podestylkovy material, pokud to
umoziuje systém odstranovani tuhych a tekutych vykald po-
uzivanych v zafizeni. Bylo nicméné zjisténo, ze pokud jsou
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porodni klece ¢astetné nebo plné zaroStované, pak podestyl-
ka neni v praxi prasnicim bézné poskytovana.' Prasnice v kle-
cich tak nemohou pIné uspokojit silnou motivaci stavét hnizdo,
a to nejen kvdli nedostatku prostoru, ale i materialu. Ve volném
ustajeni, kde ma prasnice k dispozici vétsi prostor, se Ize vyva-
rovat zacpani rostll podestylkou rozdélenim porodniho kotce
na dvé ¢asti, tj. jednu ¢ast ponechat celorostovou a bez pode-
stylky (prasnice zde kali a v pfipadé potfeby se mliZe ochladit),
druhou ¢ést s pevnou podlahou a s podestylkou (pro stavbu
hnizda a odpocinek). Tyto dvé oblasti mohou byt oddéleny
nejen opticky, ale i pfimo nizkou pfepazkou, ktera zcela zame-
zi pfistupu podestylky na rosty, nicméné prasnice ji mGze bez
problému prekrocit (tento design volného ustajeni je v soucas-
né dobé testovan v Norsku).

s Ve

Chovani prasnic pfi uléhani
— riziko pro selata?

Jednou z hlavnich obav chovatelll z volného ustajeni je
matefské chovani souvisejici se zalehavanim selat vlastni
matkou, které je povazovano za hlavni pfiinu uhynu selat.?
Nejcastéji k zalehavani selat dochazi v prabéhu prvnich dvou
dnll po porodu v situacich, kdy prasnice méni polohu.' V pfi-
padeé, ze prasnice ma dostatek volného prostoru, provadi pfed
ulehnutim charakteristické tzv. pfedlehaci chovani.'® Predlehaci
chovani (ryti, hrabani predni koncetinou, ocichavani selat
a chrochtani) by mohlo fungovat jako signal selatim dostat se
véas z dosahu téla prasnice.'”” Nicméné nova studie autor(i
MeliSova a kol. (2011) ukazala, ze vy$Si frekvence predlehaci-
ho chovani zplsobila naopak pfiblizeni selat k prasnici, avSak
blizkost selat u prasnice nesouvisela s mirou zalehnuti.
Prasnice pfi uléhani nejprve pokréi prfedni koncéetiny v zapést-
nich kloubech, nékolik sekund setrva v této pozici a teprve
potom pomalu sesune zbytek téla na zem."® Z tohoto dlvodu
je nezbytné, aby prasnice méla zdravy pohybovy aparat.

V pfipadé, Ze dojde k pfilehnuti nebo pfislapnuti selete, sele
zacne okamzité vyrazné vokalizovat a matka na tyto vysoko-
frekvenéni zvuky reaguje, a to bez rozdilu na pouzitou techno-
logii ustajeni’®. Pokud prasnice zareaguje a zméni polohu do
zhruba jedné minuty, sele prezije.2® S prodlouzenim casu
reakce prasnice se snizuje pravdépodobnost preziti selete.

Ustajeni a mortalita selat

Rozsahlé studie porovnavaly mortalitu selat v porodnich kle-
cich a volnych porodnich kotcich o velikosti alespor 5 m?2na 860
Svycarskych farmach® a na 112 farmach ve Velké Britanii.2 Obé
studie dospély k zavéru, ze ve volném ustdjeni je sice mirné
vysSi pravdépodobnost zalehnuti selat prasnici, nicméné uhyn
selat, zplisobeny jinymi pfi¢inami nez zalehnutim (vyhladoveé-
nim, nemocemi aj.), je naopak vyS$Si v klecovém ustajeni.
Konkrétné u Svycarskych farem byla celkova mortalita selat na
vrh v porodni kleci 1,42 a ve volném porodnim kotci 1,40 selete.
U britskych farem jsou udaje uvadény v procentech: celkova
mortalita v porodni kleci byla 11,7 %, ve volném ustajeni 10,9 %.
Procento zalehlych selat v porodni kleci 4,6 % versus volny
porodni kotec 6 % a procento Uhynu zplsobeného jinymi pFici-
nami v porodni kleci 6,7 % versus volny porodni kotec 4,4 %.

Ve stejné studii byla také testovana kombinace obou zpuso-
bl ustajeni — prasnice byla pfed, béhem a prvnich dnd po
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porodu ustajena v porodni kleci a po zbytek laktace byla usta-
jena volné (tuto kombinaci ustajeni pouziva 33 % farem ve
Velké Britanii; je povolen u problémovych prasnic ve Svédsku,
Svycarsku a Norsku). U kombinovaného ustajeni byla mortalita
selat nejvy8Si druhy a tfeti den po porodu. Skutecnost, ze
u klecového a volného ustajeni byla mortalita nejvyssi prvni
den, naznacuje, ze kombinované ustajeni jen Casové uhyn
selat oddalilo.?2 Existuje zde totiz fada vyznamnych faktora,
které uréuji mortalitu selat. Jednak selata o nizké porodni vaze
jsou zalehnuta s vétsi pravdépodobnosti,'® pficemz post-mor-
tem analyzy ukazuji, Zze vétSina zalehnutych selat nema
v bojich o struky se svymi sourozenci. Tato vyhladovéla selata
jsou pravdépodobné ve volném ustajeni zalehnuta prasnici
kratce po porodu, v porodni kleci uhynou nasledkem vyhlado-
véni az pozdéji.® Je také znamo, ze kondice selat je silné
ovlivnéna velikosti vrhu, se zvySujici se velikosti vrhu dochazi
i ke zvySeni mortality selat.? Snizenim selekéniho tlaku na
Slechténi prasnic za ucelem dosazeni co nejvy$siho mozného
poctu selat ve vrhu by bylo mozno dosahnout snizeni mortality
selat, coz by vedlo ke zlepSeni urovné welfare selat, nebot
selata pred uhynutim prozivaji pocity bolesti a utrpeni.

DalSim vyznamnym faktorem, uréujicim pravdépodobnost

x 2, Al et ; e 3 X
Volné ustajeni Norsko (foto Michala MeliSova)

mortality, je télesna teplota po narozeni. Novorozenda selata
nemaji zcela vyvinutou termoregulaci, a proto je extrémné
dalezité, aby se napila mléka ihned po porodu. Podchlazené
sele ma mensi 8anci nalézt struk a koordinovat své pohyby,
a pravé nizka porodni hmotnost a nizka télesna teplota dvé
hodiny po porodu je rozhodujici pro schopnost selete vyhnout
se zalehnuti prasnici ¢i Uhynu, zplsobeného vyhladovénim
nebo zranénim, a to bez rozdilu vlivu technologie ustajeni. Lze

pravdépodobnost, Ze sele uhyne.?!

Agresivita prasnic vici
selatim a oSetrovateli

U prasnic po porodu se bez rozdilu v pouzité technologii usta-
jeni mdze objevit agresivni chovani jak vaci selatim, tak i oSet-
fovateli. Utoéné chovani prasnice vi&i selatdim se objevuje
zejména u prvorodiek. PFiciny tohoto chovani nejsou pfilis
jasné, jeho vyskyt je nizky (5-8 % prasnic) a pravdépodobné
jednim z davodd tohoto chovani je stres a Uzkost prasnice
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z novorozenych selat. V pfirozeném prostfedi se prasnice se
selaty asi po dvoutydenni izolaci v obdobi porodu vraci k plvod-
ni skupiné prasnic, kde se prasnicky maji moznost setkat se
selaty, aniz by samy rodily, coz kontrastuje se situaci ve vétsi-
né konvenénich chovl. Agrese prasnice vi¢i oSetfovatellm
vychazi zfejmé ze zvySené materské obranné reakce po porodu.
Bylo zjiSténo, Ze tato agrese je konzistentni, tj. opakuje se i v roz-
péti nékolika laktaci za sebou. Ve volném ustéjeni, kde by s pfi-
padnou agresivitou prasnice mohl vzniknout problém, je proto
vhodné vyradit agresivni prasnice po prvni laktaci z chovu.?

Ekonomika chovu

VolIné ustajeni musi byt konkurenceschopné i z hlediska ren-
tability chovu, ktera je rozhodujici pro chovatele a promitne se
v cenach finalniho produktu, bohuzel ale existuje velmi malo
srovnavacich studii zamérenych na ekonomiku chovu. Ve studii
provedené ve Velké Britanii®® bylo zjisténo, ze celkové naklady
na jednu prasnici ve volném ustajeni (zahrnujici naklady na
design ustajeni, material, stavbu ustajeni, veSkeré vybaveni
ustéjeni, jako jsou podlahy, napajecky atd. a veSkeré provozni
naklady) jsou o 17 % vySSi nez v klecovém ustajeni. Pocet
pracovnich hodin o$etfovatele na prasnici a rok byl v obou
ustéjenich srovnatelny (volné ustajeni: 7 hod./prasnice/rok,
klecové ustdjeni: 7,2 hod./prasnice/rok). Je nutné ale zdlraznit,
ze do této kalkulace nejsou zahrnuty vSechny aspekty volného
ustajeni, jako je pozitivni vliv na zdravi a potazmo dlouhovékost
prasnic, stejné tak na zdravi a pfirastky selat a kvalitu masa po
porazce.?*

Zaver

Prasnice ustajené v porodnich klecich nemaji moznost pro-
jevit své pfirozené chovani, a to jak v dobé pfed porodem, tak
i po porodu, coz ma silny negativni vliv na jeji welfare. Volné
ustajeni je z hlediska hodnoceni mortality selat s klecovym
ustajenim srovnatelné, ovSem diky vétSimu zivotnimu prostoru
umozriuje prasnici uspokojit fadu jejich zakladnich etologic-
kych potfeb spojenych s porodem a péc&i o potomstvo. Déle
také dovoluje prasnici vice fyzického pohybu, coz ma pozitivni
vliv na jeji zdravotni stav. Pro spravné vyuziti volného ustajeni
uvadime tato doporuceni:

Porodni kotec by mél byt vystlany podestylkou (slama, piliny
aj.) pro stavbu hnizda a termoregulaci novorozenych selat.

Prasnici by mél byt poskytnut dostate¢ny prostor na otaceni
a moznost provadét predlehaci chovani.

Chovatel by mél vybrat pro chov matky s dobrym matefskym
chovanim, tj. zdravé, které mohou spravné vstavat a uléhat
a nejsou agresivni vQci oSetfovateli.

Je tfeba kontrolovat kondici selat po narozeni (pfikladat sela-
ta ke struklim aj.).
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