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1. Allgemeine Einleitung

1.1 Problemstellung

Die Domestikation des Hausschweins (Sus scrofa domesticus) begann vor circa
9.000 Jahren. Genetischen Analysen zufolge stammt das Hausschwein vom
Wildschwein (Sus scrofa) ab, wobei das Europaische Wildschwein (Sus scrofa
scrofa) und das Ostasiatische Wildschwein (Sus scrofa vittatus) unabhangig
voneinander domestiziert wurden (Giuffra et al.,, 2000). Erst ab dem 18.
Jahrhundert kam es zu einer Zusammenfuhrung der domestizierten Formen
(Giuffra et al., 2000). Die Zuchtgeschichte von Schweinen, bei der schon immer
die Fleischproduktion im Mittelpunkt stand, begann Ende des 18. Jahrhunderts in
England (William und Simianer, 2011). Im Laufe der Industrialisierung wuchs der
Wohlstand der Bevdlkerung stetig an, wodurch gleichzeitig die Nachfrage nach
(Schweine-)Fleisch anstieg. Dies hatte ab der Mitte des 20. Jahrhunderts eine

Intensivierung der Landwirtschaft und somit auch der Schweinehaltung zur Folge.

Infolge der Domestikation und Zucht auf einige bestimmte Merkmale entstanden
beim Hausschwein (Jensen, 2014; Price, 2002; Réhrs und Kruska, 1969), wie auch
bei anderen domestizierten Nutztierarten (z.B. Dudde et al., 2018; Hare et al.,
2002; Jensen, 2014; Price, 2002), Unterschiede zu den wilden Vorfahren
hinsichtlich der Anatomie, der Physiologie und des Verhaltens. Des Weiteren stellt
heute die durch die Domestikation und insbesondere durch die Intensivierung der
Landwirtschaft veranderte Haltungsumwelt einen Unterschied zwischen dem
Haus- und Wildschwein dar. Das Verhaltensrepertoire hat sich jedoch auch nach
der Domestikation und Jahren der Zucht nicht wesentlich gedndert (Jensen, 1986;
Stolba und Wood-Gush, 1989), die Haufigkeiten des Auftretens einzelner
Verhaltensweisen jedoch schon. Schweine, die in einer restriktiven und reizarmen
Haltungsumwelt untergebracht werden, konnen ihre natirlichen Verhaltensweisen,
wie das intrinsische Explorationsverhalten, nicht oder nur zu einem gewissen
Mal3e ausliiben, was zu Stress oder Frustration bei den Tieren fuhren kann.
Anhand sogenannter ,Coping-Strategien“ (Bewaltigungsstrategien) versuchen
sich Tiere an Stressoren aus der Haltungsumwelt anzupassen (Folkman und
Lazarus, 1988; Koolhaas et al., 1999). Dabei besitzen domestizierte Schweine

individuelle Strategien, um auf Stress in der Haltungsumwelt zu reagieren (Hessing
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et al., 1993). Wenn den Tieren die Anpassung an auftretende Stressoren nicht
gelingt, konnen Verhaltensanomalien entstehen. Die beim Hausschwein
bekannteste Verhaltensanomalie ist das Schwanzbei3en. Es tritt vermehrt dann
auf, wenn Schweine in einer reizarmen Umwelt, beispielsweise in konventionellen
Stallen mit Spaltenbéden, gehalten werden, kann jedoch zahlreiche Ursachen
haben (Brunberg et al., 2016; Schragder-Petersen und Simonsen, 2001). Von
Schwanzbeil3en ist dann die Rede, wenn ein Schwein den Schwanz eines anderen
Schweines mit dem Maul aufnimmt und daran kaut, sodass daraus Wunden
hervorgehen kdnnen (D'Eath et al., 2014; Day et al., 2002; Schrgder-Petersen und
Simonsen, 2001; Schrgder-Petersen et al., 2010). Diese Verhaltensanomalie tritt
besonders haufig bei Hausschweinen in konventionellen Haltungssystemen auf,
wurde aber auch bei Schweinen unter ©kologischen Haltungsbedingungen
beobachtet (Hansson et al., 2000). Bisher sind keine Studien bekannt, die
Schwanzbeil3en bei Wildschweinen nachweisen, wodurch die Verhaltensanomalie
ein Problem der Haltung domestizierter Schweine zu sein scheint. Schwanzbeilen
hat sowohl fur das Tier selbst, als auch fur den Tierhalter Folgen. Bei Schweinen,
die Opfer von Schwanzbeilen werden, konnen unmittelbare Verletzungen
entstehen sowie Schmerzen und Einschrankungen des Wohlbefindens. Fur den
Tierhalter kann ein starkes Auftreten von Schwanzbeil3en zu wirtschaftlichen
Verlusten fuhren, aufgrund einer erhdhten Mortalitdt oder einer verringerten
Qualitat des Schlachtkérpers. Eine bislang oftmals praventiv angewandte
MalRnahme gegen Schwanzbeilen bei Schweinen ist das Kupieren des
Schwanzes, was in der Europaischen Union gesetzlich verboten und aus
Tierschutzgriinden kritisch zu betrachten ist. Daher missen Verfahren gefunden
werden, wie unkupierte Schweine artgerecht gehalten werden kdnnen und wie
anhand einer Anreicherung der Haltungsumwelt artspezifisches Verhalten, wie das
Explorationsverhalten, geférdert werden kann. Bestens geeignet sind dafir
Haltungssysteme mit Langstroheinstreu (Bolhuis et al., 2005; Fraser et al., 1991;
Peeters et al., 2006; Van de Weerd et al., 2006). Jedoch werden mit einem Anteil
von 91,8% die meisten Schweine in Deutschland auf Spaltenbdéden gehalten
(BMEL, 2010). In diesen Haltungssystemen konnen langfaserige Materialien
Probleme hinsichtlich der Entmistung verursachen, indem Rohrleitungen

verstopfen. Es besteht somit die Notwendigkeit, Beschaftigungsmaterialien zu
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finden, die das Explorationsverhalten von Schweinen steigern und gleichzeitig mit
dem Gullesystem konventioneller Stalle kompatibel sind.

In dieser Arbeit wurde konventionell gehaltenen, unkupierten Schweinen in der
Aufzucht und Mast anhand eines Beschéaftigungsturms mit Wuhlbereich die
Maoglichkeit geboten, ihr natirliches Explorationsverhalten auszuiben, indem
ihnen in unterschiedlichen Wechselintervallen verschiedene organische und
gullekompatible Beschéaftigungsmaterialien angeboten wurden. Dabei wurden
unter anderem neuartige Beschaftigungsmaterialien untersucht, die hinsichtlich
Struktur und Aroma variierten. Die Explorationszeit der Tiere an den
Beschaftigungstirmen wurde anhand von ,Ultra High Frequency Radio-Frequency
Identification” (UHF-RFID) kontinuierlich Gber die gesamte Haltungsdauer erfasst
und ausgewertet, was in anderen Studien in dieser Form bisher erst selten
durchgefuihrt wurde. Ziel dabei war die Identifikation von attraktivem
Beschaftigungsmaterial fir Schweine, das zu einem Anstieg der Explorationszeit
fuhrt und nachhaltig attraktiv bleibt. Somit sollte das als attraktiv identifizierte

Beschaftigungsmaterial zur Reduktion von Schwanz- und Ohrschaden beitragen.

1.2 Kenntnisstand

1.2.1 Verhalten und Sinnesleistung von Schweinen

Das Explorationsverhalten von Schweinen dient sowohl dem Auffinden von
Nahrung, als auch zur Erkundung des Lebensraumes (Day et al., 1995), was die
Wichtigkeit dieses Verhaltens untermauert. In Freilandhaltung verbringen
domestizierte Schweine Uber 54 % der Tageslicht-Zeit mit dem Ausuben von
Explorationsverhalten (Rodriguez-Estévez et al., 2009). Schweine zahlen zu den
sogenannten Makrosmaten, die sich durch einen sehr gut ausgepragten
Geruchssinn auszeichnen. Der Geruchssinn wird zur Futtersuche, dem Erkennen
fremder Artgenossen, dem Aufspliren von Fressfeinden und zur Festlegung
territorialer Grenzen genutzt (Kittawornrat und Zimmerman, 2011). Dartber hinaus
haben Schweine einen gut ausgepragten Geschmackssinn. Sie bevorzugen siif3en
Geschmack (Baldwin, 1976; Glaser et al., 2000; Hellekant und Danilova, 1999;
Kennedy und Baldwin, 1972; Tinti et al., 2000) und vermeiden bitteren Geschmack

(Nelson und Sanregret, 1997; Tinti et al., 2000). Diese Geschmackspraferenzen
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koénnten den Vorteil bieten, dass energiereiche Nahrung bei der Futtersuche
bevorzugt aufgenommen wird und bittere Nahrung, die mit giftigen Pflanzenteilen
assoziiert sein kénnte (Glendinning, 1994, Li und Zhang, 2014), vermieden wird.
Sowohl der Geruchs- als auch der Geschmackssinn spielen neben der mit
zahlreichen Nerven besetzten Russelscheibe bei der Nahrungssuche eine
besonders grol3e Rolle. Indem Schweine mit ihrem Russel die obere Bodenschicht
durchwuihlen, spuren sie Uber ihr Riechorgan fressbare Bestandteile auf, die sie
mit der Russelscheibe ertasten. Der Riussel von Schweinen ist daher anatomisch
besonders markant, wahrend die Augen vergleichsweise klein erscheinen. Das
Sehvermogen von Schweinen ist weniger gut ausgepragt und durch den héheren
Anteil von Stabchen im Vergleich zu Zapfen (Braekevelt, 1983) an das Sehen in
der Dammerung angepasst. Wildschweine adaptieren ihre Aktivitatsphase
abhangig von Stérungen durch den Menschen (z.B. wahrend der Jagdsaison oder
in der N&he von Wohngebieten) an die Hell- bzw. Dunkelphase (Ohashi et al.,
2012). Im Laufe der Domestikation hat sich der Tagesrhythmus der Hausschweine
an den des Menschen angepasst, weshalb sie ihre Hauptaktivitat am Tag zeigen
(Fraser et al.,, 1991; Lyons et al., 1995; Olsen et al., 2000). Schweine
kommunizieren durch verschiedene Laute miteinander, die sich je nach Situation
(Tallet et al., 2013) und Emotion (Dupjan et al., 2008; Schrader und Todt, 1998)
voneinander unterscheiden. Dies setzt ein gutes Horvermdgen von Schweinen
voraus, was ihnen das Horen im Bereich von 42 Hz bis 40.500 Hz ermdglicht
(Heffner und Heffner, 1990). Dadurch héren sie im selben Frequenzbereich wie
zum Beispiel der Mensch, nehmen jedoch zusatzlich auch héhere Frequenzen

wabhr.

1.2.2 Risikofaktoren fir Schwanzbeillen

Nach aktuellem Stand der Forschung liegen im Schwein bereits tierbezogene
Risikofaktoren (Rasse, Wachstum, Geschlecht, Gesundheit) fir Schwanzbeif3en
vor, welche in Tabelle 1.1 dargestellt sind. Zusatzlich stellt aber auch die
Haltungsumwelt (Futterung, Platzangebot, Gruppengrolie, Klima,
Management/Haltung und Zugang zu Beschéftigungsmaterial) ein Risikofaktor flr
das grof3te Verhaltensproblem in der Schweinehaltung dar (Tabelle 1.2). Auf die

Risikofaktoren fur Schwanzbeil3en wird im folgenden Abschnitt eingegangen.
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Dabei wird die Haltungsumwelt als Risikofaktor unter Berlcksichtigung der
Unterschiede zwischen Haus- und Wildschwein betrachtet.

1.2.2.1 Tierbezogene Risikofaktoren beim Schwein

Die gezielte Zucht auf bestimmte Merkmale setzt den Einsatz bestimmter Rassen
voraus, die unterschiedliche Pravalenzen fur SchwanzbeiRen besitzen. In einem
Vergleich waren Schweine der Rasse Yorkshire haufiger Opfer von
Schwanzbeil3en als die der Rasse Landrasse (Sinisalo et al., 2012). Wohingegen
bei der Landrasse im Vergleich zu Large White haufiger Schwanzbeil3en auftrat
(Breuer et al., 2005) und die Rasse Duroc mehr BeiRverhalten an
Buchtengenossen zeigt, als Landrasse und Large White (Breuer et al., 2003). Die
Heritabilitat von Schwanzbeif3en bei der Landrasse ist mit 0,27 moderat vorhanden
(Breuer et al., 2005). Darlber hinaus wurde festgestellt, dass Schwanzbeif3en mit
Leistungsparametern korreliert (Breuer et al., 2005). So neigen magere Schweine
der Rasse Landrasse eher zu Schwanzbeil3en als fette (Breuer et al., 2005) und
bei Schweinen mit geringer Riickenspeckdicke wurde vermehrt Schwanzbeil3en
festgestellt im Vergleich zu Schweinen mit erhéhter Rickenspeckdicke (Moinard
et al., 2003). Oft werden in der Ferkelerzeugung Piétrain Eber eingesetzt, die einen
hohen Magerfleischanteil und eine geringe Fettauflage vererben. Aufgrund von
Verbrauchererwartungen sollte ein Schlachtkdrper diese Eigenschaften
mitbringen, jedoch wird dadurch Schwanzbeil3en beglnstigt. Ein weiteres
Zuchtziel sind hohe tagliche Zunahmen, wodurch das Wachstum und gleichzeitig
der Stoffwechsel der Schweine ansteigt. Ursinus et al. (2014) fanden heraus, dass
hohe Gewichte, ein schnelles Wachstum und groBe WurfgroRen das
Schwanzbeil3en bei Schweinen beginstigen. Die Autoren vermuten einen
Zusammenhang mit der verwendeten Genetik (Landrasse-Kreuzung) und dass die
Selektion auf diese drei Merkmale eine Zunahme von Verhaltensdnderungen
verursacht haben konnte. Eine mdgliche Erklarung fir den Zusammenhang
zwischen Wachstum und Schwanzbeil3en kdnnte zudem ein hoher metabolischer
Umsatz sein (Ursinus et al., 2014), der den Stoffwechsel der Tiere belastet. Grol3e
Wirfe gehen aulRerdem meist mit geringen Einzeltiergewichten und geringen

Zunahmen einher. Beattie et al. (2007) stellten bei Ferkeln, die vermehrt
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Schwanzbeil3en zeigten, geringere Zunahmen von der Geburt bis zum Absetzen
und geringere Absetzgewichte fest, als bei Ferkeln, die wenig Schwanzbeil3en
zeigen. Sie vermuten, dass Schweine, die vermehrt SchwanzbeiRverhalten
ausfuhrten, ein Nahrstoffdefizit aufwiesen, was zu einem erhohten
Futtersuchverhalten fuhrte, das gegen Artgenossen gerichtet wurde. Neben
Leistungsparametern kann auch das Geschlecht der Schweine einen Einfluss auf
die Pravalenz von Schwanzbeillen haben, wobei Untersuchungen zu
unterschiedlichen Ergebnissen kamen. In Schrgder-Petersen et al. (2010) trat
Schwanzbeien bei Schweinen mit kupierten Schwénzen haufiger in
gemischtgeschlechtlichen Gruppen als in getrenntgeschlechtlichen Gruppen auf.
In gemischtgeschlechtlichen Gruppen wurde das Beil3verhalten tendenziell
vermehrt gegen das entgegengesetzte Geschlecht gerichtet, dabei zeigten die
weiblichen Tiere mehr Beil3verhalten als die kastrierten mannlichen Tiere, jedoch
konnte kein signifikanter Unterschied zwischen den Geschlechtern festgestellt
werden (Schrgder-Petersen et al., 2010). Im Gegensatz dazu beobachteten
Hunter et al. (2001) bei Schweinen mit unkupierten Schwanzen mehr
Schwanzbeil3en in getrenntgeschlechtlichen Gruppen, wahrend bei Schweinen mit
kupierten Schwanzen kein Unterschied zwischen den getrennt- und
gemischtgeschlechtlichen Gruppen festzustellen war. Zudem waren kastrierte
mannliche Schweine in gemischtgeschlechtlichen Gruppen haufiger Opfer aber
auch Tater von Schwanzbeif3en als weibliche Schweine (Van de Weerd et al.,
2005). Zonderland et al. (2010) fanden bei Untersuchungen mit unkupierten
Schweinen heraus, dass in Gruppen mit ausschlief3lich weiblichen Tieren schneller
eine 40% Grenze von am Schwanzbeif3en betroffenen Schweinen erreicht wurde
als in rein mannlichen und gemischtgeschlechtlichen Gruppen. Ein schlechter
Gesundheitsstatus von Schweinen kann die Pravalenz fir Schwanzbei3en
erhdhen. So sind Atemwegserkrankungen, welche unter dem Procine Respiratory
Disease Complex (PRDC) zusammengefasst werden, oder eine hohe Mortalitat
abgesetzter Ferkel Risikofaktoren fur das Auftreten von Schwanzbeif3en (Moinard
et al., 2003). Die Gesundheit der Schweine h&ngt eng mit der Haltungsumwelt der

Tiere zusammen, worauf im nachsten Kapitel eingegangen wird.
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Tabelle 1.1 Ubersicht der tierbezogenen Risikofaktoren fiir SchwanzbeiRen beim Hausschwein.

Parameter Risiko fur SchwanzbeiRen Literatur
Yorkshire > Landrasse Sinisalo et al. (2012)
Rasse Landrasse > Large White Breuer et al. (2005)

Duroc > Landrasse, Large White

Breuer et al. (2003)

Leistungsparameter

Mager
Geringe Rickenfettdicke
Hohes Gewicht, schnelles Wachstum, groRe Wirfe

geringe Zunahmen, geringes Absetzgewicht

Breuer et al. (2005)
Moinard et al. (2003)
Ursinus et al. (2014)
Beattie et al. (2007)

Geschlecht

Gemischtgeschlechtlich (kupiert)

Getrenntgeschlechtlich (unkupiert)

Opfer: Kastraten > weibliche Schweine
Tater: Kastraten > weibliche Schweine

Schrgder-Petersen et al.
(2010)

Hunter et al. (2001)

Van de Weerd et al.
(2005)

Gesundheitsstatus

Atemwegserkrankungen
Mortalitat abgesetzter Ferkel

Moinard et al. (2003)

1.2.2.2 Haltungsumwelt-bezogene Risikofaktoren

Die Haltungsumwelt der Schweine nimmt direkten Einfluss auf die Mdglichkeit,
arttypisches Verhalten zu zeigen und somit auch auf deren Wohlergehen.
Haltungsumwelt-bezogene Faktoren, die einen Risikofaktor fir SchwanzbeiRen
darstellen, sind in Tabelle 1.2 dargestellt. So zeigen abgesetzte Ferkel reduzierte
Zunahmen sowie vermehrt Krankheitssymptome, wenn sie mehrmals taglich einer
Zugluft mit einer Luftgeschwindigkeit von durchschnittlich 0,99 m/s ausgesetzt
waren (Scheepens et al., 1991). Des Weiteren wird ein Zusammenhang zwischen
Zugluft und SchwanzbeiRen vermutet (D'Eath et al., 2014). Diese Erkenntnisse
zeigen, dass das Klima in der Schweinehaltung eine grof3e Rolle spielt. Zudem
zeigte sich auf Betrieben, bei denen die Ammoniakkonzentration in den Stallen
Uber 10 ppm lag, eine hohere Pravalenz fir Schwanzbeil3en als Betriebe die
unterhalb dieser Grenze lagen (Scollo et al., 2016). Scollo et al. (2017) wiesen
sogar bereits bei Ammoniakkonzentrationen tber 2,7 ppm eine héhere Préavalenz
von Schwanzbeillen nach. Zudem wurden mit steigenden Temperaturen
(zwischen 23 und 30°C) in den Aufzuchtbuchten eine Zunahme der Pravalenz von

Schwanzbeil3en wahrend der Mast festgestellt (Smulders et al., 2008).
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Tabelle 1.2 Der Haltungsumwelt von Hausschweinen zugeordnete Parameter, die einen Risikofaktor

fur Schwanzbei3en darstellen und Kennwerte der Haltungsumwelt von Haus- und Wildschweinen.

Parameter Wildschwein Hausschwein
Kennwert Literatur Kennwert Risikofaktor Literatur
Abhéngig von der NHs > 10 ppm Scollo et al. (2016)
i Saison NHs > 2,7 ppm Scollo et al. (2017)
ima
Hohe Temperaturen  Smulders et al.
(Aufzucht) (2008)
Omnivore Rodriguez- Alleinfutter
Ernahrun Estévez et (Phasen-
g al. (2009) futterung)
Trockenfltterung > Smulders et al.
Nassfiitterung (2008)
Einzelplatz-Futterung
oder Bodenfitterung
> Futterautomaten Hunter et al. (2001)
Futterung mit zwei oder mehr
Futterplatzen
Futteraufnahme: Fressdauer: 67,0
11,3 % der min pro Tier und Hyun et al. (1997)
Beobachtungszeit, Tag
Futtersuche: Blasetti et
0,
11,3 % der . al. (1988) 68,8 min pro Tier Brown-Brandl et al.
Beobachtungszeit
? und Tag (2013)
(Scan sampling
Uber ein Jahr)
Dardaillon vVoll- oder
Wald sowie daran  (1986), Teilspalten bei
angrenzende Massei und P BMEL (2010)
. 91,8 % der
Felder und Wiesen Genov Haltunasplitze
(2004) gsp
Hoher Anteil an Smulders et al.
Spaltenboden (2008)
Newberry .
Saugezeit: und Wood- OSSO
Wochen nach
9-14 Wochen Gush der Geburt
(1985)
Management .
Fruhes Absetzen (12
und Haltung Tage nach der agg)é(;u etal.
Geburt
Heterogene
Gewichte Scollo et al. (2016)
0,4 m? (bei 30-50
Revier: 104,4 ha I(_zeéggl) etal. kg), 0,65 m? (bei gagg)OSMZO/EG
95-110 kg)
Hohe Besatzdichte  Scollo et al. (2016)
Gruppen bis zu (Dardaillon, Kein Einfluss der Schmolke et al.
23 Tiere 1988) Gruppengroflle (2003)
Exploration Kein Beattie et al.
(Futtersuche und Day et al. Beschaftiounas- (1995)
Zugang zu Erkundung des (1995) — gung Fraser et al. (1991)
Beschafti- Lebensraums) Hunter et al. (2001)
gungs- Beschéftigungs-
material material als Van de Perre et al.
limitierte (2011)
Ressource




1.2 Kenntnisstand

Eine Folge des durch die Zucht auf Wachstumsleistung erh6hten Stoffwechsels
der Tiere war die Anpassung und Optimierung der Fitterung. Hauptbestandteil
heutiger Futtermittel sind Getreidesorten, wie Weizen oder Gerste, und
Leguminosen, wie Soja, die durch Mineral- und Proteinadditive erganzt werden.
Das Verflttern tierischer Proteine an Nutztiere ist gesetzlich verboten (VO (EG)
999/2001). Dabei zeigten Untersuchungen mit freilebenden Iberico
Mastschweinen, dass neben einer gro3en Menge an pflanzlichem Futter (Eicheln,
Gras, Straucher, Beeren, Stroh, Wurzeln, Holzer, Pilze) auch tierische (Aas,
wirbellose Tiere, Knochen) oder anorganische (Erde, Sand, Holzkohle, Steine)
Bestandteile in der omnivoren Ernahrung von Schweinen eine Rolle spielen
(Rodriguez-Estévez et al., 2009). Es wird vermutet, dass bei Futtermitteln mit
einem geringen Proteingehalt, in denen Aminosauren erganzt wurden, die Menge
und Qualitat des Proteins unzureichend fur eine normale Entwicklung von
Schweinen war und dadurch Schwanzbeif3en beglnstigen konnte (Brunberg et al.,
2016). Bei der Darreichung standardisierter Futtermittel kénnen aul3erdem

individuell auftretende Nahrstoffbedurfnisse nicht gedeckt werden.

Dabei zeigen gerade Schweine in Buchten mit Schwanzbeil3en eine geringere
Aminosauren-Konzentration im Blut, was auf eine geringere Nahrstoffabsorption
oder geringere Futteraufnahme durch erhéhten Stress zurtickzufihren sein kénnte
(Palander et al., 2013). In der Schweinehaltung wird in der Regel eine Trocken-
oder Nassfutterung eingesetzt. In einem Vergleich stellten Smulders et al. (2008)
jedoch fest, dass eine Trockenfltterung gegeniber einer Nassfitterung das Risiko
fur Schwanzbeil3en erhdht. Ebenso wurde bei einem Vergleich mehrerer Betriebe
ein erhohtes Risiko fir Schwanzbeil3en bei der Verwendung von Einzelplatz-
Futterautomaten oder Bodenfitterung ermittelt, wahrend die Verwendung von
Futterautomaten mit zwei oder mehr Futterplatzen im Vergleich ein geringeres
Risiko darstellten (Hunter et al., 2001). Dieser Trend lasst sich auch aus der
negativen Korrelation zwischen der Anzahl an Futterplatzen in der Aufzucht und
der Pravalenz fur Schwanzschéaden ableiten (Smulders et al., 2008). Schweine
haben eine grolRe Motivation, ihr Verhalten zu synchronisieren (Docking et al.,
2008; Hsia und Wood-Gush, 1983; Zwicker et al.,, 2015), weshalb eine
Einzeltierfitterung dem natirlichen Verhalten von Schweinen nicht entspricht und

zu einer Konkurrenz um die erwinschte Ressource fuhren kann (Young und
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Lawrance, 1994). In Gefangenschaft lebende Wildschweine verbrachten 11,9 %
der Beobachtungszeit mit der Futteraufnahme und 11,3 % mit Wihlen (Blasetti et
al., 1988). Durch die Vorlage auf den Bedarf abgestimmter Futtermittel verkirzt
sich die Zeit der Futtersuche und -aufnahme in den heutigen Haltungssystemen
jedoch enorm. So liegt die durchschnittiche Dauer der Futteraufnahme von
Mastschweinen bei 67,0 min pro Tier und Tag (Hyun et al., 1997), wobei diese mit
dem Alter der Tiere ansteigt (Brown-Brandl et al., 2013).Neben der Fitterung
haben sich auch Management und Haltung im Laufe der Zeit verandert. Die
Landwirtschaftsz&hlung im Jahr 2010 ergab, dass in Deutschland 91,8 % der
Haltungsplatze fur Schweine mit Voll- oder Teilspaltenbdéden ausgestattet sind
(BMEL, 2010). Arttypisches Verhalten wie Wihlen, Futtersuche oder Erkunden der
Umwelt kdnnen in solchen Haltungssystemen nicht ausreichend ausgeubt werden.
Dadurch kann das Auftreten von Verhaltensanomalien begunstigt werden, wie die
positive Korrelation zwischen dem Anteil an Spaltenboden in einer Bucht und dem
Risiko fur Schwanzbeil3en untermauert (Smulders et al., 2008). Eine weitere
Managementmalinahme, die die Pravalenz von Schwanzbeil3en beeinflusst, ist
das Absetzen der Ferkel. Hausschweine werden in der Regel mit einem Alter von
vier Wochen abgesetzt und von der Sau entwOhnt, wobei die S&ugezeit
domestizierter Schweine in einer semi-naturlichen Haltungsumwelt zwischen neun
und 14 Wochen (Newberry und Wood-Gush, 1985) liegt und bei frei lebenden
domestizierten Schweinen selbst 18 Wochen nach der Geburt noch beobachtet
wurde (Jensen und Recén, 1989). Gonyou et al. (1998) stellten fest, dass
Schweine mit einem Alter von 12 Wochen mehr Kauverhalten an ihren
Buchtengenossen zeigen, wenn sie 12 Tage nach der Geburt abgesetzt wurden,
als wenn das Absetzen nach 21 Tagen stattfand. Schwanzbeil3en konnte jedoch
auch bei den Ferkeln mit einer langeren Saugezeit nicht verhindert werden. Zu
diesem Ergebnis kamen auch Naya et al. (2019), die die Saugezeit von vier auf
funf Wochen erhdhten. Abgesetzte Ferkel werden in der Regel in gemischten
Gruppen mit gleichalten Tieren aufgezogen. Dabei wirken sich einheitliche
Gewichte auf Buchtenebene reduzierend auf SchwanzbeiRen aus (Scollo et al.,
2016). Die Zeit nach dem Absetzen stellt eine kritische Phase fir die Pravalenz
von Schwanzbei3en dar, hier wird die Verhaltensanomalie am héaufigsten
beobachtet (Abriel und Jais, 2013; Blackshaw, 1981; Jans-Wenstrup, 2018;
Schrader-Petersen et al., 2010; Veit et al., 2016).

10
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Es wird vermutet, dass sich frei lebende Wildschweine in einem Gebiet von 104,4
ha (was 1.044.000 m? entspricht) aufhalten, wo sie wahrend der Aktivitatsphase
durchschnittlich Strecken von 7,2 km zurtcklegen (Lemel et al.,, 2003). Die
Mindestanforderungen fur das Platzangebot von Schweinen in der Endmast (85
kg bis 110 kg Lebendgewicht) betragt 0,65 m? (Richtlinie 2008/120/EG, 2008),
wodurch domestizierte Hausschweine im Vergleich zu frei lebenden
Wildschweinen einen deutlich eingeschrankteren Lebensraum besitzen. Scollo et
al. (2016) fanden heraus, dass eine hohe Besatzdichte das Risiko flr
Schwanzbeil3en erhdht. Neben dem Platzangebot wird dem Hausschwein auch die
GruppengrofR3e und -zusammensetzung vorgegeben, wobei Schmolke et al.
(2003) bei einem Platzangebot von 0,76 m? pro Schwein keinen Einfluss der
GruppengroRe (10, 20, 40 oder 80 Schweine pro Bucht) auf die Pravalenz von
Schwanzbeil3en feststellen konnte. Die Gruppengrof3e ist meist &hnlich der
freilebender Wildschweine, die in Gruppen von bis zu 23 Tieren zusammenleben
(Dardaillon, 1988). Wahrend die GruppengroRe bei Wildschweinen abhangig von
der Jahreszeit, dem Alter und Geschlecht der Gruppenmitglieder variiert
(Dardaillon, 1988), wird die Gruppenzusammensetzung der Hausschweine vom
Haltungssystem vorgegeben und bleibt meist tber die Aufzucht und tber die Mast

hinweg konstant.

Bei Untersuchungen zum Verhalten domestizierter Hausschweine unter
natiirlichen Bedingungen stellte sich eine groRe Ubereinstimmung zum
Wildschwein heraus (Jensen, 1986; Stolba und Wood-Gush, 1989), was indiziert,
dass sich durch die Domestikation die Verhaltensweisen von Schweinen nicht sehr
stark veréndert haben. Die Haltungsumwelt von Hausschweinen steht jedoch in
groBem Kontrast zum Lebensraum der Wildschweine. Die meisten der
aufgefiihrten Risikofaktoren stehen in engem Zusammenhang mit den
Unterschieden des Habitats zwischen Haus- und Wildschwein und stellen einen
Stressor fur das domestizierte Hausschwein dar. Dabei wirken meist mehrere
Stressoren gleichzeitig auf die Tiere ein, weshalb Schwanzbei3en ein
multifaktorielles Problem darstellt. Bis zu einem gewissen Grad kdnnen Schweine
auftretenden Stress bewaltigen. Es wird jedoch angenommen, dass Schweine
versuchen, auftretenden Stress, mit dem sie nicht umgehen kdnnen, durch

Schwanzbeil3en zu kompensieren (Schrgder-Petersen und Simonsen, 2001).
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1.2.2.3 Beschaftigungsmaterialien in der Haltungsumwelt

Haben Schweine keinen Zugang zu Beschéaftigungsmaterial, steigert dies die
Pravalenz fiir das Beil3en von Buchtengenossen (Beattie et al., 1995; Fraser et al.,
1991; Hunter et al., 2001). Dabei kdnnen Beschaftigungsmaterialien, die bei
Schweinen sehr beliebt sind, eine Konkurrenz um die Ressource auslésen, was
ebenfalls das Risiko fur SchwanzbeiRen erhohen kann (Van de Perre et al., 2011).
Auf den Einsatz von Beschaftigungsmaterial als MalRhahme gegen

Schwanzbeifl3en wird in Kapitel 6 eingegangen.

Durch das Angebot an Beschaftigungsmaterialien kann die Haltungsumwelt der
Schweine angereichert werden, wodurch das Explorationsverhalten gesteigert und
manipulatives Verhalten, wie Schwanzbeil3en, reduziert werden kann (Beattie et
al., 1995; Bolhuis et al., 2005). In der Praxis kommen haufig langlebige Materialien
zum Einsatz, da diese selten erneuert oder ausgetauscht werden missen und
somit Material- und Arbeitskosten sparen. Jedoch stellte sich heraus, dass
Beschaftigungsmaterialien fir Schweine besonders gut geeignet sind, wenn sie
die Eigenschaften veranderbar, kaubar, essbar, neuartig manipulierbar oder
riechbar besitzen (Docking et al., 2008; Fraser et al., 1991; Jensen und Pedersen,
2007; Studnitz et al., 2007; Trickett et al., 2009; van de Weerd und Day, 2009).
Organische Beschéftigungsmaterialien erfillen diese Eigenschaften und werden
von Schweinen in einem direkten Vergleich gegeniuber nicht-organischen
Materialien bevorzugt (Scott et al., 2006, 2009). Besonders zu empfehlen ist dabei
der Einsatz von Langstroh als Einstreu (Bolhuis et al., 2005; Fraser et al., 1991,
Peeters et al.,, 2006; Van de Weerd et al., 2006). Bei der Bereitstellung von
Beschaftigungsmaterialien mussen gleichzeitig die baulichen Gegebenheiten
eines Stalles bericksichtigt werden. Dabei stellt der Einsatz langfaseriger
Materialien in Stallen mit Spaltenbéden oft eine Herausforderung bei der
Entmistung dar, weshalb fir den Einsatz in konventionellen Stallen Alternativen zu
langfaserigen Beschaftigungsmaterialien angeboten werden muissen. Eine solche
Alternative konnten Beschéftigungsmaterialien mit fressbaren Zusatzen darstellen,
die bei Schweinen hohere Explorationsdauern im Vergleich zu Materialien ohne
fressbaren Zusatz erzielten (Jensen und Pedersen, 2007; Zwicker et al., 2013).
Mdoglicherweise kdnnen dadurch naturnahe Gegebenheiten der Futtersuche

imitiert werden. Des Weiteren bevorzugten Schweine Torf, Pilzkompost und
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Sagemehl gegenuber Sand, Holzrinde und Stroh als Beschaftigungsmaterial
(Beattie et al., 1998). Demnach scheinen Schweine Beschéaftigungsmaterialien zu
praferieren, die eine ahnliche Textur wie Erde haben (Jensen et al., 2008). Daruber
hinaus bevorzugen Schweine pelletiertes Beschéaftigungsmaterial gegenuber
gehéckselten Materialien und Rindenkompost (Zwicker et al., 2013). Auch
olfaktorische Reize konnen Praferenzen fir Beschaftigungsmaterialien bei
Schweinen auslésen. So zeigten Schweine eine klare Praferenz fur Seile, die mit
Knoblauchdl aromatisiert wurden, im Vergleich zu Seilen ohne Aroma (Blackie und
de Sousa, 2019). Wie wichtig beim Einsatz von Beschéaftigungsmaterialien fur
Schweine die Neuartigkeit ist, zeigt die kurze Zeit der Habituation (Trickett et al.,
2009; Van de Perre et al., 2011), die bereits wenige Stunden nach der
Bereitstellung von Beschéaftigungsmaterialien eintreten kann (Apple und Craig,
1992). Habituation beschreibt dabei einen Prozess der verminderten Reaktion auf
einen Reiz (z.B. verminderte Exploration von Beschaftigungsmaterial) und ist von
einer Gewohnung, also der Adaption an eine Reizsituation zu unterscheiden
(Birbaumer, 1975). Die Habituation von Schweinen an Beschaftigungsmaterialien
kann jedoch durch einen wochentlichen Wechsel (Van de Perre et al., 2011) oder
durch das wechselnde Aromatisieren von Beschaftigungsmaterialien (Nowicki et
al., 2015) gesenkt werden. Des Weiteren eignete sich eine regelmafige Vorlage
von frischem Stroh, um das Interesse von Schweinen aufrechtzuerhalten (Bolhuis
et al., 2005) oder das erneute Aromatisieren von Seilen, um das Interesse von
Schweinen zu steigern (Blackie und de Sousa, 2019).

1.3 Formen von Schwanzbeifl3en

Wie vorausgehend erortert, kdnnen in konventionellen Haltungssystemen vielerlei
Stressoren auf Schweine einwirken. Schweine versuchen aufkommende
Stressoren durch sogenannte Coping Strategien zu bewadltigen. Gelingt die
Adaption an den Stress nicht, kdnnen Verhaltensanomalien, wie Schwanzbeil3en,
Belly Nosing, Ohrbeilen oder Leerkauen auftreten. Schweine haben
unterschiedliche Anpassungsstrategien an die von der Haltungsumwelt
ausgelosten Stressoren. Bolhuis et al. (2005) teilten Schweine anhand eines

sogenannten ,Backtests® in stark-reagierend (HR) und schwach-reagierend (LR)
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ein. Bei Verhaltensbeobachtungen zu unterschiedlichen Zeitpunkten nach dem
Absetzen fanden die Autoren heraus, dass sich HR-Schweine eher aggressiv
gegenuber ihren Artgenossen verhielten, sie kampften, bissen und zeigten
Kopfschlagen. LR-Schweine auf3erten hingegen eher manipulatives Verhalten, wie
Belly Nosing, Schwanz- oder Ohrenbeil3en. Diese Erkenntnis deckt sich mit der
Einteilung von Prunier et al. (2020), die das Beil3verhalten von Schweinen nach
Simonsen (1990) in ,aggressiv‘ und ,nicht-aggressiv* einteilten. Demnach wird
.=aggressives® Beillen durch Konkurrenzverhalten oder limitierte Ressourcen
hervorgerufen und betrifft den vorderen Bereich des Korpers (Nacken und
Schultern). Schwanzbeil3en hingegen wird als ,nicht-aggressives® Verhalten
gewertet, das auftritt, wenn Schweine ihr Erkundungsverhalten nicht ausreichend
befriedigen kdnnen und dies stattdessen an Buchtengenossen ausiben. Dabei
beginnt Schwanzbeil3en zun&chst mit einem Bewihlen oder leichten Bekauen von
Korperteilen, wie dem Schwanz der Artgenossen, was Fraser (1987) als ,pre-Injury
stage® des Schwanzbeillens bezeichnet. Dieses Bekauen wird von den
Buchtengenossen meist toleriert und kann zu kleinen Wunden fuhren, was dann
aufgrund einer hohen Affinitdt von Schweinen zu Blut in die ,injury stage” Ubergeht
(Fraser, 1987). Taylor et al. (2010) beschreiben zwei weitere Formen des
Schwanzbeil3ens, die als ,sudden-forceful” (plétzlich und heftig) und als ,obsessiv*
bezeichnet werden. Das ,sudden-forceful Schwanzbeif’en tritt dann auf, wenn
einem Schwein der Zugang zu einer gewunschten Ressource nicht moglich ist und
es aufgrund von Frustration aggressives, kraftiges Beil3en der Schwéanze seiner
Artgenossen zeigt (Taylor et al., 2010). Beim ,,obsessiven“ Schwanzbeil3en verfolgt
ein Schwein scheinbar zwanghaft die Schwanze der Buchtengenossen und beil3t
kraftvoll zu, sobald die Moglichkeit dazu besteht (Taylor et al., 2010).

1.4 Auswirkungen von Schwanzbeil3en

Die Auswirkungen von Schwanzbeif3en kénnen vielfaltig sein. Sie betreffen die
Gesundheit und das Wohlergehen der Schweine, indem sie oberflachliche
Hautdurchbrechungen verursachen und im Extremfall zum Tod eines Tieres fuihren
kénnen. Die Folgen von Schwanzbeil}en bedeuten somit auch 6konomische

Verluste fur den Landwirt. Der Schwanz des Schweines ist vollstdndig mit Nerven
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durchzogen (Simonsen et al.,, 1991), weshalb durch Schwanzbei3en beim
gebissenen Tier Schmerzen hervorgerufen werden. Dartber hinaus kénnen durch
das Eintreten von Krankheitserregern in offene Wunden Entzindungen am
Schwanz entstehen, wodurch als Sekundarinfektion oft die Lungen der Tiere
betroffen sind (Kritas und Morrison, 2007; Munsterhjelm et al., 2013; Schragder-
Petersen und Simonsen, 2001). Als weitere Folge von Schwanzbei3en kénnen
sich Abszesse bilden (Kritas und Morrison, 2007; Li et al., 2017; Marques et al.,
2012), die durch Verletzungen des Muskelgewebes hervorgerufen werden
(Schrgder-Petersen  und Simonsen, 2001) wund zur Verwerfung des
Schlachtkorpers fuhren kdnnen. Des Weiteren wird Schwanzbeil3en mit einer
erhohten Mortalitat und mit Stérungen des Bewegungsapparats (Marques et al.,
2012), sowie geringen Zunahmen der gebissenen Tiere in Verbindung gebracht
(Marques et al.,, 2012; Sinisalo et al., 2012). Letzteres kdnnte in Folge einer
reduzierten Futteraufnahme entstehen (Munsterhjelm et al., 2015; Wallenbeck und
Keeling, 2013). Einen Einfluss von Schwanzbeil3en auf die Futterverwertung und
den Anteil an rotem Fleisch am Schlachtkdrper konnte jedoch nicht festgestellt
werden (Sinisalo et al., 2012). Aus den dargestellten gesundheitlichen und
Okonomischen Folgen und unter Bertcksichtigung des Tierwohls ist es
erforderlich, dem Schwanzbeien durch geeignete Mal3hahmen vorzubeugen und

entgegenzuwirken.

1.5 MalBnahmen gegen Schwanzbeil3en

1.5.1 Kupieren

Die heute in der Praxis gangigste Methode, um Schwanzbeil3en bei Schweinen zu
vermeiden, ist das Kupieren eines Teilstickes des Schwanzes, was in der
Europaischen  Union  grundsatzlich  verboten ist.  Aufgrund  einer
Ausnahmegenehmigung ist das Kupieren eines Teilstliickes des Schwanzes
jedoch erlaubt, um Schaden am Tier zu vermeiden (Richtlinie 2008/120/EG, 2008).
Diese Ausnahmegenehmigung fuhrt dazu, dass 77 % der Schweine in der
Européischen Union routinemallig kupiert werden (De Briyne et al., 2018). Das

Kupieren des Schwanzes kann das Risiko fur Schwanzbeil3en reduzieren, es
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jedoch nicht ganzlich verhindern (Hunter et al., 2001; Larsen et al., 2018; Lee et
al., 2016).

Durch das Kupieren des Schwanzes werden Nerven verletzt, die Neurome und
somit Nervenschmerzen verursachen kénnen (Devor und Rappaport, 1990;
Simonsen et al., 1991). Unter Bericksichtigung von Tierwohlaspekten sollten
daher nicht-invasive MalBhahmen gegen das Auftreten von Schwanzbeil3en
eingesetzt werden, mit denen die Ursachen der Verhaltensanomalie behoben
werden, anstatt deren Folgen entgegenzuwirken. Eine Mdglichkeit, wie durch das
Fordern von arttypischem Verhalten Schwanzschaden reduziert werden kdnnen,

ist der Einsatz von Beschéftigungsmaterial.

1.5.2 Beschaftigungsmaterial als MalBhahme gegen Schwanzbeil3en

Schweine besitzen eine hohe intrinsische Motivation zur Exploration, die im engen
Zusammenhang mit der Futtersuche (Day et al., 1995) und somit dem Wiuhlen,
Kauen und Beil3en steht. In Stallen ohne Umweltreize und ohne die Mdglichkeit
zur Exploration, stellen die Artgenossen oft die einzige veranderbare Variable dar.
Es wird daher vermutet, dass das Bekauen und Beif3en von Artgenossen mit einem
nicht erfullten Bedurfnis des Explorationsverhaltens und der Futtersuche
einhergeht (Beattie et al., 2007; Wood-Gush und Vestergaard, 1989). Aus diesem
Grund ist das Bereitstellen von geeigneten Beschaftigungsmaterialien eine
wichtige MalRnahme, um den Schweinen artspezifische Verhaltensweisen zu
ermoglichen und Schwanzschaden zu reduzieren. Die von Schweinen préaferierten
Beschaftigungsmaterialien wurden bereits in Kapitel 1.2.2.3 beschrieben. In
verschiedenen Studien wirkte sich der Einsatz bestimmter
Beschaftigungsmaterialien zudem positiv auf die Pravalenz von Schwanzbeil3en
aus. Diese werden in Tabelle 1.3 aufgefuhrt. Gegenliber Buchten, in denen
Schweine ohne Beschéaftigungsmaterialien gehalten wurden, konnte aufgrund
einer Anreicherung der Haltungsumwelt eine Reduktion von Schwanzschaden
erzielt werden (Bolhuis et al., 2005; Day et al., 2008; Larsen et al., 2018; Petersen
et al., 1995). Vor allem Stroh wurde in diesem Zusammenhang héufig untersucht.
Dabei stellte sich heraus, dass bei Schweinen, die auf Stroheinstreu gehalten

wurden, weniger Schwanzschédden auftraten als bei Schweinen, die auf
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Spaltenbdden gehalten wurden, unabhangig von dem Angebot eines
Plastikspielzeugs (Scott et al., 2007; Scott et al., 2009). Pedersen et al. (2014)
berechneten zur Reduktion von Schwanzschaden eine optimale Strohmenge von
3879 (x 10 g) pro Mastschwein und Tag. Dabei konnte in bisherigen Studien kein
Unterschied der Darreichungsform von Stroh (Langstroh, gehackseltes Stroh,
Strohpellets) auf die Pravalenz von Schwanzschaden gefunden werden (Day et
al., 2008; Lahrmann et al., 2015; Zwicker et al., 2013). Im direkten Vergleich konnte
mit Beschaftigungsmaterialien wie Grassilage (Holinger et al.,, 2018) oder
Maissilage (Jensen et al., 2010) sogar einen gréf3eren Effekt auf die Reduktion von
Schwanzschaden erreicht werden als mit dem Einsatz von Stroh. Bei
Untersuchungen, in denen Schweinen mehrere Beschaftigungsmaterialien
simultan (Telkanranta et al., 2014) oder in alternierender Reihenfolge (Trickett et
al., 2009; Van de Perre et al., 2011) angeboten wurden, wurde ebenfalls ein
positiver Effekt auf die Pravalenz von Schwanzschéaden festgestellt. Jedoch treten
Schwanzschaden bei einigen Untersuchungen unabhangig vom eingesetzten
Material auf (Scott et al., 2006; Veit et al., 2016; Zwicker et al., 2013).

Der Einfluss auf Schwanzsché&den wurde bereits anhand von zahlreichen
Beschaftigungsmaterialien untersucht. Jedoch wird dabei oftmals bereits
beobachtetes Beil3verhalten oder aufgetretene Verletzungen als Grundlage zur
Beurteilung der Eignung als Maflinahme gegen Schwanzbeil3en herangezogen.
Zur Vermeidung unnétiger Schmerzen, Leiden oder Schaden am Tier (TierSchG,
1972), sind Methoden zu bevorzugen, die bereits einen Schritt vorher ansetzen.
Bei Schweinen zeigen sich Verhaltensanderungen bereits mehrere Tage vor dem
Auftreten von Schwanzbeif3en (Larsen et al., 2019; Munsterhjelm et al., 2015).
Diese Verhaltensanderungen konnten durch den Einsatz automatisierter
Verfahren frihzeitig erkannt werden, um bereits vor dem Auftreten von

Symptomen dagegen vorzugehen.
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1. Allgemeine Einleitung

1.6 Elektronische Verhaltensiberwachung

Seit einigen Jahren steigen in Deutschland, aber auch in anderen europaischen
Landern die Bestandszahlen in der Schweinehaltung an (Roguet und Rieu, 2014;
Winter et al., 1998). Um bei steigenden Tierzahlen die Gesundheit und das
Wohlergehen des Einzeltiers gewahrleisten zu kénnen, spielt die elektronische
Datenerfassung und Tieriberwachung eine zunehmende Rolle. Bereits kleine
Verhaltensanderungen konnen ein Indikator fur Krankheiten oder vermindertes
Wohlbefinden von Schweinen sein. So sind eine geringe Aktivitdt oder eine
reduzierte Futteraufnahme Anzeichen fur Erkrankungen (Ahmed et al., 2015;
Escobar et al., 2007; Reiner et al., 2009). Eine weit verbreitete Methode das
Verhalten von Tieren zu tUberwachen sind Videoaufnahmen. Sie kdnnen genutzt
werden, um mit sogenannten ,deep learning® Verfahren oder ,Kinect-
Tiefensensoren“ Programme darauf zu trainieren, die Position von Schweinen
innerhalb einer Bucht zu erfassen (Riekert et al., 2020), liegende von aktiven
Schweinen zu unterscheiden (Lee et al., 2016; Riekert et al., 2020) oder sogar

aggressives Verhalten zu identifizieren (Lee et al., 2016).

Eine weitere Mdglichkeit, die Position von Schweinen zu erfassen, um
Ruckschlisse auf deren Aktivitat zu ziehen, ist die Verwendung von
Radiofrequenz-ldentifikations (RFID) Systemen (Naguib und Krause, 2020).
Gegenuber videobasierter Datenerfassung auf Gruppenebene bietet die UHF-
RFID den Vorteil einer automatisierten und tierindividuellen Datenerfassung. Die
UHF-RFID kommt dabei im Vergleich zu sogenannten ,deep learning” Verfahren
ohne ein Anlernen und das Programmieren von Algorithmen aus. UHF-RFID-
Systeme beruhen auf einer kontaktlosen Kommunikation zwischen einem
Lesegerat und einem Transponder Uber eine dazwischengeschaltete Antenne.
Dabei werden sogenannte  ,Hotspots® (z.B.  Futtertrog,  Tranke,
Beschaftigungsautomat) mit einer UHF-RFID-Antenne ausgestattet, die mit
passiven UHF-RFID-Transpondern ausgestattete Schweine im Bereich ihres
Lesefeldes erkennen. Es gibt niederfrequente (LF, 125 - 135 kHz), hochfrequente
(HF, 13.56 MHz) und ultrahochfrequente (UHF, 860 MHz (EU)) RFID-Systeme
(Ruiz-Garcia und Lunadei, 2011). Im Vergleich zu UHF-Systemen sind LF- und
HF-Systeme storungsfreier gegentber aul3eren Einflissen wie Wasser oder

Metallabschirmung und -reflektion. Die kurze Lesereichweite ist ein Nachteil von
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1.7 Elektronische Friherkennung von Schwanzbeil3en

LF-RFID (20 cm — 100 cm) und HF-RFID-Systemen (10 cm — 150 cm) gegeniiber
UHF-RFID-Systemen (300 — 1500 cm) (Ruiz-Garcia und Lunadei, 2011). Des
Weiteren konnen bei LF-Systemen keine gleichzeitigen Lesungen mehrerer
Transponder stattfinden, weshalb sie oft an Abrufstationen zur Einzeltierfutterung
eingesetzt werden. An Futterautomaten mit mehreren Fressplatzen kommt die LF-
RFID an ihre Grenzen. Dabei koénnen gerade hier Anderungen in den
Verhaltensmustern erfasst werden. Fir die gleichzeitige Erfassung mehrerer Tiere
sind UHF-RFID-Systeme besonders gut geeignet. Die Storanfalligkeit gegenlber
aulBeren Einflissen kann jedoch zu fehlerhaften Lesungen und damit zu
Messungenauigkeiten fiihren (Adrion et al., 2018). Abhangig von der an der RFID-
Antenne anliegenden Leistung und dem Aggregieren einzelner Ereignisse konnte
jedoch bereits eine Sensitivitat des UHF-RFID-Systems von bis zu 90 % erzielt
werden (Adrion et al., 2015). Durch die hohe Ubereinstimmung zwischen RFID-
Daten und Videoauswertungen, bewerteten die Autoren das untersuchte UHF-
RFID-System als vielversprechende Methode zur Entwicklung von Systemen zur
Uberwachung der Gesundheit und Aktivitat von Schweinen. Inzwischen wurde die
UHF-RFID-Technik in der Schweinehaltung bereits fur den Einsatz zur
Gesundheitsiiberwachung erprobt. So zeigten Schweine, bei denen Lahmheit oder
Husten diagnostiziert wurde, einen Rickgang der mittels UHF-RFID erfassten
Besuchsdauer am Futtertrog im Vergleich zu gesunden Artgenossen (Kapun et al.,
2016).

1.7 Elektronische Friherkennung von Schwanzbeil3en

Das Bevorstehen eines Ausbruchs von Schwanzbeil3en kann sich bei Schweinen
anhand von Verhaltensanderungen, wie einer erhdhten Aktivitdt oder einer
reduzierten Futteraufnahme bemerkbar machen (Larsen et al., 2019; Wallenbeck
und Keeling, 2013). Das automatisierte Erkennen und Erfassen dieser
Verhaltensanderungen kann zur Friherkennung von Schwanzbei3en beitragen.
Wallenbeck und Keeling (2013) werteten Futterdaten von Schweinen in Buchten
mit und ohne Schwanzbeil3en aus. Dabei stellten sie fest, dass die durchschnittlich
aufgenommene Futtermenge pro Tier und Woche und die durchschnittlichen
Besuche an der Futterstation pro Tier und Tag in den Buchten mit Schwanzbeil3en

tendenziell geringer war im Vergleich zu Buchten, in denen kein Schwanzbeif3en
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1. Allgemeine Einleitung

beobachtet wurde. Diese Unterschiede traten bereits mehrere Wochen vor dem
Ausbruch von Schwanzbeif3en auf, waren jedoch nicht in allen Wochen signifikant.
Die automatische Erfassung von Futterdaten kénnte somit eine Fritherkennung
von SchwanzbeiRen ermdglichen (Wallenbeck und Keeling, 2013). Eine Woche
vor dem Ausbruch von Schwanzbeil3en stellten Larsen et al. (2019) ein geringeres
objektbezogenes manipulatives Verhalten von unkupierten Schweinen in Buchten
mit SchwanzbeiRen fest, wahrend die allgemeine Aktivitat zunahm. Die Autoren
ordneten die Erfassung der Objektmanipulation als vielversprechende Methode
zur Friherkennung von SchwanzbeiRen bei unkupierten Schweinen ein,
empfahlen jedoch eine Kkontinuierliche anstatt einer sequenziellen
Datenauswertung zur Identifikation abweichender Verhaltensweisen im

Tagesverlauf.

Larsen et al. (2018) fanden heraus, dass die Haltung des Schwanzes unkupierter
Schweine Aufschluss dartber gibt, ob eine Verletzung am Schwanz vorliegt. Dabei
wurden in Buchten mit einem Schwanzbeil3geschehen mehr eingezogene
Schwénze beobachtet als in Buchten ohne Schwanzbeif3en. Sie untersuchten die
Schweine in einem Zeitraum von drei Tagen bevor Schwanzschaden auftraten,
empfahlen jedoch, diesen Zeitraum zu verlangern und die Erfassung der
Schwanzhaltung zu automatisieren. Ein Verfahren zur automatischen Erfassung
der Schwanzhaltung von Schweinen wurde unter der Verwendung von 3D-
Kameras und Bildverarbeitungsalgorithmen von D'Eath et al. (2018) getestet.
Anhand des verwendeten Algorithmus wurden in den Buchten mit SchwanzbeilRen
bereits eine Woche vor den ersten Symptomen mehr abgesenkte Schwanze
erfasst als in den Buchten ohne Schwanzbeil3en. Eingezogene Schwanze wurden
von dem entwickelten Algorithmus zu 88,4% der ausgewerteten Zeit korrekt
erfasst, wahrend abgesenkte Schwénze zu 53,4% korrekt erkannt wurden. D'Eath
et al. (2018) lieferten damit ein Echtzeitverfahren, mit dem erste Voraussetzungen
geliefert wurden, um anhand der Schwanzhaltung ein Schwanzbeif3geschehen auf

Buchtenebene vorherzusagen.

Die UHF-RFID wurde im Bereich der Schweinehaltung bereits auf ihre
Einsatzfahigkeit getestet (2015; Adrion et al., 2018; Kapun et al., 2016) und wirde
erste Voraussetzungen fir den Einsatz in der Schweinehaltung erfullen. Jedoch

fehlen bisher Untersuchungen zur Validitdit von UHF-RFID-Systemen bei der
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1.8 Fragestellung und Hypothesen

kontinuierlichen Erfassung von Verhaltensdaten, um eine Einschatzung uber die
Vorhersagegenauigkeit von Schwanzbeil3en geben zu kénnen.

1.8 Fragestellung und Hypothesen

Im Verbundprojekt ,Label-Fit® (Schweinehaltung fit fur das Tierschutzlabel:
Integrierte Entwicklung von Haltungs- und Verfahrenstechnik zur Transformation
konventioneller Stalle) sollten Losungsansatze gefunden werden, wie bereits
bestehende konventionelle Stalle dahingehend verandert werden kbnnen, dass sie
an der Vermarktung unter dem Tierschutzlabel des Deutschen Tierschutzbundes
teilnehmen kénnen. Berlcksichtigt wurden in dem Projekt die Anforderungen des
Tierschutzlabels an die Haltung von Schweinen, was unter anderem ein erhéhtes
Platzangebot, eine  Strukturierung der Buchten, den Zugang zu
Beschaftigungsmaterial und das Halten unkupierter Schweine beinhaltete. Die im
Verbundprojekt beteiligten Projektpartner bearbeiteten in funf Teilprojekten (TP)
Fragestellungen hinsichtlich Buchtenstrukturierung (TP 1), organischem
Beschaftigungsmaterial (TP 2) und Entmistung beim Einsatz organischer
Beschaftigungsmaterialen (TP 3) und entwickelten Lésungsansatze zur
Implementierung in der Praxis. Begleitend dazu erfolgte die Uberpriifung der
Praxistauglichkeit (TP 4). Die Ergebnisse aller Teilprojekte wurden anschlieRend

unter Berucksichtigung des Tierwohls und der Okonomie bewertet (TP 5).

Die vorliegende Arbeit befasst sich mit Teilprojekt 2. Hier sollte organisches
Beschaftigungsmaterial identifiziert werden, das fur Aufzucht- und Mastschweine
besonders attraktiv ist, das Explorationsverhalten langfristig aufrechterh&lt und
somit im Optimalfall bei unkupierten Schweinen Schwanz- und Ohrschéden
reduziert. Als Messgrof3e wurde dabei die Explorationsdauer der Schweine mit
diesen Beschaftigungsmaterialien herangezogen. Die Verwendung der
Beschaftigungsmaterialien sollte dabei in konventionellen Stéllen mit
Spaltenbdden realisierbar sein. Die Vorlage der gullekompatiblen und organischen
Beschaftigungsmaterialien erfolgte daher tber einen speziell fir das Vorhaben
entwickelten Beschéftigungsturm mit Wuhlbereich und integrierter UHF-RFID-
Technik zur Erfassung der Beschaftigungszeit von Schweinen. Durch die Vorlage

von Beschaftigungsmaterial, das im Wuhlbereich von den Schweinen untersucht
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1. Allgemeine Einleitung

und bewihlt werden konnte, sollte das arttypische Explorationsverhalten gefordert
werden. Da eine Steigerung der Exploration eine Reduktion von manipulativem
Verhalten an Artgenossen bewirkt, sollte gleichzeitig eine Reduktion von Schwanz-

und Ohrschaden erreicht werden.

Die in dieser Arbeit durchgefuhrten wissenschaftlichen Untersuchungen wurden in
vier Kapitel unterteilt (Kapitel 2-5). Dabei wurde zunachst Uberprift, welche
gleichzeitig zur Verfugung gestellten organischen Beschéaftigungsmaterialien
Schweine in zwei getrennt voneinander durchgefuhrten Wahlversuchen
praferieren (Kapitel 2; (Kauselmann et al., 2020a)), um einen Anhaltspunkt fur
weitere Langzeituntersuchungen zu erhalten. Im ersten Wahlversuch wurden
unterschiedlich strukturierte Beschaftigungsmaterialien untersucht, mit denen bei
der Exploration der Tastsinn der Russelscheibe angesprochen werden sollte.
Dabei wurde die Hypothese aufgestellt, dass Schweine anhand ihrer
Beschaftigungszeit Praferenzen fir bestimmte Materialien und Strukturen zeigen.
Da das Explorationsverhalten bei Schweinen in engem Zusammenhang mit der
Nahrungssuche steht, wurden die Praferenzen fur fressbare Zusatze in
gehéckseltem Stroh getestet. Dabei wurde vermutet, dass Schweine vermehrt

Stroh mit einem fressbaren Zusatz gegeniber dem Stroh ohne Zusatz erkunden.

Ausgehend von den Resultaten des ersten Wahlversuchs wurde die
Beschaftigungsdauer von Schweinen beim Einsatz unterschiedlich strukturierter
Materialien in einer Langzeituntersuchung tberprift (Kapitel 3; (Kauselmann et al.,
2021)). Unter Bertcksichtigung der schnellen Habituation von Schweinen an
Beschaftigungsmaterialien, stand dabei die Frage im Mittelpunkt, ob Schweine
auch Uber die Aufzucht und Mast hinweg Préaferenzen fir alternierend angebotene
Beschaftigungsmaterialien mit unterschiedlichen Strukturen zeigen. Dabei wurde
die Hypothese aufgestellt, dass Schweine ausgehend von dem zuvor
durchgefuihrten Wahlversuch auch wahrend einer Langzeituntersuchung

Praferenzen fir bestimmte Materialien und Strukturen zeigen.

Des Weiteren erfolgte eine Untersuchung, ob die Attraktivitdt von gehéackseltem
Stroh als Basismaterial durch die Zugabe von Mais als fressbaren Zusatz
gesteigert werden kann und gleichzeitig Schwanzsché&den reduziert werden

kénnen (Kapitel 4; (Kauselmann et al., 2020b)). Ausgehend von den Ergebnissen
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1.8 Fragestellung und Hypothesen

des zweiten Wahlversuchs wurde vermutet, dass sowohl Aufzucht- als auch
Mastschweine in einer Langzeituntersuchung ein stéarkeres Explorationsverhalten
fur gehackseltes Stroh mit einem fressbaren Zusatz im Vergleich zu gehéckseltem
Stroh ohne fressbaren Zusatz zeigen. Dartber hinaus wurde vermutet, dass die
Steigerung der Exploration mit einer Reduktion von Schwanz- und Ohrschéaden
einhergeht.

Zudem sollte die Praferenz von Schweinen fir verschieden aromatisierte
Strohpellets und deren Auswirkung auf den Status des Schwanzes Uberprift
werden (Kapitel 5; (Kauselmann et al., accepted 2021)). Dabei wurde die Frage
untersucht, ob die Attraktivitat von Strohpellets anhand eines olfaktorischen Reizes
in Form von alternierend ausgetauschten Aromen fir die Makrosmaten gesteigert
werden kann. Es wurde vermutet, dass Schweine bestimmte Aromen préaferieren
und anhand einer gesteigerten Explorationszeit eine Reduktion von Schwanz- und

Ohrschéaden erreicht werden kann.

Abschliel3end werden in der allgemeinen Diskussion (Kapitel 6) die Erkenntnisse

aller wissenschaftlichen Untersuchungen zusammengefihrt.
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Abstract

A major problem in conventional pig production systems is the occurrence of
abnormal behaviours such as tail biting. Tail biting is a multifactorial problem, but
it seems that a lack of proper enrichment materials prevents the animals from
performing normal species-specific behaviour, e.g., rooting, nosing or chewing,
and thus increases the prevalence of tail biting. The aim of this study was to identify
plant-based enrichment material and nutritive additives that are attractive to pigs
and that can be used as enrichment in practice. Therefore, we carried out two
choice tests to investigate (i) which plant-based enrichment materials, differing in
structure and flavour, pigs prefer and (ii) what kind of nutritive additives can be
used to further increase the attractiveness of plant-based enrichment materials. In
each choice test, pigs had the choice of six offered options. Pigs were tested
individually in their familiar environment in an arena for 150 s. The first choice test
revealed that pelletized materials, i.e., lucerne pellets and straw pellets, were
preferred over all other options tested (Friedman test, n = 55, p<0.001). In the
second choice test, the pigs’ interest was highest for the largest nutritive additive,
i.e., maize kernels, compared to the other options tested (Friedman test, n = 65,
p<0.001). When choosing enrichment materials for pigs, structure, size and flavour
should be considered. Pelletized plant-based enrichment materials or non-
pelletized materials with nutritive additives can be recommended to stimulate
exploration. Further studies should examine the interval at which enrichment

material needs to be altered to keep pigs’ interest at a high level.

Keywords: Enrichment material; Fattening pigs; Choice test; Tail biting; Sus scrofa

domesticus
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2. Short-term choice of fattening pigs for additional plant-based materials

Highlights
« We measured pigs’ preference for different plant-based enrichment materials.

- Structure matters: Pigs prefer pelletized materials over chopped and

powdered ones.
- Size and flavour matters: Maize kernels in straw were most attractive for pigs.

- Structure, size and flavour should be considered by choosing enrichment

material.

« Adding nutritive additives can further stimulate exploration and interest of pigs.

1 Introduction

Tail biting is a common problem in conventional pig production systems. The
causes are multifactorial (Brunberg et al., 2016; Schrgder-Petersen and Simonsen,
2001). However, it is often assumed that one of the most important risk factors for
the occurrence of tail biting is the lack of appropriate enrichment materials
hampering the pigs from performing species-specific exploration and foraging
behaviour, such as rooting, nosing, and chewing (EFSA, 2014; Spinka, 2017;
Stolba and Wood-Gush, 1980; Wood-Gush and Vestergraad, 1989). Plant-based
or non-plant-based materials are used as enrichment materials to facilitate
exploration. Plant-based enrichment materials such as straw are often deemed
incompatible with slurry systems. Therefore, farmers often provide durable, non-
plant-based enrichment materials to pigs, e.g., metal chains or plastic items, to
distract the animals and to lower the risk for the occurrence of tail biting.
Furthermore, non-plant-based materials are often low cost and require lower time
investments. However, these materials mostly have only short-term enrichment
effects, as rearing, fattening and finishing pigs habituate relatively quickly to them
(Scott et al., 2006, 2009). To achieve long-term enrichment effects that may be
better suited to reducing the risk of tail biting, the respective enrichment materials
probably need specific characteristics. It has been shown that growing and
fattening pigs show high levels of exploration towards plant- or non-plant-based
enrichment materials that are compound, changeable, manipulable, chewable,
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edible or odorous (Fraser et al., 1991; Jensen and Pedersen, 2007; Studnitz et al.,
2007; Van de Perre et al., 2011; Van de Weerd et al., 2003). Most plant-based
materials fulfil these specific requirements and are thus recommended as the most

suitable enrichment materials for pigs.

When given a choice, finishing pigs prefer plant-based materials over non-plant-
based materials (Scott et al., 2009). In a choice test, growing pigs preferred pens
littered with peat, mushroom compost and sawdust compared to pens littered with
sand, wood bark, straw, and non-littered concrete floor (Beattie et al., 1998). These
results suggest that pigs favour textures similar to earth. This was supported by a
study in which eighteen materials from six categories were examined in a choice
test (Jensen et al., 2008).

Plant-based materials can be provided in different ways to pigs, which is closely
related to the management of the stable. In existing conventional housings with
fully slatted floors, long materials, such as hay or straw, can plug the slurry system
once they have passed through a slatted floor. Thus, for reasons of practicability,
smaller materials, which may be chopped or pelletized, should be used. These
smaller materials also bear the advantage that they can be automatically
dispensed into the pens. The attractiveness of plant-based materials for growing
and finishing pigs can be further increased by using different nutritive additives
(Jensen and Pedersen, 2007; Zwicker et al., 2013). Nutritive additives obviously
increase the rooting behaviour of pigs by imitating natural conditions in which pigs
root to find food and by enhancing the reward of rooting. The feed intake of pigs is
influenced by the nutrient composition (Kyriazakis and Emmans, 1995; Whittemore
et al., 2001), which affects the flavour and taste of the feed (Mizushige et al., 2007,
Mori et al., 1991). This suggests that different nutritive additives may cause
differences in the pigs’ preference and thus in the time they spend exploring and

ingesting it.

In our study, we further investigated two successive short-term choice tests: (i)
which plant-based enrichment materials, differing in structure and flavour, do pigs
prefer; and (ii) what kind of nutritive additives can be used to further increase the

attractiveness of plant-based enrichment materials?
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2. Short-term choice of fattening pigs for additional plant-based materials

2 Methods

2.1 Animals

We used crossbred fattening pigs (German Piétrain x German Hybrid) that had not
been tail docked as piglets. Each pig was familiar with daily human contact and ear

tagged for individual identification.

In choice test 1, a total of 57 animals (29 females, 28 castrated males) were tested
individually. At the time of the choice test (July 2017), the animals had an age of
21 weeks and weighed an average of 81.4 kg (¥6.9 kg SD). No animals were
familiar with any of the materials used in the first choice test prior to testing. In the
second choice test, a total of 67 animals (38 females, 29 castrated males) were
tested individually. At the time of the choice test (January 2018), the animals had
an age of 18 weeks and an average weight of 66.1 kg (¥12.2 kg SD). The animals
had prior experience with chopped straw and, in addition, were fed squeezed oats

as piglets (i.e., at the age of 1-28 days).

2.2 Housing and feeding

Animals were housed in a forced ventilation stable at the Bildungs- und
Wissenszentrum Boxberg (LSZ), Germany. All pens had 15 m? floor space (5 m x
3 m) with fully slatted floors and were equipped with a sisal rope and a piece of
wood hanging on metal chains. The animals had free access to water from four
nipple drinkers and were fed ad libitum with pellet concentrate in two separate
phases (with feed conversion at an average weight of 80 kg). Further details on the
content in feed are provided in the electronic supplementary material. In the first
choice test, the pigs were fed with feed of the second phase. In the second choice
test, the pigs had not yet reached the average weight for feed change. Feed was

provided with a single feeder (i.e., one feeder per pen).

In the first choice test, animals from a total of six pens (from two barns) with eight
to eleven pigs per pen were used. In the second choice test, animals from a total
of eight pens (from two barns) with seven to ten pigs per pen were used. In the

second test, the pens in the rearing and fattening barns were additionally equipped
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with a round material dispenser in the middle of the pen, which was filled with
different enrichment materials, i.e. chopped hay, chopped straw, straw pellets and
lucerne pellets (Table 1). The materials were offered in alternating order, of which

only straw was used as basic material in the choice test.

Table 1 Description of the enrichment materials tested in choice tests 1 and 2.

Material Description Dimension

Choice test 1

Control (C) Empty trough

Chopped straw (CS) Barley straw, chopped length approximately 10 mm to
100 mm

Chopped hay (CH) Hay of the first harvest, chopped length approximately 10 mm to
100 mm

Powdered lignocellulose (LC)  Lignocellulose powdered

Straw pellets (SP) Barley straw, pressed in pellets width approximately 8 mm,
length approximately 5 mm to
15 mm

Lucerne pellets (LP) Lucerne hay (Medicago sativa), width approximately 8 mm,

pressed in pellets length approximately 5 mm to
15 mm
Choice test 2

Chopped straw (C) Barley straw, chopped length approximately 10 mm to
100 mm

Maize kernels (MK) C + maize kernels, whole grain width approximately 9 mm,

length approximately 11 mm,
height approximately 5 mm 2
Black raisins (RA) C + organic black raisins width approximately 9 mm,
length approximately 14 mm,
height approximately 5 mm 2
Grated carrots (GC) C + fresh organic carrots, grated into  width and length approximately
slices immediately before use in the 20 mm,
choice test height approximately 1 mm 2
Squeezed oats (SO) C + oat, squeezed grain width approximately 6 mm,
length approximately 9 mm,
height approximately 1 mm 2
Wheat kernels (WK) C + wheat kernels, whole grain width approximately 4 mm,
length approximately 7 mm,

height approximately 3 mm 2

a C (chopped straw dimensions) see above
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2. Short-term choice of fattening pigs for additional plant-based materials

2.3 Choice test
2.3.1 Arena

For the choice tests, an arena was installed inside each home pen of the respective
pigs. The arena had an area of 126 cm x 103 cm (length x width) (Fig. 1). The walls
of the arena were 97 cm high, and the door of the arena was 110 cm high. The
lower part of the walls and of the door consisted of opaque plastic (62 cm high) and
three horizontally mounted tubular metal bars above. Thus, the animals had visual,
acoustic and olfactory contact with their pen-mates during the entire choice test but
were not directly bothered by them. Furthermore, they did not have to leave their
home pen. At the front end of the arena, there was an experimental trough (98.4
cm x 22.0 cm) with six identical chambers (22.0 cm x 16.4 cm) for the test
materials. The content of the chambers was not visible to the pigs outside the arena
due to the opaque plastic walls. A camera (Edimax 1C-9110W, H.264 codec,
Edimax Technology Co., Ltd, Taiwan) was installed above the experimental trough
at a height of 2.0 m. The door at the back of the arena could be opened to let in

and to release the respective test pig.

N
w
3

A

Arena

[TT91]

Nipple
drinkers
Feeder
Pen door g
- |

Fig. 1. Schematic drawing of the arena installed in the pen (5 m x 3 m) for the duration of the choice
tests. Above the experimental trough with six chambers, a camera (blue filled circle) was attached

at the ceiling.
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2.3.2 Plant-based enrichment materials and nutritive additives

In the first choice test, plant-based enrichment materials differing in structure and
flavour were provided simultaneously to the pigs in the chambers of the
experimental trough. The order of the material was randomly altered between
individuals. The six chambers were filled with either lucerne pellets (LP), straw
pellets (SP), chopped hay (CH), chopped straw (CS), powdered lignocellulose (LC)
or remained empty as a control (C) (Table 1).

In the second choice test, different nutritive additives to chopped straw were
provided in the six chambers of the experimental trough. Therefore, chopped straw
was mixed with either maize kernels (MK), raisins (RA), grated carrots (GC),
squeezed oats (SO), wheat kernels (WK) or, as a control, only the chopped straw
without any additive (C) was offered (Table 1). Again, the order of the nutritive

additives in the chambers was altered randomly between individuals.

2.3.3 Testing procedure and data acquisition

Both choice tests were carried out according to the same procedure. The arena
was built in a pig’s home pen immediately before the respective choice test started
(Fig. 1). In the first choice test, 0.5 | of the respective material was filled in each
chamber of the experimental trough. In the second choice test, 0.5 | of chopped
straw and 0.12 | of the respective nutritive additives were filled in each chamber.
The door at the back of the arena was opened by the observer. Individual pigs
entered the arena voluntarily or were gently guided by the observer. Animals that
were not willing to cooperate and thus to enter the arena were not forced and thus
not tested (n=1 in the first choice test, n=4 in the second choice test). Once all legs
of a pig were inside the arena, the door was closed, the recording time started, and
the observer left the room. The duration of recording was 150 s during which the
test pigs could freely explore the different chambers of the experimental trough,
and the entire test was video recorded for further analysis. After the brief choice
test time, the observer re-entered the room, opened the door at the back of the
arena and released the pig. The experimental trough was removed, and a new
cleaned and prepared experimental trough was placed in the arena for the next

voluntary test pig.
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2. Short-term choice of fattening pigs for additional plant-based materials

From the video recordings, we analysed the duration of exploration of the
respective chambers (snout inside a chamber) by using Mangold INTERACT
(version 17.0.2.13). Animals that did not explore the chambers during the test
phase (n = 2 in each of the two choice tests) were not considered for further

analysis.

2.4 Statistical anslysis

From these video recordings, the total duration each animal spent at each of the
tested enrichment materials (including the controls) was calculated, and for each
material, the relative duration at the material was calculated (duration at a specific

material / total duration at the experimental trough).

The statistical analyses were performed using R 3.5.2 (R Core Team, 2018) and
the package agricolae (De Mendiburu, 2019). The relative durations the pigs spent
at the different choice options were compared with a Friedman test for both choice
tests. In the case of a significant effect, we used Fisher’s least significant difference

test for pairwise post hoc comparisons between the different choice options.

3 Results

3.1 First choice test — Materials differing in structure and flavour

The relative duration of the time the pigs spent exploring the different chambers of
the experimental trough differed between the respective enrichment materials
(Friedman test, n = 55, Chi? = 113.7, df = 5, P<0.001, Fig. 2a). Post hoc pairwise
comparisons revealed that the animals spent significantly longer durations
exploring lucerne pellets (LP) and straw pellets (SP) compared to the other three
enrichment materials (i.e., chopped hay, chopped straw and lignocellulose) offered
(see Fig. 2a). The shortest explored option was the control (i.e., the empty

chamber).
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On average, for 27.5 % (i.e., 41.4 s + 19.81 SD) of the 150 s observation time, the
pigs made a choice by putting their snout in one of the chambers of the

experimental trough.

3.2 Second choice test — Different nutritive additives

The different nutritive additives significantly affected the relative duration that pigs
spent exploring the chambers of the experimental trough (Friedman test, n = 65,
Chi?=44.1, df = 5, P<0.001, Fig. 2b). Post hoc pairwise comparisons revealed that
maize kernels (MK) as a nutritive additive were explored significantly longer than
grated carrots (GC), squeezed oats (SO), wheat kernels (WK) and the control (C)
(Fig. 2b). The chambers including wheat kernels (WK) and control chambers (C)

were explored significantly shorter than the other additives.

In the second choice test, the animals spent 40.7 % (i.e., 60.4 s £ 17.48 SD) of the

observation time exploring the choice chambers.
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Fig. 2. (a) Boxplots of the relative duration the tested pigs explored materials differing in structure
and flavour, i.e., lucerne pellets (LP), straw pellets (SP), chopped hay (CH), chopped straw (CS),
lignocellulose (LC) or control (C), in choice test 1. (b) Boxplots of the relative duration the tested
pigs spent with chopped straw that was enriched with different nutritive additives, i.e., maize kernels
(MK), raisins (RA), grated carrots (GC), squeezed oats (SO), wheat kernels (WK) and control (C),

in choice test 2. Different letters above the bars indicate significant differences.
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4 Discussion

Our results show that in a short-term choice test, pigs prefer particular kinds of
plant-based enrichment materials. In the first choice test focusing on the structure
and flavour of the materials, we found that the pigs preferred lucerne pellets and
straw pellets the most. In the second choice test examining the enriching nature of
nutritive additives, we found that pigs prefer maize kernels as the most attractive

nutritive additive.

The strong preference for lucerne pellets and straw pellets in contrast to chopped
hay, chopped straw and lignocellulose is in line with earlier studies. After two days
of offering, straw pellets were more often explored by finishing pigs in comparison
to chopped straw, chopped Miscanthus giganteus and bark compost (Zwicker et
al., 2013). Although pellets so far have not been well investigated as plant-based
enrichment material for pigs, they meet some of the properties suggested to
stimulate exploration: they are changeable, destructible, and manipulable, as they
can be minced by the pigs into smaller pieces to eat them (Studnitz et al., 2007).
However, it should be mentioned here, that in our study, we did not test larger
structured materials, such as long straw, which is well examined as a plant-based
enrichment material for reducing and preventing tail biting in pigs from weaning to
finishing (Bolhuis et al., 2005; Fraser et al., 1991; Larsen et al., 2018; Van de
Weerd et al., 2006). The reason is that such materials can bear practical problems
for the slurry system and thus have a lower practicable impact for its use in existing

commercial stables.

Feeding experiments have shown that weaned pigs prefer special kinds of
structures, for example, pelletized feed to mashed diets, both composed of the
same ingredients (Sola-Oriol et al., 2008). The results of these food preference
tests suggest that pigs seem to make their choices i.a. based on the structure of
the offered food or edible plant-based enrichment material. In line with the findings
on the structural preferences of pigs, in our test, they explored the straw pellets
longer than the chopped straw. However, even the less preferred materials were
explored longer by the pigs compared to the empty control. This confirms that pigs
clearly distinguish between different options for edible plant-based enrichment

materials.
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Thus, the results of the first choice test suggest that pelletized material seems to
be a suitable possibility to provide plant-based enrichment material to pigs in
housing systems with slatted floors and a slurry system. In contrast to long
structured materials such as straw, the pellets decompose into small pieces when
falling into the slurry. The relatively high production costs for pellets may be
counterbalanced by technical options to automatically dispense pellets to the pens,
which reduces labour costs compared to long structured materials offered

manually.

In the second choice test, we focused on making plant-based enrichment material
more attractive by nutritive additives. We used chopped straw as the basis,
although it was not the most preferred material in the first choice test. The reason
for this is that straw is inexpensive and often available on farms compared, for
example, to pelletized plant-based materials. Thus, it may represent the most
practicable possibility for farmers starting with new enrichment. In our choice test,
maize kernels in chopped straw were most attractive to pigs, while wheat kernels
and the control were least interesting. Additionally, Zwicker et al. (2013) found that
maize kernels mixed with cut straw were more attractive for finishing pigs
compared to cut straw without additives (Zwicker et al., 2013). The pigs did not
spend much time with the squeezed oats. This may be because the pigs already
had experience with oats before the test. Novel materials increase the interest of
pigs more than familiar materials (Trickett et al., 2009; Van de Perre et al., 2011;
Zonderland et al., 2003; Zwicker et al., 2013). The low interest for the control, i.e.,
the straw without any further nutritive additive, shows that most of the offered
nutritive additives lead to a significant increase in exploration and thus are
positively stimulating the pigs. The only exception was wheat kernels, which are

smaller than maize kernels.

Taken together, our results and previous findings (Haskell et al., 1996; Jensen and
Pedersen, 2007; Olsen et al., 2000; Studnitz et al., 2007; Young et al., 1994;
Zwicker et al., 2013) support the idea that edible additives increase attractiveness
of rootable plant-based enrichment materials by stimulating both exploration and
foraging. Complex enrichment materials with different components are highly
recommended for pigs (Jensen and Pedersen, 2007; Olsen et al., 2000; Studnitz

et al., 2007). Holm et al. (2008) found in a direct comparison that ad libitum fed
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pigs prefer enrichment material that is rootable and edible (sand with carrots) or
only edible (carrots) over exclusive rootable (sand) material. These findings
confirm the preference of pigs to explore enrichment materials with food rewards.
Nevertheless, it is assumed that pigs explore their environment not only to find
food, but also because of intrinsic motivational reasons (Day et al., 1995), what
underpins the importance of access to suitable enrichment materials adapted to

the pigs and their housing systems.

Interestingly, in both choice tests, the pigs explored the materials that were
larger/thicker in size longer compared with the smaller/thinner materials. In the first
choice test, pellets were preferred compared to chopped and powdered material.
In the second choice test, maize kernels were preferred compared to grated
carrots, squeezed oats and wheat kernels, as well as grated carrots and squeezed
oats compared to wheat kernels (Table 1). Larger materials may be better suited
for manipulation and rooting by pigs. These findings are confirmed by a study,
which found piglets to prefer feed pellets with a diameter of 12 mm to pellets with
a diameter of 2 mm (Van den Brand et al., 2014). Furthermore, pigs prefer fodder
beets to roughage when the most complex whole crop silage (of oats, vetch and
lupine) was omitted (Olsen et al., 2000). Otherwise, the roughage with the most
components was preferred (Olsen et al., 2000). Apart from the structure, the
materials offered in our choice tests differ in their nutrient composition, which
influences both the palatability (Mizushige et al., 2007; Mori et al., 1991), the feed
intake (Kyriazakis and Emmans, 1995; Sola-Oriol et al., 2008, 2011; Whittemore
et al., 2001) and probably also the pleasure of consumption (Figueroa et al., 2019)
of pigs. In a previous study cut straw with maize was preferred to cut straw, straw
in a rack and, a compressed straw block (Zwicker et al., 2013). Nevertheless, in a
second test with pellets, chopped straw, chopped Miscanthus giganteus and bark
compost, the pellets as biggest material in size were preferred (Zwicker et al.,
2013). Also complexity, texture, smell (Olsen et al., 2000) and taste (Figueroa et
al.,, 2019; Olsen et al.,, 2000) affect the time pigs manipulate and consume

materials.

Surprisingly, the durations of exploration differed between the two choice tests. In
the first choice test, pigs only spent on average 27.5 % of the test time exploring

the chambers of the experimental trough, whereas in the second choice test, they
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explored the chambers on average 40.7 % of the test time. These differences may
result from the more attractive materials offered in choice test 2, i.e., a plant-based
material plus a nutritive additive. This difference is even more remarkable as the
pigs in the second choice test had already been exposed to chopped straw (the
basic material offered in the choice test) and squeezed oats in their normal housing
condition. An alternative explanation might be the different ages of the tested pigs.
Older pigs spent less time manipulating straw offered on the solid floor of pens
compared to younger pigs (Jensen et al., 2015). However, in that study the
materials were continuously offered and behaviour of pigs was observed twice, in
young (40 kg) and old (80 kg) pigs. Thus, the lower use in older pigs may have
resulted from habituation rather than from age of pigs. In our short-term choice
tests, the difference in age (21 weeks in the first choice test and 18 weeks in the
second choice test) was quite small. Irrespective of the differences in the duration,
the amount of exploration time was quite low, i.e., the pigs spent less than half of
their time in the arena exploring the materials. However, not only the materials but

also the arena, which they also explored, were new for the animals.

In both choice tests, we tested short-term preferences. Further studies are required
to examine the long-term attractiveness of plant-based material and nutritive
additives and how attractiveness can be maintained over longer periods of time. It
has been shown that rearing, fattening and finishing pigs lose their interest in
enrichment materials when they are offered for a long time (Trickett et al., 2009;
Van de Perre et al., 2011; Zonderland et al., 2003; Zwicker et al., 2013). The
changes of exploration behaviour over time depends on the given materials
(Trickett et al., 2009; Zwicker et al., 2013), the order in which different materials
were given (Trickett et al., 2009; Zwicker et al., 2013) and the feeding regime
(Zwicker et al., 2013). Some studies showed that materials that were highly
explored in short-term were still quite attractive over long-term (Trickett et al., 2009;
Zonderland et al., 2003; Zwicker et al., 2013). Thus, possibilities to maintain
attractiveness are, for example, to use materials preferred by the pigs, to change
the offered enrichment materials from time to time or to change the nutritive
additives at certain intervals. With the knowledge about the animals” preference for
enrichment materials, future studies are required that aim to find solutions to

provide these materials in a way that they remain attractive and available for a long
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time especially in stables with slatted floors. One solution might be to use high-
adjustable material dispensers with a rooting area that offer enough space for
several pigs and can be filled with different structured materials both automatically

or by hand.

Our two choice tests with pigs revealed insights about preferences for plant-based
enrichment materials differing in structure, flavour, and nutritive additives. The
result of our first choice test suggests that it is important to consider the structure
and size of enrichment materials, as well as the flavour. Pelletized materials, such
as straw pellets, were most attractive to pigs in our test. However, pellets are the
most expensive materials. As suggested by the result of our second choice test,
even less attractive (but less expensive) material can be made much more
attractive by nutritive additives, such as maize kernels. With our choice tests, we
can give a recommendation for the use of plant-based enrichment materials, which
are preferred by pigs and can be used in already existing stables with slatted floors.
However, alternative housing systems and management tools, where straw can be
used without posing a risk for the slurry system, exist and have to be considered

to further improve welfare in pigs.
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Abstract

When pigs cannot perform innate species-specific behaviours (e.g. rooting or
chewing), behavioural disorders, like tail biting, can occur. However, it seems that
various enrichment materials enhance the pigs to perform exploration behaviour
and therefore can help to reduce and prevent tail biting. The aim of this study was
to identify such highly explored plant-based enrichment material for undocked pigs
during rearing and fattening. Furthermore, we evaluated the impact of the offered
enrichment materials on tail length and injuries. Therefore, we continuously
recorded the individuals’ exploration durations in 20 groups by using an ultra-high-
frequency radio-frequency identification system, installed at material dispensers.
Lucerne pellets (LP), straw pellets (SP), chopped hay (CH) and chopped straw
(CS) were offered in a systematically alternating order for two-week sections,
respectively. At weaning and at days of material change (i.e. eight times in total),
animals were weighed and scored for tail length losses and tail injuries. For
analysis, the changes in tail length compared to the previous section were
calculated as A-tail-length losses. Our study revealed that the different offered
plant-based enrichment materials affected the duration of exploration behaviour
(e.g. rooting, nosing or chewing) during rearing (4 groups, LME, p < 0.0001) and
fattening (16 groups, LME, p < 0.0001). In piglets, exploration duration was higher
for pelletized materials (LP, SP) than for chopped materials. Fattening pigs
explored materials of hay (CH) more often compared to straw-based materials (CS,
SP). Daily weight gains of rearing pigs were affected by the type of enrichment
material offered in the respective section (LME, p < 0.0001). The highest daily
weight gains were achieved when CH was offered. Exploration duration during
rearing and fattening was affected by section (LME, both p < 0.0001 for rearing
and fattening). Exploration duration during rearing was highest in section 4 and
continuously increased from the first section to the last section during fattening.
During rearing, the plant-based enrichment materials affected tail injuries (GLMM,
p < 0.0001) and A-tail-length losses tended to be affected (GLMM, p = 0.057).
Fewest tail injuries and A-tail-length losses occurred when SP was offered. During
fattening, section affected tail injuries (GLMM, p = 0.01). Most injuries occurred
during sections 1 and 2. Our results show that pigs of different ages seem to prefer

different plant-based enrichment materials. High exploration durations do not
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necessarily maintain intact tails if material is changed biweekly. However,
exploration durations can be maintained at high levels from rearing through
fattening period by regularly alternating the provided plant-based enrichment

materials.

Keywords: pellets, chopped material, UHF RFID, continuous monitoring, weight

gain

Highlights

« We aim to identify plant-based materials that increase exploration and reduce

tail damages in pigs.

« During rearing, lucerne & straw pellets were most explored and thus most

attractive.

- During fattening, preferences changed and most exploration was guided to

chopped hay.

- Attractiveness of plant-based material is depending from age, nutrition or

flavour.

« High exploration durations at any material do not necessarily maintain intact

tails.
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1. Introduction

The living conditions of commercial swine are very different from that of free-living
wild swine, which have many possibilities to perform species-specific behaviours.
Since domesticated pigs still have the need to perform species-specific behaviours
(Fraser, 1983; Stolba and Wood-Gush, 1984, 1989), the prevalence of behavioural
disorders can be enhanced if the housing environment does not provide the
respective resources to perform highly motivated behaviours. A major behavioural
disorder in domestic pigs is the occurrence of tail biting (e.g. Beattie et al., 1995;
Bolhuis et al., 2005; Fraser et al., 1991; Petersen et al., 1995), which mainly occur
during rearing (Blackshaw, 1981; Schragder-Petersen et al., 2010; Veit et al., 2016)
and can be reduced but not fully prevented in pigs by docked tails (Hunter et al.,
2001; Larsen et al., 2018; Li et al., 2017). This is why most of the pigs in the
European Union have docked tails, although routine tail docking is legally
prohibited by law (Anonymous, 2008). Tail biting is assumed to be strongly related
to sensory stimulation and the motivation to forage (Wood-Gush and Vestergaard,
1989). Despite this potential underlying motivation, many other factors, like e.g.
genetic, growth, health, feed, space availability or climate, can contribute to the
prevalence of tail biting (Brunberg et al., 2016; Schrgder-Petersen and Simonsen,
2001). Injured tails from biting can lead to health problems in pigs and can also
cause economic losses (Spinka, 2018), due to reduced daily weight gains during
fattening (Marques et al., 2012; Sinisalo et al., 2012) or even death of pigs.
Provision of suitable enrichment material, enabling the pigs to explore, to forage
and to root, is assumed to reduce the prevalence of tail biting (EFSA, 2014; Hunter
et al., 2001; Larsen et al., 2018; Spinka, 2018). However, specifications for
providing enrichment materials for pigs is regulated differently depending on the
region (van de Weerd and Ison, 2019). In the European Union, provision of
enrichment material is defined by the Council Directive 2008/120/EC (2008). To
sustainably stimulate explorative behaviour in pigs, enrichment material must fulfil
certain characteristics. It should be changeable, manipulable, chewable, edible
and/or odorous (Fraser et al., 1991; Jensen and Pedersen, 2007; Studnitz et al.,
2007; Van de Perre et al., 2011; Van de Weerd et al., 2003). Plant-based materials
can very well match all of these requirements. Especially straw is well known to

have positive effects on the prevalence of behaviour problems such as tail biting
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from weaning to finishing pigs (Bolhuis et al., 2005; Fraser et al., 1991; Hunter et
al., 2001; Peeters et al., 2006; Van de Weerd et al., 2006). However, in commercial
housing systems with slatted floors some plant-based enrichment materials can
cause technical problems with the slurry system. As 87% of the weaning pigs and
91% of the growing and finishing pigs in the European Union are kept on slatted
floors (EFSA, 2007), most pigs receive durable non-plant-based enrichment
materials to avoid technical problems and to lower time investments and costs on
the farms. However, pigs tend to habituate to durable enrichment materials faster
than to straw (Scott et al., 2006). In common pig housings with fully slatted floor
pelletized plant-based enrichment material may help to solve this conflict of interest
between animals’ requirements and farmers’ technical prerequisites as they may
fulfil most or even all of the characteristics for sustainably interesting enrichment
material and — due to its fine structure, they can disperse in the slurry system. If
pigs are given the choice, they prefer pelletized plant-based materials over
chopped and powdered materials (Kauselmann et al., 2020a; Zwicker et al., 2013)
and this may be a suitable alternative to non-pelletized plant-based materials, like

straw.

In the present long-term study, we investigated in undocked, commercially housed
rearing and fattening pigs how different structured plant-based enrichment
materials affect exploration durations, measured as time individual pigs stayed at
the dispenser of enrichment material. Furthermore, we explored potential
relationships between the type of enrichment material offered, recorded tail length
losses and injuries. We hypothesized that the offered enrichment materials
specifically affect the duration of exploration behaviour in pigs, what in turn may

have an impact on the occurrence of abnormal behaviour, like tail biting.

2. Methods

2.1 Animals and housing

For the study we used the pigs of two successive trials that included both the
rearing and fattening period, respectively. Due to technical modifications within the
first rearing period, these data were not included in the analysis. However, piglets

from this first rearing period received the same treatment as piglets from the
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second trial. Thus, we used a total of 192 crossbred female and castrated male
pigs (German Piétrain x German Hybrid; trial 1: 42 females and 54 castrated males;
trial 2: 43 females and 53 castrated males). Pigs of both sexes were randomly
allocated to the pens. The study was conducted from September 2017 to March
2018 at the Bildungs- und Wissenszentrum Boxberg (LSZ), Germany. The pigs
were housed in forced ventilated barns, had not been tail docked and were familiar
to daily human contact. The day before weaning (day 28), piglets were weighed
and ear tagged with two identical numbered ultra-high-frequency radio-frequency
identification (UHF RFID) tags (MS Tag Round UHF, MS Schippers, Netherlands)
with a diameter of 3 cm, one per ear for individual animal identification. At an age
of 28 days the piglets (7.8 kg £ 2.0 kg S.D.) were weaned and transferred from the
farrowing pens to the rearing barn where they were randomly allocated to four
identical rearing pens with 15 m? (5m x 3m) floor space (0.6 m? per animal; Fig.
1b) for 24 piglets each. The rearing pens were continuously numbered (4 rearing
penlDs in total, which were considered as random nesting factors in the analysis).
Pens had 7.5 m? slatted plastic floors with 38.5% perforation, 3.0 m? slatted
concrete floors with 17.0% perforation and 4.5 m? partly slatted concrete floors with
7.0% perforation under a heated covering. Piglets had ad libitum access to water
from two nipple drinkers and two drinking bowls (Suevia, 92 R) per pen and were
fed ad libitum with mashed food from an automatic mash feeder (2.4:1 animal :
feeding place ratio). After two weeks of rearing, food composition was altered (for
detailed information see electronic supplementary Table 1). Since the farm
participates in the German volunteer program to improve welfare “Initiative
Tierwoh!” (ITW), all pens have been equipped with additional enrichment material
at any time, i.e. two sisal ropes, a piece of wood hanging on metal chains and a
scrubber bar, according to the respective ITW-program specifications. After seven
weeks of rearing, animals weighed 30.3 kg (+ 6.6 kg S.D.) on average and were
moved to the fattening pens. As mentioned above, exploration durations were
recorded for one trial (96 pigs) during rearing. However, pigs of both trials received
the same treatment during rearing and were used in fattening. Thus, in both trials,
pigs of the four rearing groups were split randomly in two halves and the resulting
eight groups of 12 pigs, respectively, were allocated to the fattening pens, i.e. pigs
remained in groups with familiar peers. Thereby all pigs within a given group
received the same treatment prior to fattening.
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Fig. 1. Schematic drawing of a (a) material dispenser with UHF RFID antenna (grey), (b) rearing
pen and (c) fattening pen with partly slatted concrete floor with 7% perforation (lined), slatted
concrete floor with 17% perforation (white), slatted plastic floor with 38.5% perforation (light grey)

and heated covering (dark grey).

Fattening pens had 15 m? (5 m x 3 m) floor space resulting in 1.1 m? per animal
(Fig. 1c). The fattening pens were continuously numbered (16 fattening penIDs in
total, which were considered in the respective analyses as random nesting factors).
The floor of pens had concrete slats with 17% perforation. Pigs had free access to
water from four nipple drinkers in each pen and were fed ad libitum with pelleted
concentrate from a single feeder. Food composition changed at an average weight
of 80 kg, i.e. at an age of about 18 weeks (after about seven weeks of fattening;
for detailed information about food composition see the electronic supplementary
Table 1). As explained above, the fattening pens had to be equipped with additional
enrichment materials at any time, i.e. two sisal ropes and a piece of wood hanging
on metal chains, due to the participation in the above mentioned ITW program.
Data collection stopped after eight weeks of fattening. At this time, pigs of trial 1
weighed 92.6 kg (x 10.6 kg S.D.) at an age of 20 weeks. This first trial started in
the second week of fattening because in the first week we validated the RFID data
based on video recordings (see below). Pigs of trial 2 were 19 weeks old and
weighed 78.5 kg (£ 13.7 kg S.D.).
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2.2. Plant-based enrichment material and data collection

During the seven weeks of rearing and the eight weeks of fattening, four different
enrichment materials were successively offered in a systematically altering
biweekly order (two-week sections). From now on, the two-week sections in which
a material was offered will be referred to as “section”. Thus, resulting in four
sections in rearing and fattening, while the fourth section in the rearing period
lasted one week. Sections, i.e. when enrichment materials were altered, were
considered as repeated measurements. Thereby, in each of the four rearing pens
a different material was offered at the same time. During fattening, each of the
different materials were simultaneously provided in two of eight pens. As materials
we used lucerne pellets (LP), straw pellets (SP), chopped hay (CH) or chopped
straw (CS) (Table 1). All materials were offered by identical material dispensers
(described below). We took exploration duration of individual pigs to the different
enrichment materials into account for the analysis, with section as repeated
measure and to take the non-independency of these repeated measures PenID
was considered as random factor (see details in the statistical methods). At the
beginning of rearing and fattening, as well as on the days of material change (every
section, i.e. two weeks), pigs were individually weighted. Furthermore, on days of
material change also the tail status (injuries and losses of tail length) of each pig
was recorded according to the “Deutscher Schweine Boniturschliissel” (DSBS).
Accordingly, tail injuries were recorded in four categories: (0) no injuries, (1)
superficial perforation of the skin, punctually or in the form of a line, (2) deeper
perforation of the skin, maximum as large as the diameter of the tail at the
respective point, and (3) deeper perforation of the skin, larger than the diameter of
the tail at the respective point. Tail length was recorded in five categories: (0)
full/natural length, i.e. tails with intact and complete tassel; as tails grow initially
with age, the length losses of more than one-third/two-thirds were assessed with
reference to the length of currently existing intact tails of the penmates. (1) length
loss up to one-third, i.e. also minimal losses at the tassel were included, (2) length
loss up to two-thirds, (3) length loss more than two-thirds and (4) total loss with a
maximum of 1 cm leftover for piglets in the rearing and 2 cm leftover for pigs in the
fattening. However, it should be noted that in category 1 often only losses of a

small part of the tail tip were observed and category 4 was never recorded.
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Table 1. Description and dimension of the enrichment materials tested.

Plant-based enrichment Description Dimension

material

Chopped straw (CS) Barley straw, chopped length about 10 mm to 100 mm
Chopped hay (CH) Hay of the first harvest, chopped length about 10 mm to 100 mm
Straw pellets (SP) Barley straw, pressed in pellets width about 8 mm,

length about 5 mm to 15 mm
Lucerne pellets (LP) Lucerne hay (Medicago sativa), width about 8 mm,

pressed in pellets length about 5 mm to 15 mm

All rearing and fattening pens were equipped with identical round material
dispensers (Fig. 1a-c) with a 100 cm high storage tube and a diameter of 25 cm
through which plant-based enrichment materials were offered. Depending on the
material, the storage tube of the material dispenser was slightly adjusted, i.e. the
gap on the ground of the dispenser had a width of 1.5 cm when lucerne pellets and
straw pellets were offered and 2.4 cm when chopped straw and chopped hay were
offered. Between the storage tube and the mat underneath a 25 cm long, 5 cm
wide and 0.8 cm thick movable bolt of plastic with a ball (diameter 5.5 cm) at both
ends was installed (Fig. 1a and Supplementary Fig. 1). Thus, the animals had to
manipulate the ground of the dispenser by moving the bolt in order to get access
to the material. The storage tube of the round material dispensers in the rearing
and fattening pens were manually-filled regularly so that the pigs always had
material to their disposal according to the study plan. A 10 cm high cement ring
with an inner diameter of 63 cm was used to create a rooting area around the
storage tube on the floor. The cement ring and the mat underneath prevent the
material from falling through the slatted floor. To calculate dispenser place ratios,
recommendations for feeding places were used (18 cm for rearing pigs and 33 cm
for fattening pigs) (Averberg et al., 2018). Thus, animal:dispenser place ratio was
1.7:1in the rearing pens and 1.5:1 in the fattening pens. Inside the storage tube of
each material dispenser, a dust- and waterproof UHF RFID antenna (Kathrein
MiRa ETSI) was installed horizontally at a height of 50 cm above the floor in order
to read the individual RFID ear tags from the pigs next to the material dispenser
and, thus, probably were using the material. The durations of animal visits were

recorded continuously (24 h a day) from rearing to fattening. Further details about
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the study plan and quantity of used enrichment materials were given in the
electronic supplementary material (supplementary table 2 and 3).

Housing and management of the animals was in compliance with German
legislation (TierSchNutztV, 2017) for farm animals. As described above, space
allowance and access to offered enrichment material exceeded the legal
requirements. All animals were visually inspected during daily routines. The data
acquisition was performed in accordance with the laws of Germany at that time
and did not require specific approval. The data was recorded on a licensed farm
that produces, rears, fattens and markets pigs (VVVO-Number: 08 128 0140 538).
Pigs from the study were marketed after the study.

2.3. Validity of the used RFID system for measuring exploration behaviour

Prior to the study, we tested the conformity between the RFID data and video
recordings of the exploration of the material dispensers by using different antenna
output powers according to Adrion et al. (2018). Videos of pigs exploring at the
material dispenser were evaluated by using the software INTERACT (version
17.0.2.13, Mangold International GmbH, Germany). On videos, the inner area of
the cement ring was defined as the area where exploration with the respective
material appeared. Thus, exploration was defined as, when the snout of a pig
protruded over the inner edge of the cement ring. For validation of the RFID
measured exploration we distinguished four categories considering Maselyne et al.
(2016): A pig was recorded in the exploration area via video and RFID (RP). A pig
was recorded in the exploration area via video but not recorded by RFID (WN). A
pig was recorded outside the exploration area via video and by RFID (RN). A pig
was recorded outside the exploration area via video and inside the exploration area
by RFID (WP). To calculate the sensitivity and specifity, the following formulae

were used:

RP
RP + WN

Sensitivity (%) = * 100 Q)
RN
RN + WP

Specifity (%) =

* 100 (2
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Considering rearing and fattening, sensitivity and specifity were highest with an
antenna output power of 22.4 dBm. Best conformity between the RFID data and
video recordings were achieved when RFID recordings with a maximum pause
time of 30 s between two readings of a pig were summarized. With this setting, we
reached a sensitivity (1) of 70.7% for dispensers in the rearing pens and of 79.3%
in the fattening pens. The calculated specifity (2) was 99.4% for the material
dispensers in the rearing pens and 99.5% in the fattening pens (see the electronic

supplementary material for further details).

Using a software (Phenobyte GmbH & Co. KG., Germany) each animal was
assigned to an identification number, the tag number, its pen and the respective
antenna. Whenever the antenna perceived an individual UHF RFID tag, the reader
collected the date and time of the beginning and the end of the event. These
recordings were done continuously throughout the entire rearing and fattening
periods. All collected data were transmitted to a database. Short breaks of
recorded data were counted as exploration time; in case a certain recording of an
UHF RFID tag was interrupted for less than 30 s (maximum pause time) this
recording still was counted as one visit at the dispenser. Thus, readings that were
missing due to transponders covered by pen mates could be bridged.

2.4. Statistical analysis

We used average weekly individual pigs’ exploration behaviour for further analysis,
i.e. data from 96 piglets during rearing (as described above, in rearing only trial 1
was considered) and, after a total of three losses due to illness during rearing
period, during fattening data from 95 pigs (42 females and 53 castrated males)
from trial 1 and data from 94 pigs (42 females and 52 castrated males) from trial 2
were included in the analyses. All animals were continuously numbered and this
number was considered as animallD in the models (see below). The pens in
rearing and fattening were also continuously numbered (peniID) to be included in

the models (see below).

We checked whether or not sex of the pigs had an effect on tail biting as there are
contradictory findings (e.g. Brunberg et al., 2011; Hakansson et al., 2020;

Zonderland et al., 2010, 2011). We found no effect of sex on tail length in rearing
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(p = 0.78) or fattening (p = 0.94) and thus do not consider that additional factor in
the analysis.

For analysis of the exploration duration pigs spent with the material dispenser we
calculated the exploration duration for each individual pig in the following scale
[duration of exploration / week] for each section. Data were separately analyzed
for the rearing and the fattening period in a repeated measures (sections, i.e. 2-
week-intervals) mixed model, respectively. We show the detailed hierarchical
model structure for the rearing and fattening in the electronic supplement
(Supplementary Fig. 2 and 3). The data were log (log (x+1)) transformed in order
to achieve a normal distribution of the residuals, checked by visual inspection of
the Q-Q plot. We used a linear mixed effect model (LME) with the explanatory
variables (i) type of plant-based enrichment material provided in the material
dispenser (4-level factor), (ii) sectionID to account for repetitions, (iii) body weight
measured at the end of the respective section and (iv) all two-way interactions. As
multiple exploration measures from the pigs were not independent over repeated
measures and between penmates, we considered animallD within penID as
nesting random factors. In case of a significant effect of enrichment material on

pigs’ exploration durations, we calculated post hoc pairwise t-tests, respectively.

The daily weight gain for a respective two-week section was calculated for each
pig and was analyzed separately for rearing and fattening. We respectively used a
LME with the explanatory variables (i) type of plant-based enrichment material
provided in the material dispenser (4- level factor), (ii) sectionID and (iii) the two-
way interactions. Random factors were again animallD and penlID. Post hoc
pairwise comparisons (t-test) were calculated for the factor section, in case that

significant effects appeared.

To assign the length losses of the tails to the enrichment material offered during
each section, we calculated A-tail length for each pig and section. For example if
one pig had a tail length of category 0 at the beginning of section 1 and of category
1 after section 1, A-tail length was 1 (0-1) for section 1. If the same pig still had a
tail length of category 1 after section 2 and a tail length of category 2 after section
3, A-tail length was 0 (1-1) for section 2 and 1 (2-1) for section 3. The scores for
the A-tail length as well as the score of skin injuries at the tails were analyzed

during both rearing and fattening in generalized linear mixed models (GLMM’s)
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with Poisson distribution, using (i) type of plant-based enrichment material provided
in the dispenser, (ii) section and (iii) their interaction as explanatory variable.
animallD within penlD were considered as nesting random factor. Due to
convergence problems caused by many zero values, the scores for tail injuries and
A-tail length were transformed ((tail injuries+1l) and (A-tail length+1)) and
interactions between the enrichment material and section could not be considered
in the model to analyze injuries at the tails. The p-values for the GLMM’s were

calculated using the package car (Fox and Weisberg, 2019).

All analyses were calculated with R 3.3.1 (R Core Team, 2019) using the package
nime (Pinheiro et al., 2019), Ime4 (Bates et al., 2015) and car (Fox and Weisberg,
2019).

3. Results

3.1. Effects of plant-based materials during rearing of piglets

The exploration durations rearing pigs spent at the material dispenser differed
significantly between the offered plant-based enrichment materials (LME, factor
material, r3, 261 = 65.1, p < 0.0001). Post hoc pairwise comparisons showed that
rearing pigs spent significantly more time exploring lucerne pellets (LP) and straw
pellets (SP), compared to chopped hay (CH) and chopped straw (CS) (for all four
comparisons p < 0.001). Additionally, they spent significantly more time exploring
CH than with CS (p = 0.01). Median exploration durations ranged from 63.7 min
(CS) to 131.3 min (LP) per week and animal during the rearing period. Exploration
duration of piglets was affected by section (LME, factor section, F3, 261 = 30.6, p <
0.0001) and was highest in section 4. There were significant interactions between
enrichment material and weight of the pigs (LME, F3, 261 =4.2, p <0.01). Exploration
durations were recorded at a low level for CS and CH (between 6.9 and 239.8 min
per pig and week), but evenly distributed across weights of the pigs. Higher levels
of explorations were recorded when LP (between 11.7 and 503.6 min per pig and
week) or SP (between 11.7 and 473.1 min per pig and week) was offered. Most
exploration durations were recorded in pigs of higher weights for LP and in pigs of

lower weights for SP. In addition, section and enrichment material significantly
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3. Effect of plant-based enrichment materials on exploration in rearing and fattening pigs
(Sus scrofa domesticus)

interacted (LME, Fo,261= 3.7, p < 0.001, Fig. 2a-d). During section 1 and 2, piglets
explored SP most and LP was preferred during section 3 and 4.

The most activity at the dispensers was recorded between 9:00 and 19:00 with a
peak in the afternoon. During this time, in average 11.0 min exploration per pig was

measured, which represents 74.8% of activity at the material dispenser.

The daily weight gains of piglets were affected by the enrichment materials (LME,
factor material, F3, 268 = 22.1, p < 0.0001) and by section (LME, section, F3, 268 =
717.6, p = 0.0001). The interaction between enrichment material and section was
also significant (LME, Fo, 268 = 4.7, p < 0.0001). Daily weight gains continuously
increased from section 1 to section 4 and were highest for CS and LP in section 1,
CH in section 2, LP in section 3 and CH in section 4. During the seven weeks of
rearing, piglets reached a daily weight gain of 483.4 g (x113.6 g S.D.). Detailed
information on the weights of the pigs were given in the supplementary table 4.

The different plant-based enrichment materials did not affect the A-tail length,
however, there was a tendency (GLMM, factor material, n = 378, x>3 = 7.5, p =
0.057; Fig. 3a). Category 0 was most frequently scored in 91.5% of the tails when
SP was offered. Whereby, after CS was offered, the examination of the tails
showed the most tail length losses (43.2% category 1 and 4.2% category 2). There
were no differences in A-tail lengths (GLMM, factor section, n =378, x3=5.4,p =

0.1; Fig. 3b) between the sections.

The severity of injuries at the tails were affected by the different plant-based
enrichment materials (GLMM, factor material, n = 378, x% = 21.6, p < 0.0001, Fig.
4a). During the whole test, most of the scored tails had no injuries (category 0).
After SP was offered, 91.5% of the tails showed category 0. The most injuries of
category 3 (19.1%) were scored after LP was offered. There was a significant
difference of tail injuries between the sections (GLMM, factor section, n = 378, x%s
=7.9, p <0.05, Fig. 4b). The severity of injuries of the tails decreased from section
1 to section 2 and increased again from section 2 to section 4. The interaction
between material and section was significant (GLMM, n = 378, x% = 72.5, p <
0.0001). Most injuries of the tails occurred when CS was offered in section 1, when

CH was offered in section 2 and 3 and when LP was offered in section 4. In all four
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sections, the percentage of pigs with injuries at the tails were low when SP was

offered.

Fig. 2. Median exploration duration (boxplots) per animal and week at the material dispenser,
filled with chopped hay (CH), chopped straw (CS), lucerne pellets (LP) and straw pellets (SP)
during (a) section 1,(b) section 2,(c) section 3 and (d) section 4 in the rearing period. Boxplots

show the median, quartiles and outliers, i.e. data point that lie outside the 10th and 90th

percentiles.
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Fig. 3. Percentage of A-tail length during rearing period (a) after chopped hay (CH), chopped straw

(CS), lucerne pellets (LP) and straw pellets (SP) were offered and (b) in the two-week sections (1

to 4) of observation.
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Fig. 4. Percentage of scored tail injuries during rearing period ((0) no injuries, (1) superficial

perforation of the skin, punctually or in the form of a line, (2) deeper, planar perforation of the skin,

maximum as large as the diameter of the tail at the respective point, (3) deeper, planar perforation

of the skin, larger than the diameter of the tail at the respective point) (a) after chopped hay (CH),

chopped straw (CS), lucerne pellets (LP) and straw pellets (SP) were offered and (b) in the two-

week sections (1 to 4) of observation.
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3.2. Effects of plant-based materials during fattening of pigs

The different plant-based enrichment materials affected the exploration duration of
fattening pigs at the material dispenser (LME, factor material, Fs s01 = 15.8, p <
0.0001, Fig. 5). Post hoc pairwise comparisons revealed that pigs spent significant
more time exploring at the material dispenser when CH was offered, compared to
CS and SP (both p < 0.05), but not between the other materials. Median exploration
durations ranged from 192.7 min (SP) to 270.7 min (CH) per week and animal.
Exploration durations of pigs were affected by section (LME, factor section, F3, 501
= 129.9, p < 0.0001) and continuously increased from section 1 to section 4(p <
0.05 for all comparisons). Also weights of animals influenced exploration duration
of pigs (LME, factor weight, F1, 501 = 26.9, p < 0.0001). The pigs with intermediate
weights showed highest exploration durations, while pigs with higher or lower
weights showed less exploration. Significant interactions also occurred between
enrichment material and weight (LME, Fs, s01 = 4.3, p < 0.01). For all four
enrichment materials, highest exploration durations per pig and week were
recorded in pigs with intermediate weights, while pigs with lower or higher weights
showed less exploration. However, when CH was offered exploration durations
were positively related to higher weights. There was a significant interaction
between enrichment material and section (LME, Fo, 501 = 2.4, p < 0.05). During all
four sections CH was explored most by the fattening pigs. Besides CH, LP was

explored with a similar intense in sections 1 and 4 and CS in section 2.

During fattening, the most activity at the material dispenser was recorded between
9:00 and 19:00 with a peak in the afternoon. During this time, in average 32.6 min
exploration per pig was measured, which represents 80.9 % of daily activity at the

material dispenser.

The daily weight gains of fattening pigs were affected by the section (LME, section,
F3,419 = 207.2, P =0.0001) and continuously increased from section 1 to section
4. Post hoc pairwise comparisons revealed significant differences between all
sections (p < 0.001 for all comparisons). There was no effect of the material on the
daily weight gains (LME, material, F3, 419 = 1.3, p = 0.3). Pigs reached a daily weight
gain of 1001.0 g (#113.6 g S.D.) during the first nine weeks of fattening in the first
trial (data collection started in the second week of fattening) and of 835.2 g (+x134.8

g S.D.) during the first eight weeks of fattening in the second trial.
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Fig. 5. Median exploration duration (boxplots) per animal and week at the material dispenser, filled
with chopped hay (CH), chopped straw (CS), lucerne pellets (LP) and straw pellets (SP) during

fattening period. Different letters indicate significant differences.

The percentage of A-tail lengths were neither affected by the different plant-based
enrichment materials (GLMM, factor material, n = 704, x%3 = 1.3, p = 0.7) nor by
the sections (GLMM, factor section, n = 704, x%3 = 2.1, p = 0.6). New scored tail
length losses ranged from 9.7% when CH was offered to 4.5% when SP was

offered.

The offered plant-based enrichment materials did not affect the percentage of
injuries at the tails of the pigs (GLMM, factor material, n = 704, x“3 = 5.5, p = 0.1).
With 82.9% (CH) to 89.8% (LP), most tails were classified in category 0. Injuries at
the tails of the pigs were affected by section (GLMM, factor section, n = 704, x%3 =

14.2, p < 0.01). Most injuries occurred during section 1 and section 2.
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4. Discussion

Our results show that pigs intensively explored the offered plant-based enrichment
materials but at different extents. Furthermore, exploration of particular plant-
based enrichment materials differed between the rearing and fattening phase.
Piglets preferred pelletized materials of either lucerne (LP) or straw (SP), while
fattening pigs favoured chopped materials, such as hay (CH) for exploration. We
also found differences in length losses and injuries of tails in rearing and fattening.
During rearing, length losses tended to be different between the plant-based
enrichment materials. Piglets showed the most new scored length losses when
chopped materials were offered such as chopped straw (CS) or chopped hay (CH)
compared to times when pelletized materials were provided (LP and SP). This
pattern was not as clear in tail injuries of piglets, as most injuries appeared with
lucerne pellets and fewest with straw pellets. During fattening, no differences in tail
length losses and tail injuries between the different pelletized or chopped plant-

based enrichment materials were found.

The higher exploration durations for pelletized materials (i.e. lucerne pellets (LP)
and straw pellets (SP)) by rearing pigs are in line with previous findings in fattening
pigs. In a short-term choice test, fattening pigs explored lucerne pellets and straw
pellets more often, compared to chopped straw, chopped hay and lignocellulose
(Kauselmann et al., 2020a). In a long-term study, finishing pigs preferred straw
pellets compared to chopped straw, chopped Miscanthus giganteus and bark
compost (Zwicker et al., 2013). However, in contrast to the study of Zwicker et al.
(2013) and Kauselmann et al. (2020a), we found in fattening pigs that they
preferred chopped material, i.e. hay (CH) compared to CS and SP while lucerne
pellets (LP) were intermediate. Thus, the focus of exploration in plant-based
enrichment materials changed from rearing to fattening in our study, without being
a result from habituation, as all materials were equally distributed in an alternating
order to the animals. Kauselmann et al. (2020a) tested the short-term preference
for six different materials with single pigs in a 2.5-minutes test paradigm. Zwicker
et al. (2013) offered four different materials that changed every three weeks. In that
study, a maximum of four out of six pigs had simultaneous access to the dispenser
in which straw pellets were offered. These differences to our study, in which a

single material altered biweekly and about eight out of twelve pigs had
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simultaneous access to the dispenser could have contributed the different results.
Changed exploration behaviours of pigs were also shown in previous studies. For
example, pre-parturient sows show changed motivations to get access to straw, as
24 h before farrowing, access to straw has a higher importance than 2 days before
farrowing (Arey, 1992). Thus, the motivation to interact with enrichment materials
can be hormonally induced. In addition, it has been found that the intensity of
exploring different enrichment materials can change from sucklers to weaners and
growers (Docking et al., 2008). Thus, the motivation to interact with enrichment
materials might change with age or time spent with enrichment might be reduced
in favour of other behaviours such as play in rearing pigs or both.

While in our study fattening pigs spent most exploration duration with chopped
materials, rearing pigs mostly explored pellets, which can be chewed in smaller
pieces. Previous studies suggest that chewing seems to be an important part of
exploration behaviour in pigs (Fraser et al.,, 1991; Oostindjer et al., 2011) and
chewing also is part of manipulation behaviour such as tail and ear biting (Bolhuis
et al., 2005; Fraser et al., 1991; Oostindjer et al., 2011; Peeters et al., 2006). In
addition, chewing seems to be an important part of feeding behaviour, as rearing
piglets prefer pelletized to mashed diets with the same ingredients (Sola-Oriol et
al., 2008). In our study, food structure changed from mashed food during rearing
to pelleted food during fattening. Thus, it might be possible that a motivation of pigs
to chew cannot sufficiently be satisfied with mashed food during rearing and, thus,
piglets may have tried to compensate this with exploring and chewing LP and SP.
In contrast, during fattening pelleted food was offered that could be chewed by the
pigs. It might also be possible that intrinsic preferences for materials changed from
rearing to fattening. This idea might be supported from the finding that fattening
pigs explored lucerne and hay to a higher extend compared to straw, irrespective
from whether materials were offered in chopped or pelleted form. These
comparisons show that the straw-based materials were less attractive for fattening
pigs to both lucerne and hay, which might be due to its lower nutritional value or
due to differences in flavour. It is well known that pigs choose their food according
to its nutrient composition (Kyriazakis and Emmans, 1995; Whittemore et al., 2001)
and that pigs show preferences for certain flavours (Hellekant and Danilova, 1999;

Kauselmann et al., 2020a; Kauselmann et al. (submitted); Tinti et al., 2000). Thus,
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nutritional content or flavour of enrichment materials might be an important

property to be considered.

Median exploration durations ranged from 63.7 min (CS) to 131.3 min (LP) per
week and animal during the rearing period and from 192.7 min (SP) to 270.7 min
(CH) per week and animal during the fattening period. Thus, rearing pigs explored
LP as the most attractive enrichment material at 1.3% of the 24h-day, while a
fattening pig spent 2.7% of the day with the most attractive material (CH). These
findings are comparable to other studies, which found pigs to 0.3% to 27.4% of
observations exploring enrichment material (Lyons et al., 1995; Scott et al., 2006,
2007; Trickett et al., 2009; Van de Weerd et al., 2006). However, it has to be
considered that these studies used time sampling methods and animals were
observed during the main hours of activity that started between 8:30 and 9:30 and
ended between 17:00 and 20:30. In our study, the duration pigs spent at the
material dispenser was continuously recorded (24 h a day) throughout the whole
rearing and fattening period. The most activity at the material dispenser was
recorded from 9:00 to 19:00, i.e. more or less during the light phase of the day with
a peak in the afternoon. During this time each animal spent on average 11.0 min
per day at the material dispenser during rearing (1.8% of time) and 32.6 min during
fattening (5.4% of time). This proportions were still in the lower range compared to
other studies. However, it has to be considered that due to the participation in the
German ITW program the pens were equipped with additional enrichment
materials for which we did not recorded exploration durations of the pigs.

Exploration behaviour in rearing and fattening shows a single peak in the
afternoon, which already has been described for autumn and winter season
(Kauselmann et al., 2020b). However, fattening pigs spent almost twice more time
at the material dispenser than rearing pigs, although the materials known from
rearing were offered again during fattening. As pigs usually habituate to enrichment
material, which has been shown by decreasing exploration over time in previous
studies (Trickett et al., 2009; Van de Perre et al., 2011), it could have been
expected that exploration duration would decrease from rearing to fattening.
However, as mentioned above, the time budget for different behaviours can
change with age, as growers spent more time inactive compared to sucklers and

weaners, but spent most of their active time with object direct behaviour (Docking
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et al., 2008). It is so far barely investigated for how long a pig can remember
enrichment materials. When enrichment material was offered for two days, pigs
remembered it up to five days and preferred a novel enrichment material (Gifford
et al., 2007). In addition, the weekly rotation of different enrichment materials
increased novelty but cannot completely avoid habituation (Trickett et al., 2009).
The used material dispenser in our study was well-accepted by the pigs and even
increased their interest over time for the material changed every two weeks.
However, also age-related changes in activity could have affected an increase of

exploration duration from rearing to fattening.

There was an effect of the offered enrichment materials on the daily weight gains
of the pigs during rearing but not during fattening. During rearing, highest daily
weight gains were found when chopped hay was offered. The offered quantities in
means of weight were higher for pelletized than for chopped materials (data shown
in the supplementary table 3). However, it has to be considered that pellets have
a higher density and, therefore, they have a higher weight compared to chopped
straw and hay with the same volume. As considerable proportions of materials
have fallen through the slatted floor we are not able to estimate the material that
actually was eaten by pigs. Anyway, the high exploration durations for pelletized
materials could have led to a reduced food consumption and, therefore, to reduced
weight gains. However, even strongly preferred plant-based material did not
reduce food intake compared to less preferred materials in the fattening period in
which exploration duration at the dispensers were even higher compared to
rearing. Similar results were shown in a comparison of different roughages as
enrichment material for fattening pigs, where the offered materials affected

exploration duration of pigs but not their daily weight gains (Olsen et al., 2000).

In our study, rearing pigs spent the most time at the material dispenser when LP
and SP were offered. Interestingly, we found a tendency that the fewest tail length
losses appear when using these two materials. The use of enrichment materials
reduces manipulation behaviour against penmates (Bolhuis et al., 2005; Fraser et
al., 1991; Peeters et al., 2006). It is obvious that the more time piglets spent with

plant-based manipulable enrichment material, the less length losses occur.

Beside this effect of type of material, the amount of pigs with tail length losses

during rearing increased from section 1 to section 4 (i.e. from the first to seventh
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week of rearing). Thus, an additional time effect has to be considered. Previous
studies found that tail biting is a problem especially during rearing, what can be
confirmed by our data. Schrgder-Petersen et al. (2010) investigated tail-in-mouth
behaviour in piglets at an age between five and eight weeks. They found that oral
manipulation of the penmates’ tails increased with age. In Blackshaw (1981), tail
biting occurs first between the first and seventh week after weaning. Jans-
Wenstrup (2018) observed that the frequency of tail lesions in piglets increased
from an age of four weeks to an age of eight weeks but varies between the
evaluated groups. In addition, the severity of tail lesions increased over this time.
Abriel and Jais (2013) and Veit (2016) found the most tail injuries in piglets from
the second to third week after weaning, with a peak at the fifth week after weaning
(Veit, 2016). Both, weight and age of pigs, which are directly related to each other,

influence tail biting in pigs (Schrgder-Petersen and Simonsen, 2001).

In our study, we had barely changes in tail length losses during the fattening period
(section 1 to 4), compared to the rearing period. It might be that the already short
tails in the fattening period were not bitten as much as long tails during the rearing
period. The shorter tails in fattening may have the same effect as docked tails,
which were less affected by tail biting in different management systems compared
to undocked tails (Hunter et al., 2001). In addition or alternatively, the higher

exploration durations at the dispenser reduced tail biting in the fattening pigs.

During rearing, the most tails without injuries (category 0) were found when SP
(straw pellets) was provided, which was one of the preferred materials of the
piglets. Surprisingly, we found the same levels of exploration duration for LP, where
we had the most tail injuries. During the fattening period we found a similar but less
pattern which however, was not significant. Here, CH was explored most and again
the highest incidence and severity of tail injuries were found when CH was offered.
However, tail length losses were not affected. A possible explanation for increased
tail biting while highly preferred materials had been offered is that the popular
material triggered competition for access to the material. This might have induced
social stress leading to tail biting and, thus, tail injuries. In Van de Perre et al. (2011)
very popular toys also increased biting-penmate behaviour in pigs until these toys
were removed from the pens, which terminated competition. Also in Kauselmann

et al. (2020b) the enrichment materials with the highest exploration duration were
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related to an increase in tail length losses. Another possibility might be that an
increased tail biting activity coincide with a higher use of the offered material, i.e.
that an increasing motivation for oral manipulation results in both tail biting and use
of material in parallel. Anyway, this would mean that offering enrichment material

as in our study might not fully compensate the need for manipulation.

The occurrence of tail injuries changed over time (section 1 to 4) in piglets.
Occurrence of injuries at the tails decreased from section 1 to section 2 and
continuously increased again from section 2 to section 3 and section 4. Similarly,
previous studies found increased tail lesions over time (Hakansson et al., 2020;
Veit et al., 2016). In section 1, we recorded the most tail injuries compared to the
following sections. However, the fewest A-tail lengths occurred in section 1 (and
section 4). The injuries at the tails in section 1 could be triggered by stress and
social interactions after weaning. When piglets were mixed in new groups, they
were brought in a new environment with different penmates. New environments
and the need to establish social relationships can lead to stress and frustration,
which are risk factors for tail biting in pigs (Schrgder-Petersen and Simonsen,
2001).

As each of the four materials (SP, LP, CH and CS) was offered during each section
in one of the four rearing pens, both the temporal changes in tail status and the
effect of enrichment material on tail status could be considered. During rearing, tail
injuries were affected by material and section and there was a significant
interaction between both factors. We think however, that this interaction has to be
interpreted carefully as we changed the enrichment material in a biweekly order
and there was no material that consistently affected the most tail injuries. Thus, the
order of the enrichment materials could have affected tail injuries as possibly a
preferred material followed by a less preferred material led to frustration in the pigs.
However, the results show that in all four sections low numbers of tail injuries
occurred when SP, one of the most explored enrichment materials during rearing,
was offered. Furthermore, it must be considered that tail biting has multifactorial
causes (Brunberg et al., 2016; Schrgder-Petersen and Simonsen, 2001) and
factors not considered in this study may have affected the results regarding tall

status of the pigs.
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5. Conclusions

Taken together, our study provides new insights in the preferences of commercially
housed rearing and fattening pigs for plant-based enrichment materials over long-
term and their influences on tail biting and injuries. The offered plant-based
enrichment materials were frequently used by the pigs. We found that preferences
for certain plant-based materials changed with age. During rearing, piglets
preferred pelletized materials (LP and SP) accompanied by fewer tail length losses
compared to chopped materials. Fattening pigs explored materials of chopped hay
(CH) more compared to straw-based materials (CS and SP), which might have
age-specific, nutritional or flavour reasons. The overall exploration durations for the
plant-based enrichment materials increased with age, i.e. from rearing to fattening.
Plant-based enrichment materials seem to have age-specific positive effects on
the behaviour and the tail biting prevalence of pigs. However, the cause of the
increased incidence of tail damages combined with high exploration durations
should be further investigated. In addition, it is recommended to measure the
motivation of pigs to explore enrichment materials depending on their age and to
investigate the amount of enrichment material actually eaten by the pigs and the

effects on daily weight gains.
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Summary

Tail biting is one of the biggest problems in pig production systems that causes
animal welfare and economic problems. Therefore, tail docking is a widely used
intervention to reduce tail biting. However, appropriate enrichment material that
stimulates and increases exploration behaviour of pigs also reduces the
prevalence and risk of tail biting. In 288 pigs with undocked tails we investigated
whether the attractiveness of chopped straw (CS) as enrichment material can be
further increased when maize kernels were added (CS+MK). Further, we examined
whether a higher attractiveness is accompanied by reduced tail incidents. We used
material dispensers equipped with ultra-high-frequency radio-frequency
identification (UHF RFID) systems to record individual exploration times of the pigs
to the offered enrichment materials. Furthermore, animals were scored thrice for
tail length losses and tail injuries, i.e. after the rearing period, in the middle of the
fattening period and at the end of the fattening period. Both rearing and fattening
pigs had higher exploration durations when housed with CS+MK compared to CS
(LME: rearing, P<0.001, fattening, P<0.05). Interestingly, enrichment materials not
only remained interesting but were used even more from rearing to fattening.
However, when CS+MK was offered pigs showed a higher prevalence for tail biting
incidents in the rearing, but not in the fattening period, compared to CS (rearing
GLMM, P<0.01). This may have resulted from competition for the more attractive
enrichment material (CS+MK). An edible additive increased the interest for straw

in pigs over long term but could not improve tail status.

Keywords: nutritive additive, fattening, rearing, Sus scrofa domesticus, tail biting

Zusammenfassung

Eine der gréRten Problematiken in der kommerziellen Schweinehaltung ist das
Auftreten von Schwanzbeil3en, was tierschutzrelevante wie auch wirtschaftliche
Probleme verursacht. Daher ist bisher das Schwanzkupieren eine weitverbreitete
Mallnahme, um das Schwanzbeilen zu vermeiden. Jedoch kénnen geeignete
Beschéaftigungsmaterialien, die bei den Tieren zu einem Anstieg der Explorations-
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und Beschaftigungszeit fuhren, das Risiko fur Schwanzbeif3en mindern. An 288
unkupierten Schweinen wurde untersucht, ob gehackseltes Stroh mit Maiskdrnern
(CS+MK) im Vergleich zu gehackseltem Stroh (CS) attraktiver ist und ob eine
hohere Attraktivitat zu weniger Schwanzverletzungen und Teilverlusten wahrend
der Aufzucht und Mast fuhrt. Dafir verwendeten wir Beschéaftigungsautomaten, in
denen ein ultrahochfrequentes Radiofrequenz-Identifikations-System (UHF RFID)
eingebaut wurde, um die individuellen Beschéftigungszeiten der Schweine fir das
angebotene Beschaftigungsmaterial aufzuzeichnen. Weiterhin wurden die
Schwanze der Schweine dreimal bonitiert: nach der Aufzucht, zur Mitte und zum
Ende der Mast. In der Aufzucht und Mast war die Beschaftigungszeit der
Schweine, die CS+MK erhielten, signifikant héher, verglichen mit Schweinen, die
ausschlie3lich CS erhielten (Aufzucht, LME, P<0,001, Mast, LME, P<0,05). Das
Interesse an den eingesetzten Beschaftigungsmaterialien konnte nicht nur
aufrechterhalten werden, sondern stieg interessanterweise von der Aufzucht bis
zur Mast weiter an. Jedoch zeigten Schweine, die CS+MK erhielten, in der
Aufzucht mehr Schwanzlangenverluste als Schweine, die ausschlie3lich CS
erhielten (Aufzucht GLMM, P<0,01). In der Mast gab es keinen Unterschied. Dies
kbnnte moglicherweise daran liegen, dass durch das stark préaferierte
Beschaftigungsmaterial (CS+MK) in der Aufzucht eine Konkurrenz ausgelost
wurde. Ein fressbarer Zusatz steigerte langfristig das Interesse von Schweinen fir

Stroh, konnte den Zustand der Schwéanze jedoch nicht verbessern.

SchlUsselworter: fressbare Zuséatze, Aufzucht, Mast, Sus scrofa domesticus,

SchwanzbeilRen

Introduction

Abnormal behaviours appear often in commercially housed pigs and are
considered as important indicators for animal welfare problems (Beattie et al. 1995,
Schouten 1986). Behavioural disorders of domestic pigs are especially manifested
in tail biting (e.g. Beattie et al. 1995, Bolhuis et al. 2005, Fraser et al. 1991,
Petersen et al. 1995), which mainly occur during the rearing period (Abriel and Jais
2013, Blackshaw 1981, Jans-Wenstrup 2018, Schrgder-Petersen et al. 2010, Veit
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et al. 2016). Indications of physiological stress were found in tail biters
(Munsterhjelm et al. 2013) and it is assumed that pigs try to compensate for
occurring stressors by biting the tails of their penmates (Schrgder-Petersen and
Simonsen 2001). The consequences of tail biting for the victim pigs range from
skin injuries, to tail losses or even to inflammation and abscesses as a late
consequence (Kritas and Morrison 2007, Li et al. 2017, Valros et al. 2007). Beside
these severe animal welfare and health issues, these animal-related
consequences also can cause economic losses for the farmers (Kritas and
Morrison 2007, Li et al. 2017, Valros et al. 2007). To reduce the occurrence of tail
biting, tail docking is so far a widely used method that reduces but does not prevent
the risk for tail damages (Hunter et al. 2001, Larsen et al. 2018, Li et al. 2017). Tall
docking as other interventions (Veit et al. 2017) are in general legally prohibited in
the European Union despite specific implemented exceptional permission
(Anonymous 2008). These exceptional permissions are widely used with the
consequence that 77% of the pigs in the European Union are routinely tail docked
(De Briyne et al. 2018). Thus, for animal welfare reasons, which can be optimal
realized when also economic considerations are taken into account, methods need
to be identified that reduce the prevalence or even avoid tail biting in undocked
pigs. To find solutions for preventing tail biting is rather complex as this behavioural
disorder is assumed to have multifactorial causes (Brunberg et al. 2016, Schrgder-
Petersen and Simonsen 2001). It is influenced by both the animal itself (e.g.
genetic and breed, growth, sex, behavioural characteristics, health) and the
environment (e.g. feed/feeding, space available and group size, enrichment
material, climate and management) (Valros 2018). Many studies found that
enrichment materials can help to prevent certain abnormal behaviours in pigs
(Beattie et al. 1995, Hunter et al. 2001, Larsen et al. 2018) and can reduce tail
biting (Beattie et al. 1995, EFSA 2014). However, materials that are highly
preferred by pigs can lead to competition resulting in agonistic interactions and
increasing risks for tail biting (Van de Perre et al. 2011). Pigs habituate to durable,
non-plant-based materials quickly. Exploration times usually decreases within few
days (Van de Perre et al. 2011) or even faster within hours after offering an
enrichment object (Apple and Craig 1992). Plant-based materials may also trigger
decreasing exploration over time, however, other studies showed that these

materials sustain interest and exploration over weeks such as straw offered in
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different forms (Van de Weerd et al. 2006, Zwicker et al. 2013). Plant-based
materials are changeable, manipulable, chewable, edible or odorous. These
properties seem to be crucial for suitable enrichment materials for pigs (Fraser et
al. 1991, Jensen and Pedersen 2007, Studnitz et al. 2007, Van de Perre et al.
2011, Van de Weerd et al. 2003). When given the choice pigs prefer plant-based
materials to non-plant-based materials (Scott et al. 2006, 2009). Among the plant-
based materials, straw is so far best investigated and it is highly recommended as
enrichment material for pigs (Bolhuis et al. 2005, Fraser et al. 1991, Jensen and
Pedersen 2007, Studnitz et al. 2007, Van de Perre et al. 2011, Van de Weerd et
al. 2003). Materials including different mixed structures or with edible additives
were even better accepted by pigs than straw (Jensen and Pedersen 2007,
Zwicker et al. 2013). When pigs get a food reward the attractivity of rootable plant-
based enrichment material increases (Holm et al. 2008). A possible reason is that
pigs can better perform their innate foraging behaviour if they are able to search,
chew and eat edible parts while exploring the enrichment material (Studnitz et al.
2007). However, from a practical point of view plant-based materials are likely to
rise problems in the recent conventional pig housing systems as in pens with
slatted floors they can clog the slurry pits.

We here aim to identify a practicable way to increase attractiveness of plant-based
enrichment material which are feasible also later under practical conditions over
the entire production period, i.e. from rearing to fattening, in order to reduce tail
damages and thus avoid tail docking in pigs. For this purpose we used material
dispensers with an integrated ultra-high-frequency radio-frequency identification
(UHF RFID) system and investigated how chopped straw compared to chopped
straw with maize kernels provided as enrichment material affect (i) exploration
durations (i.e. time spent at the material dispenser), and (ii) tail status (i.e. tail
length and injuries) in pigs from rearing to the end of fattening period. We
hypothesize that straw enriched with a nutritive additive, i.e. maize, remains more
attractive for pigs and results in higher exploration times in rearing and fattening
pigs compared to straw without any additives. According to this, we expect less tail
biting activities in straw with the maize supplemented groups what will be

associated with a better tail status.
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Methods

Animals and housing

We used a total of 288 pigs with randomly mixed sexes in three successive
replicates (replicate 1: 55 females and 41 castrated males, replicate 2: 47 females
and 49 castrated males, replicate 3. 52 females and 44 castrated males). The
crossbred pigs (German Piétrain x German Hybrid) with undocked tails were
housed in forced ventilated stables at the Bildungs- und Wissenszentrum Boxberg
(LSZ), Germany. The study with all three identical replicates was carried out from
June 2018 to February 2019 (Tab. 1). At weaning, with an age of about 28 days,
the piglets were weighted and individually equipped with common ear tags that
were internally equipped with an UHF RFID tag (MS Tag Round UHF, MS
Schippers, Netherlands). Each piglet got two tags with the same number (one per
ear) for individual identification. At the day of weaning, piglets had an average
weight of 7.4 kg (£1.2 kg SD). In each of the three replicates, 96 piglets were
transferred to the study stable and divided in four identical rearing pens (24 piglets
each), according to their assigned treatment (see below). Each pen had 15 m? (5
x 3 m) floor space (Fig. 1a) with 7.5 m? slatted plastic floor (38.5% perforation), 3.0
m? slatted concrete floor (17.0% perforation), and 4.5 m? partly slatted concrete
floor (7.0% perforation) under a heated covering. All rearing pens were equipped
with a material dispenser, a scrubber bar, a wooden pole attached on a metal chain
and sisal ropes. Piglets had ad libitum access to water from two drinking bowls
(Suevia 92 R, Suevia Haiges GmbH, Kirchheim, Germany) and two additional
nipple drinkers in each pen. Mashed feed was offered ad libitum by an automatic
mash feeder (2.4:1, animal:feeding place ratio) in two phases. Feed composition
changed after two weeks of rearing (detailed information on feed composition is
given in the electronic supplementary material). One week before rearing ended,
the piglets were additionally fed with pellet concentrate (approximately 25 kg per
pen) from a single feeder to habituate them to the feed change in fattening. During
the seven weeks in the rearing pens, we had to remove a total of eleven piglets in
all three replicates (4 pigs with locomotion problems, 2 runts, 2 identified tail biters,
2 died without identifiable reason and 1 pig with a swollen cheek), i.e. 3.8%,
resulting in 91 pigs in replicate 1 (52 females and 39 castrated males), 93 pigs in
replicate 2 (46 females and 47 castrated males), and 93 pigs in replicate 3 (50
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females and 43 castrated males) (Tab. 1). The pigs were distributed in eight
fattening pens per replicate, respectively. The animals of each rearing pen were
randomly split up in two groups for fattening pens (max. 12 pigs per pen). Thus,
the pigs of each fattening group were familiar to each other. At the beginning of
fattening, pigs had an average weight of 30.6 kg (4.2 kg SD). Pigs were housed
in each fattening pen (Fig. 1b) with 15 m2 (5 x 3 m) floor space and fully slatted
concrete floor (17% perforation). All fattening pens were identically equipped with
a material dispenser. Pigs had ad libitum access to water from four nipple drinkers
in each pen. Feed was offered ad libitum in two phases as pellet concentrate from
a single feeder. When pigs reached an average weight of about 80 kg, feed
composition changed (detailed information on feed composition is given in the
electronic supplementary material, Supplementary Tab. 1). The pigs were housed
in the fattening pens for at least eleven weeks. Thereafter the study and, thus, the
data collection ended. Pigs were fattened until reaching final mass and were then

slaughtered and marketed.
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Figure 1. Schematic drawing of a (a) rearing and (b) fattening pen with partly slatted concrete floor
with 7% perforation (white), slatted concrete floor with 17% perforation (dotted), slatted plastic floor

with 38.5% perforation (lined) and heated covering (grey).
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Table 1. Dates of data collection with the corresponding times of sunrise and sunset in Germany.

Period  Replicate Date Sunrise Sunset Mez?m Mean
sunrise sunset

L Begin 14.06.2018 5:03 21:07

End 01.08.2018 5:40 20:40

) Begin 16.08.2018 6:14 20:42
rearing 2 6:44 19:22

End 02.10.2018 7:27 19:00

3 Begin 18.10.2018 7:53 18:25

End 05.12.2018 8:11 16:19

L Begin 01.08.2018 5:40 20:40

End 17.10.2018 7:52 18:28

] Begin 02.10.2018 7:27 19:00
fattening 2 7:30 18:06

End 20.12.2018 8:25 16:19

3 Begin 05.12.2018 8:11 16:19

End 21.02.2019 7:27 17:50

With regard to the offered enrichment materials, we took up the recommendations
of the European Commission (2016) and, in addition to the material dispenser, we
continuously offered additional enrichment materials to the pigs during rearing
(wood, sisal rope, rubber bar) and fattening (wood, sisal ropes), what exceed the
minimum requirements. Furthermore, space allowance in rearing (0.58 m?/pig) and
fattening (1.14 m?/pig) was higher than minimum requirements by the
TierSchNutztV (2017).

All housing and management procedures of the animals were conducted in
accordance to German legislation (TierSchNutztV) for farm animals. Animals were
visually inspected daily for health issues. In case of tail biting, additional paper
bags, mineral feed, squeezed oats and zeolite were offered and the pigs were
further closely observed. If biters could be identified, they were removed from the
group and kept in a separate pen. Bitten pigs were immediately medicated or also

kept in a separate pen if necessary.

Enrichment materials and material dispenser design

At the beginning of each replicate, pens were allocated to one of the two

enrichment treatments, which the animals received throughout the entire study, i.e.
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rearing and fattening. Pigs in the pens of treatment one (two pens in each rearing
period and respectively four pens in each fattening period in each replicate)
received chopped barley straw (in the following abbreviated as CS) with a length
of approximately 10 to 100 mm as enrichment material. In the respective pens of
the second treatment, the chopped barley straw was mixed with whole grain maize
kernels from regular forage maize (CS+MK) in a weight proportion of 10% of the
straw. The appropriate enrichment material was offered continuously in rearing and
fattening through material dispensers to the pigs. The storage tube of the material
dispenser was filled by hand daily, except on weekends. For this reason, on
Fridays, the storage tube of the material dispensers were filled with a stock for the

weekend.

In the middle of each pen a material dispenser was installed (Fig. 1 and
Supplementary Fig. 1) and consists of a storage tube containing the enrichment
material. Between the storage tube and the floor there was a gap of 2.4 cm where
the pigs could root for the enrichment material by moving a 25 cm long, 5 cm wide
and 0.8 cm thick plastic bolt with balls (diameter 5.5 cm) at both ends. Around the
100 cm high storage tube with a diameter of 25 cm, a 10 cm high cement ring with
an inner diameter of 63 cm was installed to create a rooting area around the
storage tube. According to the recommendations to calculate the animal:feeding
place ratio (Averberg et al. 2018), a width of 18 cm for rearing pigs and of 33 cm
for fattening pigs was used to calculate the animal:dispenser place ratio. The
resulting animal:dispenser place ratio was 1.7:1 in the rearing pens and 1.5:1 in
the fattening pens. Under the storage tube and the cement ring, we installed a mat

that prevents the enrichment material from falling through the slatted floor.

Data collection

Each material dispenser was equipped with a dust- and waterproof UHF RFID
antenna (Kathrein MiRa ETSI, KATHREIN Solutions GmbH, Ismaning, Germany)
inside the storage tube. The antenna was installed horizontally at a height of 50
cm above the floor. When the pigs stay at the rooting area of the material
dispenser, the UHF RFID antenna reads the UHF RFID tags in the ears of the pigs

and this was recorded as exploration time. The collected data were transferred
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through a converter and an UHF RFID reader into a database. We used a software
application (Phenobyte GmbH & Co. KG., Ludwigsburg, Germany) to assign the
animals to their pens and thus to the corresponding UHF RFID antenna. This
enabled us to collect the time at the material dispenser for each animal, in each of
the two respective treatments, i.e. straw with or without maize. The antenna
settings were taken over as described in (Kauselmann et al. submitted [a]).
Accordingly, the radiated output power at the antennas was 22.4 dBm. All pigs
were scored according to the “Deutscher Schweine Bonitur Schltssel” (DSBS
2017) and weighed four times during the test: at the beginning of the rearing period
(i.e. at weaning), at the end of the rearing period, after six weeks of the fattening
period, and at the end of observations (i.e. after eleven weeks of fattening period).
At these occasions tail length was scored in five categories: (0) full/natural length
(1) length loss up to one-third, i.e. here we also include individuals with only
minimal losses at the tassel (2) distinct damages are documented, i.e. length
losses from at least one third up to two-thirds (3) length loss more than two-thirds
and (4) total loss with a maximum of 1 cm leftover for piglets in the rearing and 2
cm leftover for pigs in the fattening. We recorded tail skin injuries of the pigs’ in the
following four categories: (0) no injuries (1) superficial perforation of the skin,
punctually or in the form of a line (2) deeper, planar perforation of the skin,
maximum as large as the diameter of the tail at the respective point, and (3) deeper,
planar perforation of the skin, larger than the diameter of the tail at the respective

point.

Statistical analysis

We calculated the recorded time at the material dispenser per animal and week for
the seven weeks of rearing period (in the following referred to as section 1), the
first six weeks of fattening (section 2) and the last five weeks of fattening (section
3) for each individual. Thus, the times can be compared between the sections (with
different weeks). To get the amounts of newly recorded tail length losses, for each
section we calculated the difference of the scored tail length loss to the score of
the previous section and used the resulting A tail length for further analysis. For
example, if a pig had a tail length category of O at the beginning of rearing and a

tail length category of 1 after rearing, tail length changed by 1 (1-0) category (A tail
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length = 1) during rearing (section 1). If the same pig had a tail length category of
2 after both section 2 and 3 of fattening, tail length changed by 1 (2-1) category (A
tail length = 1) during section 2 and by 0 (2-2) categories (A tail length = 0) during

section 3 of fattening.

The time animals spent at the material dispensers per week for each section was
analyzed separately for rearing and fattening period. Normal distribution of the
residuals was reached by log-transformation [log(x+1)] and was checked by visual
inspection of the g-q plot. Linear mixed effect models (LME) with the exploratory
variables (i) type of enrichment material provided in the material disperser (2-level
factor, CS or CS+MK) (ii) body weight (measured at the end of each section) and
(i) two-way interactions between each exploratory variable were used. For the
fattening pens section (2-level factor) was additionally considered as exploratory
variable. AnimallD and PenlD were considered as nesting random factors. PenlD’s

were assigned across replicates.

To analyze the body weights of the animals at the end of the sections we used
similar LMEs separately for rearing and fattening period with the same random
factors and nesting random factors as described above. Here, only the type of

enrichment material was used as explanatory variable in the models.

A tail lengths and skin injuries at the tails were also analyzed separately for rearing
and fattening with generalized linear mixed models (GLMMs) with Poisson
distribution. For the one section in rearing, we used the type of enrichment material
as explanatory variable. As nesting random factor we used AnimallD and PeniD.
For the two sections in fattening, type of enrichment material, section, and the two-
way interactions were used as explanatory variables. Random factors were the
same as in the model for rearing. We used R version 3.3.1 (R Core Team 2019)
and the packages Ime4 (Bates et al. 2015) and nime (Pinheiro et al. 2019) for the
statistical analyses. To calculate the p-values for the GLMMs we used the package
car (Fox and Weisberg 2019).
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Results

Effects on exploration time of piglets during rearing

During rearing, a mean exploration duration of 160.4 min (¥4.8 min SE) was
recorded per pig and week. Within days the exploration at the material dispenser
peaked about five hours after onset and about three hours before end of the light
phase (Fig. 2a). During the dark phase of a 24-hour day, exploration remained at

a low level.

Type of enrichment material (CS or CS+MK) had a significant effect on exploration
times at the material dispenser throughout the rearing period (LME, factor material,
F1,10= 22.0, P<0.001, Fig. 3a). Median exploration time was higher for chopped
straw with maize kernels (177.8 min per animal and week, CS+MK) compared to
chopped straw (120.6 min per animal and week, CS). The weight of the piglets had
no effect on the exploration time at the material dispenser during rearing (LME,
factor weight, F1, 262= 1.6, P = 0.2) nor the interaction of both (LME, F1,262=1.6, P
=0.2).
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Figure 2. Diurnal rhythm of mean (x SE) exploration duration in minutes per pig at the material
dispenser during (a) the rearing and (b) the fattening period. White bars show the calculated mean
light phase and gray bars show the mean dark phase of a 24 hour day during data collection (see
Table 1).
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Effects on tail status during rearing period

A tail lengths were influenced by the offered enrichment materials (GLMM, factor
material, n = 276, x%1 = 7.9, P<0.01, Fig. 4a and Supplementary Tab. 3). However,
category 4 was never recorded in any of the pigs and in category 1 often only
losses of a small part of the tail tip were observed. There was no effect of the
treatment on injuries at the tails of the piglets (GLMM, factor material, n = 276, X1
=0.7, P =0.4, Fig. 4b and Supplementary Tab. 3).

The different treatments had no effect on the weights of the piglets during the
rearing period (LME, factor material, F1,10= 2.7, P = 0.1). Piglets had a daily weight
gain of 476.1 g (x74.1 g SD) during rearing.
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Figure 3. Median and quartiles of the exploration time per animal and week at the material
dispenser, filled with chopped straw (CS, white) and chopped straw with maize kernels (CS+MK,

dark grey) during (a) the section in the rearing period and (b) the two sections in the fattening period.
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Effects on exploration time of pigs during fattening

During fattening, mean exploration duration of 296.6 min (4.9 min SE) were
recorded per pig and week. Within days exploration increased when the light phase
began and reached a peak at 16:00 (Fig. 2b). Thereafter exploration duration
decreased again. During the dark phase of a 24-hour day, mean exploration

duration remained at a low level.

The time fattening pigs spent at the material dispenser was affected by the offered
enrichment materials (LME, factor material, F1, 22 = 7.0, P<0.05, Fig. 3b). Animals
spent more time at the material dispenser when CS+MK was offered compared to
material dispensers filled with CS. Moreover, exploration duration was affected by
section (section 2 and section 3) (LME, factor section, F1, 254 = 226.8, P<0.0001,
Fig. 3b). In section 3 higher exploration durations were recorded at the material
dispenser than in section 2. In addition, weight of the pigs (LME, factor weight, F1,
254 = 70.9, P<0.0001) affected exploration times at the material dispenser. Higher
weights were negatively related to exploration. There was a significant interaction
between the offered material and the section (section 2 and section 3) (LME, F,
254=10.7, P<0.01).

Effects on tail status during fattening period

A tail lengths were not affected by the enrichment material during fattening (section
2 and section 3) (GLMM, factor material, n =530, x?1 = 0.0, P = 1.0, Supplementary
Tab. 3). The sections (section 2 and section 3) had no effect on A tail lengths
(GLMM, factor section, n = 530, x?1 = 2.7, P = 0.1), whereby, in section 2 more A
tail lengths occurred (26.9%) compared to section 3 (6.2%). As during rearing,
category 4 was never recorded in any of the pigs and in category 1 often only
losses of a small part of the tail tip were observed.

Tail injuries were not affected by the enrichment material during fattening (section
2 and section 3) (GLMM, factor material, n =530, x“1 = 2.8, P = 0.1, Supplementary
Tab. 3), however the section had a significant effect on tail injuries (GLMM, factor
section, n = 530, x“1 = 12.4, P<0,001). With 92.3% we scored more tails without

injuries in section 3 compared to section 2 (86.3%).
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The offered enrichment materials (CS+MK and CS) had no effect on the weights
of the pigs during fattening (LME, factor material, F1, 22 = 3.6, P = 0.1). Fattening
pigs had a daily weight gain of 957.7 g (¥111.5 g SD).
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Figure 4. Percentage of (a) A tail length during the rearing period to the previous data collection of
0 (diagonal stripes), 1 (dotted) or 2 (vertical stripes) categories and (b) tail injuries during the rearing
period ((category 0O; diagonal stripes) no injuries, (category 1; dotted) superficial perforation of the
skin, punctually or in the form of a line, (category 2; vertical stripes) deeper, planar perforation of
the skin, maximum as large as the diameter of the tail at the respective point, (category 3; white)
deeper, planar perforation of the skin, larger than the diameter of the tail at the respective point)

after chopped straw (CS) and chopped straw with maize kernels (CS+MK) were offered.

Discussion

As hypothesized, during both rearing and fattening period pigs showed higher
interactions with chopped straw supplemented with maize kernels (CS+MK)
compared to only chopped straw (CS) in a material dispenser. The duration pigs
interacted with the offered enrichment materials increased from rearing to fattening
and did not show any signs of habituation over time. However, in contrast to our

hypothesis, increased exploration durations for CS+MK did not result in less losses
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of tail length although the prevalence of tail lesions did not indicate increased talil
biting. Effects of the treatments on tail length were only found during rearing.

Diurnal exploration durations of rearing pigs correspond to the known diurnal
activity of pigs with an activity peak in the morning and a second in the evening
(Fraser et al. 1991, Lyons et al. 1995, Olsen et al. 2000, Zwicker et al. 2012).
Fattening pigs, however, showed only one diurnal activity peak. Data collection in
rearing was from summer to winter (June to December) while data in fattening were
recorded from autumn to spring (August to February). Thus, light phase was longer
during rearing compared to fattening (Tab. 1). Comparable observations of a shift
of feeding activity from two activity peaks during long to one peak during shorter
light phases were done in an earlier study on feeding behaviour of fattening pigs
(Bunger et al. 2017). Thus, the differences in the diurnal pattern of exploration is

likely to result from seasonal differences in day length, i.e. length of light phase.

Pigs in the rearing and fattening period explored the offered chopped straw longer
when maize kernels were supplemented. These findings are in line with a short
term choice test, where chopped straw with maize kernels were preferred by
fattening pigs compared to chopped straw mixed with either grated carrots,
squeezed oats, wheat kernels or without edible additive (Kauselmann et al. 2020).
Thus, short and long-term preferences of pigs seem to reflect similar patterns of
behavioural preferences, which may raise important implication for future choice
experiments. Our findings, in general, are in line with several studies found that
enrichment materials with edible compounds can increase the attractiveness for
pigs (Haskell et al. 1996, Jensen and Pedersen 2007, Olsen et al. 2000, Studnitz
etal. 2007, Young et al. 1994, Zwicker et al. 2013). It is assumed that a food reward
(Haskell et al. 1996, Studnitz et al. 2007) and compound or heterogeneous
materials (Jensen and Pedersen 2007, Ocepek et al. 2020) stimulate exploration
behaviour in pigs. Our approach reveals that straw attractiveness can be further
increased for pigs by simply adding maize kernels, thus a solution that can be
easily transferred into practice. Furthermore, the pigs seem not to habituate to that

stimulation.

Surprisingly, the exploration durations of pigs for the offered materials increased
from rearing (section 1) to fattening (section 2 and section 3). A similar trend of

increasing exploration times with the age of the animals was reported in a
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comparison of different plant-based enrichment materials in a two-week change
(Kauselmann et al. submitted [a]). However, in the current study we continuously
offered the materials (either CS+MK or CS) from rearing to fattening to the pigs. In
contrast, previous studies found decreasing exploration times of pigs for
enrichment materials over time: In Petersen et al. (1995) rooting the enrichment
material (straw, logs and branches) decreased in pigs with an age of 18 weeks,
while general activity time remained constant over the observation times (at an age
of 4, 7 and 18 weeks). Also Jensen et al. (2010) found that manipulation of rooting
material (maize silage and straw) decreased from 13 to 20 weeks of age and pens
with maize silage had higher exploration times than pens enriched with straw. Pigs
may habituate to enrichment material within one week (Trickett et al. 2009, Van de
Perre et al. 2011) or even within the hour after offering (Apple and Craig 1992).
Regular refreshing of small amounts of deep straw can reduce habituation (Bolhuis
et al. 2005). In addition to the added maize, in our study we also refreshed the
material as the material dispenser regularly was refilled with fresh material.
Furthermore, the absolute number of pigs decreased from 24 in rearing pens to 12
in fattening pens. Thus, although the animal:dispenser place ratio remained similar
between rearing (1.7:1) and fattening (1.5:1), at the beginning of fattening, pigs
had better access to the material dispenser than at the end of rearing, which could
also have increased exploration duration of fattening pigs compared to rearing
pigs.

Median exploration duration ranged from 177.8 min (CS+MK) to 120.6 min per
animal and week (CS) during rearing and from 339.4 min (CS+MK) to 321.4 min
per animal and week (CS) at the end of fattening (section 3). In previous studies
between 0.3% and 27.4% of observation time pigs were observed exploring
material. In these studies, observations were done in time sampling and
observation times were restricted to the main activity phase of pigs and ranged
between 8:30 and 20:30 (Lyons et al. 1995, Scott et al. 2006, 2007, Trickett et al.
2009, Van de Weerd et al. 2006). In contrast, in our study we continuously recorded
exploration time of pigs for 24 h per day. The main hours of activity in our study
were between 8:00 and 18:00. In this time, each pig spent 19.7 min at the material
dispenser per day during rearing and 34.4 min during fattening. Thus, they

explored 3.0% of the activity phase during rearing and 5.2% during fattening, what
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is within the lower range found in the previous studies mentioned above. However,
in our study pigs had access to additional enrichment material (sisal ropes and

wood) and exploration of these materials are not included in our data.

Although the straw supplemented with maize was more attractive, however, in the
rearing period more partial losses of tail length were recorded in the treatment with
CS+MK compared to the treatment with only CS. This finding was in contrast to
our hypothesis, because higher exploration of enrichment material supporting
foraging behaviour should lead to a reduction of penmate manipulation (Beattie et
al. 1995, Fraser et al. 1991, Petersen et al. 1995) and, thus, should reduce the risk
for tail biting. In line with this, we assumed that high exploration times would reduce
penmate manipulation more than less explored materials. However, it might be that
CS+MK was so highly attractive for the piglets that it triggered competitive social
behaviour. Although aggressive interactions due to limited access to resources
does not directly lead to tail biting (Prunier et al. 2020), an increased stress level
of pigs resulting from the competition for resources increases the risk for tail biting
(Munsterhjelm et al. 2013, Schrgder-Petersen and Simonsen 2001). The pigs’
preference for CS+MK was noticeable in the quantities consumed (details on
consumed enrichment materials were given in the supplementary material,
Supplementary Tab. 2). Thus, material dispensers in pens where CS+MK was
offered were used up faster compared to CS. However, the material dispensers
were not refilled at weekends. Perhaps the pigs developed an expectation to have
constant access to the material, which turned into frustration, and thus stress, when
the material dispensers remained empty. Thus, it is crucial to better investigate the
amount of enrichment material and how many animals should have access to the

materials simultaneously.

In the fattening period, there were neither differences in partial losses of tail length
between the treatments (CS+MK and CS) nor over time (section 2 and section 3).
It is well known that tail biting is influenced by age and weight of the pigs (Schragder-
Petersen and Simonsen 2001) and occurs mainly during rearing. Most tail-in-mouth
behaviour (Schragder-Petersen et al. 2010) and most tail biting behaviour (Jans-
Wenstrup 2018) had been observed at an age between 4 and 8 weeks of life. Talil
biting seems to start in the first weeks after weaning (Abriel and Jais 2013,

Blackshaw 1981, Veit et al. 2016). Due to partial losses of tail length during the
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rearing period, some tails were already short when pigs were moved to the
fattening pens. Short bitten tails can be compared with docked tails that reduce tail
biting (Hunter et al. 2001, Larsen et al. 2018, Li et al. 2017). In our study, reduced
tail length often just affected the tip of the tail. However, even if only the tail tip is
affected, injured nerves can lead to neuropathic pain (Devor and Rappaport 1990).
An increased sensitivity to pain is a proposed reason for reduced tail biting of

docked tails (Simonsen et al. 1991) and could also be considered in bitten pigs.

Reduced tail biting behaviour also resulted in reduced tail injuries during the
fattening period (section 2 and section 3) compared to the rearing period (section
1). Tail injuries decreased over time during fattening, i.e. from section 2 to section
3, what is in line with Larsen et al. (2018), who found that tail damages occur first
mainly in the first week and first half of the finishing period. As well as for A tail
lengths the material had no effect on the tail injuries of the pigs during fattening.
Preferences of pigs for enrichment materials change with age (Docking et al. 2008)
and from rearing to fattening (Kauselmann et al. submitted [a]), what could lead to
a better satisfaction of behavioural preferences and, therefore, to reduced tail biting
activities during the fattening period compared to the rearing period. Furthermore,
as mentioned above, in our test it has to be considered that the absolute number
of animals was halved in fattening pens and the animal:dispenser place ratio was
comparable in the rearing and the fattening pens. According to Schmolke et al.
(2003) group size has no effect on tail biting. However, due to a reduced group
size, pigs in our study had more place at the material dispenser in the beginning of
the fattening period compared to the end of the rearing period. As competition for
enrichment material can trigger biting penmates (Van de Perre et al. 2011),
reduced competition for the enrichment material could have led to reduced tail
damages in fattening pigs.

Although straw is recommended as enrichment material for pigs (Bolhuis et al.
2005, Fraser et al. 1991, Jensen and Pedersen 2007, Studnitz et al. 2007, Van de
Perre et al. 2011, Van de Weerd et al. 2003) and maize kernels have the additional
property of being edible, increased exploration durations when offering CS+MK
could not reduce tail biting compared to CS. In a review, Godyn et al. (2019)
showed to the contrary that even enrichment materials classified as of marginal

interest for pigs (Anonymous 2016) can achieve a welfare benefit. Thus, by using
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enrichment materials, much more factors affecting the pigs have to be taken into
account than recommendations, i.e. the Commission Recommendation (EU)
2016/336. An effect on welfare can be influenced by numerus factors due to the
multifactorial problem of tail biting. Enrichment material can improve welfare,
however, there are other factors that should be considered in reducing tail biting.
Several enrichment materials, i.e. chopped straw on the floor of the pen or ryegrass
haylage offered in a wired spherical rack, can be used as an early intervention
when the first signs of tail biting were recorded (Lahrmann et al. 2018). Thus, in
the present study a greater effect possibly might have been achieved if straw had
been permanently offered to the pigs and maize kernels had been used to increase

exploration duration at the first signs of tail biting.

The different treatments (CS+MK and CS) had no effect on the weights of the
animals. The exploration times and enrichment consumption was higher for
CS+MK than for CS. Since parts of the material fell through the slatted floor, we
cannot estimate which material was actually eaten by pigs. However, the intake of
CS+MK does not seem to have led to an additional weight gain. Either the
additional intake of nutrients by the maize (average usage of 5.1 g per pig and day)
was rather low or the pigs reduced feed intake, which was not recorded in our
study.

Conclusion

Our approach to provide chopped straw enriched with maize kernels as enrichment
material in commercial housing systems can be recommended to increase
exploration duration and, thus, probably facilitate the natural behaviour of the
animals from rearing to fattening. However, probably limited access to the highly
preferred enrichment material could have led to competitive behavior and losses
of tail length. Future studies are needed to assess what quantities of enrichment
material must be offered and how many pigs must have access to the material
simultaneously in order to provide highly preferred enrichment materials without
triggering competitive behaviour among piglets. As for feeding data, there were

seasonal changes in exploration behavior of pigs. These findings should be further
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investigated to better understand exploration behavior in pigs and to adapt

provision of enrichment material.
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Abstract

Tail biting is a common problem in pigs kept in conventional fully slatted pens.
Suitable enrichment materials can help to prevent the occurrence of this
behavioural disorder by encouraging pigs to increase exploration behaviour. We
investigated whether additional flavours can increase exploration behaviour in
undocked pigs. Therefore, we offered straw pellets flavoured with either fried onion
(FO), strawberry (SB), ginger (Gl), almond (AL), vanilla (VA) or without flavour
(control) during rearing (eight groups in total) and fattening (16 groups in total).
Flavoured pellets were offered in an altering order during intervals of one week in
material dispensers. Exploration duration at the material dispensers was
continuously recorded via an ultra-high-frequency radio-frequency identification
(UHF-RFID) system. Pigs were weighed weekly and their tail lengths and tail
injuries were scored in four categories. For analysis, changes in tail length score
compared to the previous week were calculated as A-tail length. The different
flavours affected pigs’ exploration durations in both rearing (factor flavour,
P<0.0001) and fattening (factor flavour, P<0.0001). Highest exploration durations
during rearing were recorded when straw pellets were flavoured with FO and AL
compared to all others. During fattening exploration duration was highest towards
controls without significant difference to SB. Exploration durations additionally
were affected by temporal effects, i.e. week and day during rearing (both factors:
P<0.0001) and fattening (both factors: P<0.0001). During rearing highest
exploration durations were recorded in the first week and on the first day within
week after changing the flavour of the straw pellets. During fattening period
exploration durations varied between weeks and within weeks. The highest
durations were recorded at the end of weeks, i.e. on the fifth and seventh day after
material change. During rearing, tail injuries were affected by week (P<0.0001).
From the fourth week of rearing, the prevalence of tail injuries significantly
increased. During the fattening period, tail injuries were affected by flavour
(P<0.05). Fattening pigs had fewest tail injuries after straw pellets flavoured with
AL were offered. Altogether, based on the exploration durations, rearing pigs
showed different preferences for the flavoured straw pellets but highly explored
flavours differed between rearing and fattening pigs. Despite a weekly change of

the flavour of straw pellets, exploration durations decreased during rearing but
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increased again in the transition between rearing and fattening. Thus, straw pellets
with alternating flavours are a suitable possibility to provide environmental

enrichment to pigs but will not prevent tail biting.

Keywords: aromatized enrichment, fattening, rearing, Sus scrofa domesticus, tail
biting

Implications

We added different flavours to straw pellets in weekly intervals in order to provide
attractive rooting material. Flavours increased exploration duration in rearing pigs
and thus represent a suitable enrichment. Exploration durations for flavours/control
differed between rearing and fattening pigs. Attractiveness in means of exploration
time of the enrichment material could be maintained at a constant level throughout
rearing and fattening period. Our results indicate that the change of added flavours
may be more important than offering certain flavours. Offering changing flavours
on straw pellets may increase novelty and is a suitable way to maintain exploration

in conventionally housed pigs.

Introduction

Commercial housing systems of farm animals are often criticized by the public with
regard to animal welfare. Accordingly, 82 % of European citizens are the opinion
that the protection of animal welfare should be improved (European European
Commission, 2016). One of the most severe animal welfare issues in commercial
pig production systems is tail biting (Fraser, 1983) that is tremendously prevalent
in undocked pigs (Veit et al., 2016), but even could occur in tail docked pigs (Hunter
etal., 2001; Larsen et al., 2018). Many factors can contribute to tail biting (Brunberg
et al., 2016). However, exploration and foraging are highly motivated behaviours
in pigs and the provision of suitable enrichment material is a possibility to reduce
the occurrence of tail biting (Fraser et al., 1991; Larsen et al., 2018). Enrichment
materials which are changeable, chewable, edible, manipulable or odorous are
recommended most for pigs (Fraser et al., 1991; Jensen and Pedersen, 2007;
Studnitz et al., 2007; Van de Weerd et al., 2003). Plant-based enrichment materials
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meet these requirements and are also preferred by pigs in comparison to non-
plant-based materials (Scott et al., 2006). Straw is considered to be very suitable
as enrichment material for pigs (e.g. Fraser et al., 1991; Hunter et al., 2001).
Especially long-stalk straw is recommended over chopped straw due to the quality
of straw-directed behaviours of pigs and regarding tail biting (Day et al., 2008).
Nevertheless, long-stalk straw is seldom offered in commercial pens with fully
slatted floors for practicable reasons as it can plug the slurry system. While pigs
show no preference for either chopped or long-stalk straw (Lahrmann et al., 2015),
they prefer pelletized materials over chopped materials (Kauselmann et al.,
2020a). Beside being favoured by pigs, pellets have the practicable advantage that
they dissolve in the manure and, thus, cause almost no problems in the slurry

system when falling through the slatted floor.

Pigs are macrosmatic animals having better olfactory than visual capacities
(Croney et al., 2003). Pigs gustatory preferences are apparent for sweet tastes
(Hellekant and Danilova, 1999; Tinti et al.,, 2000) and umami (Hellekant and
Danilova, 1999), while they reject bitter flavours (Nelson and Sanregret, 1997; Tinti
et al., 2000). When given a choice, pigs explore containers including natural
flavours (e.g. grass, dried mushrooms or moist soil) or synthetic strawberry aroma
more than other synthetic aromas (Nowicki et al., 2015). Furthermore, an aromatic
additive can increase exploration of plant-based enrichment material (Blackie and
de Sousa, 2019). These effects of flavours on the behavior of pigs may offer an
opportunity to make enrichment materials more attractive for commercially housed
pigs, i.e. to increase and sustainably maintain exploration duration and, thus, may

represent a potential tool to reduce manipulative behaviours against penmates.

In this study we offered commercially housed rearing and fattening pigs straw
pellets of different flavours to test the effect of flavours on their exploration duration.
We used an ultra-high-frequency radio-frequency identification (UHF RFID) system
to continuously measure the pigs’ exploration behaviour. Furthermore, tail
damages were analyzed in relation to the respective flavours. We hypothesized
that pigs show different exploration durations indicating different preferences for
certain flavours applied to straw pellets. We expect that these additional flavours

increase exploration durations and may also reduce tail damages.
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Material and Methods

Animals and housing

In this study, 192 crossbred pigs (German Piétrain x German Hybrid) with intact
tails were housed in buildings with forced ventilation and daylight windows at the
Bildungs- und Wissenszentrum - Schweinehaltung, Schweinezucht - Boxberg
(LSZ), Germany. The pigs were tested in two successive replicates with randomly
mixed sexes (replicate 1: 96 animals: 44 females and 52 castrated males; replicate
2: 96 animals: 51 females and 45 castrated males) from January 2018 to August
2018 (Table 1). In each replicate, pigs were housed in four pens during rearing (24
piglets per pen) and eight pens during fattening (12 pigs per pen).

At weaning at four weeks of age, piglets were individually weighted and equipped
with UHF RFID tags (MS Tag Round UHF, MS Schippers, Netherlands) for
individual identification. Weaned piglets weighting on average 7.7 kg (£ 1.1 kg SD)
were randomly divided in one of four identical rearing pens (24 piglets per pen)
with 15 m? (5 m x 3 m) floor space (Fig. 1a), respectively. Accordingly, space
allowance during rearing was 0.6 m?/pig. The rearing pens were continuously
numbered across the two replicates (8 PenIDs in total). The floor consists of
perforated plastic floor (7.5 m?, with 38.5 % perforation), slatted concrete floor (3.0
m?, with 17.0 % perforation) and partly slatted concrete floor (4.5 m?, with 7.0 %
perforation) under heated covering. The piglets had free access to water from two
drinking bowls (“Suevia 92R”, Suevia Haiges GmbH, Kirchheim/Neckar, Germany)
and two additional nipple drinkers and were fed ad libitum with mashed feed in two
phases. After two weeks of rearing feed composition changed (see electronic
supplementary material Table S1 for detailed information). Animal:feeding place

ratio at the feeder was 2.4:1.

At an age of eleven weeks, pigs weighted on average 29.1 kg (x 3.9 kg SD) and
were split up in eight fattening pens (twelve pigs per pen, Fig. 1b). The Fattening
pens were continuously numbered across the two replicates (16 PenIDs in total).
Pigs of the same rearing pens were randomly assigned to two fattening pens, thus,
the pigs remained in groups with familiar conspecifics and received the same
treatment prior to fattening. Fattening pens had 15 m? floor space (Fig. 1b) resulting
in a space allowance of 1.1 m?/pig. The floor consists of fully slatted concrete floor
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(with 17 % perforation). During the whole fattening period, pigs had free access to

water from four nipple drinkers and were fed ad libitum from a single feeder with

pelleted concentrate. When the pigs reached an average weight of about 80 kg,

feed composition changed (see electronic supplementary material Table S1). At

this time, pigs had an age of about 18 weeks. After eleven weeks of fattening, data

collection stopped, i.e. when first animals reached slaughter weight and were taken

out from the groups. At this age of 22 weeks, fattening pigs had an average live

weight of 102.2 kg (x 9.2 kg SD). All pens during rearing and fattening were

identically equipped with two sisal ropes and a piece of wood hanging on metal

chains. Rearing pens were additionally equipped with a rubber bar.

Table 1. Dates of data collection, i.e. exploration duration of pigs for respective flavoured rooting

materials, in rearing and fattening pens with the corresponding times of sunrise and sunset in

Germany.
Period Date sunrise  sunset mean sunrise! mean sunset!
Rearing 6:28 19:19
Replicate 1
Begin 31.01.2018 7:37 17:00
End 21.03.2018 6:46 19:33
Replicate 2
Begin 12.04.2018 6:22 19:50
End 30.05.2018 5:09 20:56
Fattening 5:44 20:27
Replicate 1
Begin 21.03.2018 6:46 19:33
End 06.06.2018 5:05 21:02
Replicate 2
Begin 30.05.2018 5:09 20:56
End 15.08.2018 5:59 20:19

1 mean values were calculated separately for rearing and fattening, using the times of sunrise and

sunset of the two replicates respectively.
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Fig. 1. Schematic drawing of the (a) rearing and (b) fattening pens of the pigs with partly slatted
concrete floor of 7% (white) and 17% perforation (dotted). A lying area was equipped with a heated

cover (transparent dark grey) and a slatted plastic floor with 38.5% perforation (light grey).

Enrichment material and data collection

We tested straw pellets which were aromatized with one of five different flavours
and as control we used straw pellets wetted with only water and thus without
additional flavour (control). To aromatize the straw pellets, we used synthetic
nature-identical food flavourings (aroma-shopping GmbH, Rd&dinghausen,
Germany), i.e. fried onion (FO; “Bratzwiebel”, order number: AS10360), strawberry
(SB; “Erdbeere”, order number: AS10100), vanilla (VA; “Vanille”, order number:
AS10248), almond (AL; “Mandel”’, order number: AS10309) and ginger (Gl;
“Ingwer”, order number: AS10367). We mixed the food flavourings with water to
get a flavour content of one percent in the flavoured water (detailed information
about flavour ingredients is given in the electronic supplementary material Table
S2). The straw pellets were aromatized with the flavoured water at a ratio of 1:50
(flavoured water:straw pellets) under constant turning by using a pressure sprayer.

Thereatfter, the flavoured pellets were sealed hermetically and immediately before
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offering to the pigs, they were mixed with unflavoured straw pellets at a ratio of 1:1.
Straw pellets were offered to the pigs continuously from rearing to fattening, while
the flavours were alternatingly changed weekly in different order in each pen
according to an experimental plan (see electronic supplement Table S3). Initially,
the flavors were assigned to the pens in a random order. Afterwards flavours were
assigned in a systematic order considering that across both replicates each flavour
occurs at least in one pen at a given time. The resulting sequence of flavours
differed between the replications and was repeated in each pen after six weeks,
i.e. after all flavours were already available once. On days of material change, all
remains of flavoured straw pellets were removed from the rooting area and the
storage tube to refill it with fresh straw pellets of a different flavour. The same
method was used during fattening (Table S3), with the exception that always two
of the eight pens received the same flavour applied on the straw pellets. The flavour
of the straw pellets usually was changed every Thursday, which was the first day
of a one-week interval. Since the material dispensers were not refilled at the
weekends, a stock of flavoured straw pellets was filled into the storage tube on

Fridays to ensure the supply during the weekend.

In the center of each rearing and fattening pen, identical material dispensers were
installed (Fig. 1, for photos see electronic supplementary material Fig. S1), which
consisted of a 100 cm high PVC storage tube with a diameter of 25 cm that was
manually filled with flavoured straw pellets, as described above, so that pigs
continuously had pellets to their disposal. The material dispensers were
constructed as described in Kauselmann et al. (2021). Briefly, a 10 cm high cement
ring with an inner diameter of 63 cm was installed around the storage tube on the
floor with a plastic mat underneath to prevent the straw pellets from falling through
the slatted floor. Thus, a circular rooting area was created and pigs could root the
offered pellets from the storage tube through a 1.5 cm wide gap on the ground of
the dispenser. Based on recommendations for feeding places (Averberg et al.,
2018) a trough length of 18 cm per pig in the rearing and 33 cm in the fattening
period was used to calculate the animal:dispenser place ratio (1.7:1 in the rearing

pens and 1.5:1 in the fattening pens).

In the storage tube of the material dispenser, a dust- and waterproofed UHF RFID

antenna (Kathrein MiRa ETSI, Kathrein Solutions GmbH, Ismaning, Germany) was
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installed at a height of 50 cm above the floor to read the tags attached to both ears
of the pigs when they stayed at the material dispenser. Based on the start and end
time of stays at the dispenser the duration of each individual at the material
dispenser was calculated. When a stay at the material dispenser of an animal
ended and re-started within 30 seconds, these two events were merged into one
duration. The antenna transferred the collected data to a converter and an UHF
RFID reader and via a software application (Phenobyte GmbH & Co KG.,
Ludwigsburg, Germany) data were stored in a database (see electronic
supplementary material S1 for detailed information on the UHF RFID system). The
optimal technical parameters for the UHF RFID antennae were validated in
advance (Kauselmann et al., 2021). Accordingly, best sensitivity (70.7 % in rearing
and 79.3 % in fattening) and specifity (99.4 % in rearing and 99.5 % in fattening)
were achieved by using an output power of 22.4 decibel milliwatt (dBm) at the

antennae.

During the 18 weeks of continuous RFID data collection, the pigs were weekly
individually weighted and tail status was scored according to the Deutscher
Schweine Bonitur Schlissel (DSBS, 2017), always on days when the flavoured
pellets were changed. Tail length was evaluated following the DSBS using five
categories: (0) full/natural length, (1) length loss up to one-third, i.e. also minimal
losses at the tassel were included, (2) length loss up to two-thirds, (3) length loss
more than two-thirds and (4) total loss with a maximum of 1 cm leftover for piglets
in the rearing and 2 cm leftover for pigs in the fattening. However, it should be
noted that in category 1 often only losses of a small part of the tail tip were observed
and category 4 was never recorded. Tail injuries were also recorded according to
the DSBS in four categories: (0) no injuries, (1) superficial perforation of the skin,
punctually or in the form of a line, (2) deeper perforation of the skin, the size of the
injury does not exceed the diameter of the tail at the respective location, and (3)
deeper perforation of the skin, the size of the injury exceeds the diameter of the tail
at the respective location.

The daily weight gains of the pigs were calculated for the period of data collection,

separately for the rearing and fattening period.
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Housing and management of the animals was conducted in accordance to German
legislation for farm animals (TierSchNutztV, 2017). Space allowance (0.6 m?/pig in
rearing pens and 1.1 m?/pig in fattening pens) and additional offered enrichment
materials (sisal ropes, wood and rubber bar in rearing pens and sisal ropes and
wood in fattening pens) exceeded the minimal legal requirements. Animals were
daily visually inspected for health issues. In case of tail biting, additional materials
such as paper bags, mineral feed, squeezed oats and zeolite were offered. In case
biters could be identified (3 piglets each during rearing and fattening), they were
removed from groups and kept in a separate pen. Pigs with severely bitten tails

were also removed from groups and medicated in a separate pen.

Statistical analysis

The time each pig was recorded at the material dispenser was summed up to a
daily (24 hour) value (exploration duration). Thus, for the statistical analysis we
used the exploration duration in a period of seven days after changing the flavour
of the straw pellets for each pig and each day, separately in rearing and fattening.
To analyze the effect of each flavour on tail length we calculated the difference of
recorded tail length categories to the previous one-week interval and used the
resulting A-tail length per week. For example, if a pig had a tail length of category
1 after week 2 and of category 2 after week 3, a change of tail length, i.e. A-tall
length, of 1 (2 — 1) was related to week 3. Calculation of A-tail length should avoid
misinterpretation of the tail length data as tails that once showed a loss in length
will remain short. For scored tail injuries we did not calculate differences to the

previous week as injuries may heal over time.

The data of daily exploration durations in the rearing and fattening period were log-
transformed (log(x+1)) to reach normal distribution of residuals, checked by visual
inspection of the qg-plots. However, the qg-plot for exploration duration in fattening
showed a minor deviation from normal distribution. However, such minor deviations
have been shown to not crucially affect linear mixed effects models (LME)
(Schielzeth et al.,, 2020). All data were analyzed separately for rearing and
fattening. The detailed hierarchical model structure is exemplarily shown for rearing

in the electronic supplement (electronic supplementary Fig S2). The used LMEs
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included the exploratory variables (i) flavour of the straw pellets in the material
dispenser (6-level factor; FO, SB, Gl, AL, VA and control), (ii) week (week in which
a flavour was offered), (iii) days of week (continuously numbered days of provided
flavour within week) and (iv) two-way interactions between the explanatory
variables. Since pigs within pens were not independent of each other, (i) animal
(AnimallD), (ii) pen (PenID) and (iii) week were considered as nesting random
factors. In case of significant differences, post hoc pairwise comparisons were
calculated using pairwise t-tests. The results are given as median exploration

duration.

Due to a high number of zero values, A-tail lengths of rearing and fattening pigs
and tail injuries of rearing pigs were transformed ((A-tail length + 1) and (tail injuries
+ 1)) to avoid errors in the statistical calculation. The weights of the animals after
each week were log transformed (log(x+1)).

To analyze A-tail lengths and tail injuries generalized linear mixed models
(GLMMs) with Poisson distribution were used separately for the rearing and
fattening period. The explanatory variables (i) flavour of the straw pellets in the
material dispenser (6-level factor; FO, SB, GlI, AL, VA and control), (ii) week (week
in which a flavour was offered) and (iii) two-way interaction were used in the
models. Weight of the animals after each week after flavours were changed was
also considered as exploratory variable without calculating interactions in the
model to analyze A-tail length of rearing pigs. Animal and pen were considered as
nesting random factors. As many zero values in the fattening model for tail injuries
caused a low variance between the weeks, convergence problems in the model
appeared. Therefore, we had to combine the injury scores 1, 2 and 3 to only 1 (i.e.
injury apparent) and considered a binomial distributed model here (0 = no injuries,

1 = injuries) with flavour as explanatory variable.

For all statistical analyses R version 3.3.1 (R Core Team, 2019) and the packages
nime (Pinheiro et al., 2019) and Ime4 (Bates et al., 2015) were used. The package
car (Fox and Weisberg, 2019) was used to calculate the p-values for the GLMMs.
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Results

Effects on exploration duration of piglets during rearing

The flavour of the offered straw pellets significantly affected the exploration
duration piglets spent at the material dispenser (LME, factor flavour, Fs, 1005 = 9.6,
P < 0.0001, Fig. 2). Post-hoc pairwise comparisons showed highest exploration
duration per pig and day for straw pellets flavoured with fried onion (18.0
minutes/day) and almond (17.4 minutes/day). Lowest exploration durations per pig
were recorded when straw pellets were flavoured with vanilla (13.1 minutes/day)
or when the control, i.e. straw pellets without aroma (13.9 minutes/day), was
offered. Exploration durations of piglets differed between the seven weeks (LME,
factor week, Fs, 1005 = 51.7, P < 0.0001, Fig. 3). Piglets spent most time at the
material dispenser during the first week (26.7 minutes median exploration duration
per pig and day, see electronic supplementary material Table S4) compared to the
following six weeks. The days within the week affected the time piglets were
recorded at the material dispenser (LME, factor day, Fs, 7770 = 64.7, P < 0.0001,
Fig. 4). The highest median exploration durations per pig and day were found
during the first day after change of flavour (18.4 minutes), thereafter exploration
durations decreased until day 4 (12.5 minutes) and increased again to day 6 (17.5

minutes).

There were interactions between flavour and week (LME, Fso, 1005 = 14.7, P <
0.001). Highest exploration durations were recorded for straw pellets flavoured with
fried onion in week 1, strawberry in week 2, vanilla in week 3 and ginger in week
4. In week 5 and 6 the differences of exploration durations between the flavours
were lowest, however, pigs showed highest exploration durations when the straw
pellets were flavoured with strawberry and almond in week 5 and fried onion in

week 6. In week 7, the straw pellets without added flavour were explored most.
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Fig. 2. Exploration duration (median per pig and day) rearing pigs spend at the material dispenser
filled with straw pellets flavoured with fried onion (FO), strawberry (SB), ginger (Gl), almond (AL),
vanilla (VA) and control, i.e. straw pellets without flavour. The horizontal line in the box represents
the median, while the boxes and the whiskers represent the quartiles. Outliers, i.e. data points that
lie outside the 10" and 90" percentiles are not shown. Different letters indicate significant

differences between the flavours applied on straw pellets (pairwise t-test; P<0.05).

There are also significant interactions between flavour and day within week (LME,
Fso0,7770 = 7.7, P < 0.001). On all days, except for day 3, FO was the most explored
flavour. In addition to FO, high exploration durations were recorded for Gl and
straw pellets without additional flavour (control) on day 2, for AL on day 6 and for
Gl on day 7. On day 3, pigs showed highest exploration durations for the straw

pellets without additional flavour (control).

In addition, there were significant interactions between week and day within week
(LME, Fss, 7770 = 21.2, P < 0.001). During week 5, highest exploration duration was
recorded on day 2. In the remaining weeks, highest exploration durations were
recorded on days 1, 6 or 7.
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Fig. 3. Exploration duration (median per pig and day) rearing pigs spend at the material dispenser
throughout seven weeks of rearing period. The horizontal line in the box represents the median,
while the boxes and the whiskers represent the quartiles. Outliers, i.e. data points that lie outside
the 10t and 90" percentiles are not shown. Different letters indicate significant differences between

the weeks (pairwise t-test; P<0.05).
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Fig. 4. Exploration duration (median per pig and day) rearing pigs spend at the material dispenser

during the days of a week. Flavoured straw pellets were changed at day 1 and offered for 7 days.
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The horizontal line in the box represents the median, while the boxes and the whiskers represent
the quartiles. Outliers, i.e. data points that lie outside the 10t and 90 percentiles are not shown.
Different letters indicate significant differences between the days within week (pairwise t-test;
P<0.05).

Effects on tail status during rearing period

A-tail length of rearing piglets was neither affected by flavour (GLMM, factor
flavour, x?s = 0.03, P = 1.0), week (GLMM, factor week, x% = 1.0, P = 1.0) nor
weight of the animals (GLMM, factor weight, x“1 = 0.07, P = 0.8). During the rearing
period, piglets reached daily weight gains of an average of 442.1 g (+ 70.4 g SD).
After rearing, 57.9 % of pigs had tails with natural length (category 0) and 37.7 %
had a partial loss up to one third (category 1). Flavour had no effect on tail injuries
(GLMM, factor flavour, x%s = 4.0, P = 0.6; electronic supplementary Fig. S3). Talil
injuries during rearing were affected by week (GLMM, factor week, x% = 59.8, P <
0.0001; electronic supplementary Fig. S4). Tail injuries (categories 1 and 2)
occurred from the first week of rearing (6.8 %), increased at week four of rearing
(23.8 %) and reached a peak at the fifth week of rearing (33.3 %). We also found
a significant interaction between week and flavour (GLMM, x%z30 = 122.6, P <
0.0001). In week 1, 2, 3 and 6, most rearing piglets had no injuries at the tails
(category 0). Category 3 was most often scored when piglets received straw pellets
with VA in week 4 (79.2 % of the piglets) and when pigs received straw pellets with
FO (52.2 % of the piglets) in week 5. When straw pellets were flavoured with VA in

week 7, category 2 was scored most often (33.3 %).

Effects on exploration duration of pigs during fattening

During fattening, exploration durations of pigs were affected by flavour of the
provided straw pellets (LME, factor flavour, Fs, 1662 = 9.1, P < 0.0001, Fig. 5). Post-
hoc pairwise comparisons showed that exploration durations of fattening pigs were
highest when straw pellets without flavour were offered (20.8 minutes median
exploration duration per pig and day), while there was no significant difference to

straw pellets flavoured with strawberry (19.9 minutes median exploration duration
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per pig and day). Lowest median exploration durations were recorded for straw
pellets flavoured with almond (17.5 minutes per pig and day).
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Fig. 5. Exploration duration (median per pig and day) fattening pigs spend at the material dispenser
filled with straw pellets flavoured with fried onion (FO), strawberry (SB), ginger (Gl), almond (AL),
vanilla (VA) and control, i.e. straw pellets without flavour. The horizontal line in the box represents
the median, while the boxes and the whiskers represent the quartiles. Outliers, i.e. data points that
lie outside the 10" and 90" percentiles are not shown. Different letters indicate significant

differences between the flavours applied on straw pellets (pairwise t-test; P<0.05).

The week affected the exploration duration of pigs during fattening (LME, factor
week, Fio,1662 = 56.6, P <0.0001). The lowest exploration durations were recorded
in the first week of fattening (week 1), where the median exploration duration per
pig and day was 13.7 minutes (electronic supplementary Table S4). Thereatfter,
exploration durations varied, reached a peak from week 4 to week 6 and decreased
again. Exploration duration was affected by the day within the week (LME, factor
day, Fs, 11064 = 11.4, P < 0.0001). On the fifth day after a flavour of the straw pellets
was changed, the highest median exploration duration per pig and day was
recorded (20.6 minutes/day), without significant differences to the seventh day
(20.3 minutes/day).
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There were interactions between flavour and week (LME, Fso, 1662 = 16.6, P <
0.0001). Highest exploration durations for straw pellets without flavour were
recorded in week 6 and 11. In week 1 and 10 pigs showed the highest exploration
durations when straw pellets with strawberry flavour were offered. Highest
exploration durations in week 3 were recorded when straw pellets were flavoured
with almond. In week 5 and 7 highest exploration durations were recorded for straw
pellets flavoured with vanilla and in week 2 and 9 straw pellets with ginger reached
highest exploration durations. In week 4 pigs explored straw pellets with ginger

flavour or without flavour most and in week 8 straw pellets without flavour or vanilla.

There were also significant interactions between flavour and day within week (LME,
F30, 11064 = 4.0, P <0.001). During day 1, all flavours and straw pellets without flavor
were explored at the same level. During day 2 to day 5, pigs reached highest
exploration durations for straw pellets without added flavour. Highest exploration
durations were recorded when straw pellets with strawberry or ginger were offered
during day 6. During day 7 highest exploration durations were recorded when straw

pellets flavoured with strawberry, ginger or vanilla were offered.

There were significant interactions between week and day within week (LME, Feo,
11064 = 27.2, P < 0.0001). In all weeks the exploration durations of the pigs varied
within a small range. Highest exploration durations were recorded during day 5 and
7 in week 1, during day 1 in week 2, 3, 7 and 9, during day 3 in week 4, during day
6 in week 5, during day 7 in week 6, during day 5 in week 8, during day 1 and 7 in
week 10 and during day 3, 5 and 7 in week 11.

Effects on tail status during fattening period

A-tail length was neither affected by flavour of straw pellets (GLMM, factor flavour,
x%s = 1.0, P = 1.0), week (GLMM, factor week, x?10 = 0.8, P = 1.0), nor weight of
the animals (GLMM, factor weight, x?1 = 0.0, P = 1.0). The pigs reached daily
weight gains of an average of 949.5 g (x 100.1 g SD) during fattening. At the end
of fattening, 22.6 % of the pigs had tails with natural length (category 0) and 66.7
% had a partial loss up to one third (category 1). Tail injuries during fattening were

influenced by flavour of straw pellets (GLMM, factor flavour, x?s = 12.1, P < 0.05;
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electronic supplementary Fig. S5)). Most tails without injuries (category 0) were
scored when AL was offered.

Exploration within days in rearing and fattening pigs

Mean exploration duration at the material dispenser during rearing was 23.2
minutes (x 0.3 minutes SE) per pig and day. Within days, exploration showed
peaks about six hours after sunrise (1.3 minutes/hour (£ 0.03 minutes SE)
exploration per pig; Fig. 6a) and three hours before sunset (2.3 minutes/hour (£
0.04 minutes SE) exploration per pig). Calculated time for sunrise and sunset for
the period of data collection are provided in Table 1.

Mean exploration duration at the material dispenser during fattening was 23.7
minutes (x 0.2 minutes SE) per pig and day. Within days, mean exploration
duration showed peaks about four hours after sunrise (1.2 minutes/hour (x 0.02
minutes SE) exploration per pig; Fig. 6b) and about three hours before sunset (2.8

minutes/hour (x 0.03 minutes SE) exploration per pig).

Most exploration duration was recorded between 0900 h and 2100 h in rearing and
between 0800 h and 2000 h in fattening. During these hours, pigs spent on average
17.3 minutes at the material dispenser during rearing and 18.9 minutes during
fattening, representing 2.4% of the active hours during rearing and 2.6% of the

active hours during fattening.
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Fig. 6. Diurnal rhythm of mean (+SE) exploration duration in minutes per pig at the material

dispenser during (a) the rearing and (b) the fattening period. Light bars show the calculated mean

light phase and dark bars show the mean dark phase of a 24-hour day during data collection.
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Discussion

The duration pigs spent at the material dispenser differed between the flavours
applied on the straw pellets as enrichment and between ages of pigs. Rearing pigs
explored most the flavours fried onion (FO) and almond (AL), while fattening pigs
spent most time exploring with pellets with strawberry flavour (SB) and with control
pellets, i.e. straw pellets without flavour. Exploration duration during rearing
decreased over time but increased again after pigs were moved from rearing to
fattening pens. The prevalence of tail injuries of piglets increased until the fifth
week of rearing and fattening pigs showed least tail injuries during weeks in which

straw pellets with almond flavour were offered.

Pigs seem to explore some flavours more than others. During the rearing period,
pigs showed longest stays at the dispenser when straw pellets flavoured with fried
onion (FO) or almond (AL) were offered. The flavour of fried onion can be attributed
to umami which is known to be preferred by pigs (Hellekant and Danilova, 1999).
Furthermore, onion and garlic are botanically closely related and also preferences
of pigs for garlic ropes had been shown (Blackie and de Sousa, 2019). Pigs adapt
feed intake to their nutritional needs (e.g. Kyriazakis et al., 1991). Almond flavour
(AL), which was also highly explored during rearing, has a nutty taste which might
be associated with a high fat content and a high nutritional value of nuts. Fattening
pigs showed highest exploration durations for straw pellets flavoured with
strawberry and the control, i.e. straw pellets without additional flavour. Like other
fruits, strawberries contain sugar and sweet taste also known to be highly preferred
by pigs (Hellekant and Danilova, 1999; Tinti et al., 2000). However, fattening pigs
in our study also showed high exploration durations for straw pellets without
additional flavour. The latter result contrasts the results of Blackie and de Sousa
(2019) and Nowicki et al. (2015) who found a general higher preference in means
of higher exploration durations for flavoured enrichment materials compared to
unflavoured ones. However, the control pellets were made of straw which has its
own natural flavour and natural odours seem to be attractive per se. Nowicki et al.
(2015) offered weaned piglets natural materials (grass, dried mushrooms and
damp soil) and synthetic aromas (mint, orange, strawberry and vanilla). In line with
our results in fattening pigs, in that study piglets also preferred the natural aromas,

while strawberry was the most explored synthetic aroma.
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Our findings that pigs’ preference, as indicated by exploration durations, changed
from rearing to fattening was also found in a study in which we offered enrichment
materials differing in structure to rearing and fattening pigs (Kauselmann et al.,
2021). In that study rearing pigs preferred pelletized compared to chopped
materials, while fattening pigs preferred pelletized and chopped material,
suggesting that pellets better allow chewing which may have a higher behavioural
priority in young pigs. However, in the present study we offered all flavours on the
same material, and, thus, different exploration durations of rearing and fattening
pigs for structure cannot explain our results on differences in their exploration of

flavours.

Rearing pigs showed the highest exploration durations in the first week of rearing
period. Thereafter, the exploration durations remained at a comparable level
despite significant differences between certain weeks. Previous studies also found
highest exploration durations in pigs immediately after offering enrichment
materials (Trickett et al., 2009; Van de Perre et al., 2011) or showed decreased
exploration durations over time (Apple and Craig, 1992; Van de Perre et al., 2011).
As novelty is an important property of enrichment materials to attract pigs’ interest
(Docking et al., 2008; Trickett et al., 2009), the high exploration duration in the first
week of our study is likely to be caused by the pigs having their first contact with
the offered enrichment materials during this time. A weekly change of two
enrichment materials (rope and wood) (Trickett et al., 2009) or seven objects with
different colors (yellow ribbon, orange rope, yellow garden hose, purple ribbon,
rubber bar, gray garden hose, rubber ball) (Van de Perre et al., 2011) could reduce,
however, not completely avoid habituation. It seems that weekly rotation of six
different flavours on the same material, as we did in our study, is more suitable to
avoid habituation in pigs than the weekly change of two or seven different objects.
As we offered six different flavours (including control) in a weekly change, the
flavour offered during in the first week was also offered in the seventh week.
Repeated offering of enrichment material can lead to decreased exploration
durations in pigs (Jensen and Pedersen, 2007), but the five weeks between

repetitions as in our study seemed to be sufficient to prevent habituation.

In our study, the overall exploration durations remained at a constant level from

rearing until the end of fattening. In addition, although significantly different, the
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absolute differences of exploration durations between flavours were small both in
rearing and fattening period. It seems likely that the weekly change of flavours had
been more important for maintaining the exploration durations on a high level than
offering certain flavours. Thus, a regular change of flavours seems to be a

possibility to maintain the novelty of an otherwise unchanged enrichment material.

Interestingly, mean exploration duration during the fattening period did not differ to
the rearing period. Although fattening pigs knew the flavours they did not show
signs of habituation, possibly due to the long interval of five weeks between re-
application of flavours. Thus, by using and changing flavours to enhance
enrichment material, exploration duration of pigs could be maintained. In recent
studies we likewise found increased exploration durations from rearing to fattening
when enrichment materials (i.e. lucerne pellets, straw pellets, chopped straw or
chopped hay) were changed in two-week intervals (Kauselmann et al., 2021) but
also if chopped straw or chopped straw with maize kernels was continuously
offered (Kauselmann et al., 2020b). In these studies, we used the same material
dispenser (one per pen) and the same group sizes as in the present study. When
pigs were moved from rearing to fattening pens group size decreased from 24 to
12. Thus, at beginning of fattening the number of pigs per material dispenser
decreased. Although animal:dispenser place ratio did not differ very much between
rearing (1.7:1) and fattening (1.5:1) on a calculative basis taking account the larger
size of fattening compared to rearing pigs, the access to the material dispenser
was easier at the beginning of fattening compared to the end of rearing period. This
also may have contributed to similar exploration durations from rearing to fattening.
In contrast to the rearing period, in the fattening period exploration durations were
lowest in the first week. In the first week of fattening the new environment and
group constellation could have led to a reduced exploration of the material as
exploration was guided more towards the novel housing conditions than towards

the already known enrichment material.

Rearing pigs showed a decrease in exploration durations from day 1 to day 4, i.e.
a decrease throughout the first days after changing of flavours. On the following
days exploration durations again increased to a higher level. Day 2 of observations
usually was a Friday. On this day the storage tube of the material dispensers was

filled with a stock for the whole weekend and straw pellets were not refilled during
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weekends. Thus, the flavours of the straw pellets could evaporate during the
weekends and refilling with fresh flavoured straw pellets on Mondays (usually day
5) could have led to increased exploration durations. Also fattening pigs showed
highest exploration durations at day 5, while they reached a comparable level of
exploration at day 7. Similar effects of increased exploration durations were found
after cotton ropes were re-aromatized with garlic flavour after eight days of usage
(Blackie and de Sousa, 2019). Thus, regular re-aromatized enrichment materials

can increase exploration durations of pigs.

By using the used UHF RFID system, it was possible to record and analyze the
exploration durations of the pigs continuously for 24 hours each day and for 18
weeks from the beginning of rearing to the end of fattening (i.e. beginning of
slaughtering). For the different flavoured straw pellets in this study median
exploration durations differed between 13.1 minutes (VA) and 18.0 minutes (FO)
per pig and day during rearing and between 17.5 minutes (AL) and 20.8 minutes
(control) during fattening. Kapun et al. (2016) used an UHF RFID system to record
visits of healthy and sick pigs at the feeder, drinker, playing material and the door
to the outside area. They found that fattening pigs spent an average of 8.2 minutes
per pig and day at the playing material (piece of wood and plastic tube at a metal
chain). However, it must be noted that also sick pigs with reduced exploration
durations were considered there. Other studies used time sampling methods and
found pigs exploring 0.5 % to 16.4 % of active hours, ranging from 0900 h to 1700
h (Scott et al., 2006; Trickett et al., 2009). In our study, most activity at the material
dispenser was recorded between 0900 h and 2100 h during rearing and between
0800 h and 2000 h during fattening. Pigs in the current study explored about 2.5
% of the active hours, what is rather in the lower range of the above mentioned
studies. However, in our study further enrichment materials were continuously
offered in the rearing and fattening pens for which we did not record exploration
durations, since we focused on the exploration of the pigs toward different
flavoured straw pellets and only can capture these with the UHF RFID antenna
system. Thus, it can be expected that the overall exploration to all materials in the
pen is somehow underestimated as pigs also used the other offered enrichment
materials, apart from the flavoured straw pellets. However, exploration durations

of the present study are comparable to recent studies in which we also used RFID
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to record the time pigs spend with different structured plant-based enrichment
materials (Kauselmann et al., 2021) or straw either with or without additional maize
kernels (Kauselmann et al., 2020b). In these studies, median exploration durations
per pig and day ranged between 9.1 minutes per day and 25.4 minutes per day
during rearing and between 27.5 minutes per day and 43.9 minutes per day during
fattening.

Due to continuous data collection, diurnal exploration activity could be evaluated
and showed a similar temporal pattern in rearing and fattening with a peak in the
morning and in the afternoon. Exploration was also recorded during the dark phase
of the day, but with lower durations compared to the light phase. However, the
activity peaks were more clearly defined in fattening pigs. The temporal pattern of
exploration duration in our study corresponds to the known activity (e.g. Fraser et
al., 1991) and feeding behaviour (Blinger et al., 2017) of pigs. Based on similar
temporal patterns, pigs may also have used the offered straw pellets as food. In
this study, it was not possible to record the amount of straw pellets eaten by the
pigs or fallen through the slatted floor. However, since exploration behaviour can
be closely related to foraging behaviour (Wood-Gush and Vestergaard, 1989),

similar activity patterns are to be expected.

Furthermore, data collection of exploration duration in rearing pigs was from winter
to spring (January to May) and data of fattening pigs were recorded during summer
(March to August). Thus, during fattening light phase was longer compared to
rearing (Table 1). As known from further studies, feeding and exploration activities
of pigs showed two peaks during long light phases and one peak during short light
phases (Bunger et al., 2017; Kauselmann et al., 2020b). Thus, pigs probably adapt

their diurnal exploration activity to the seasonal length of the light phase.

Tail injuries first occurred in the first week of rearing, while the most tail injuries
were scored in the fifth week, when piglets reached an age of about nine weeks.
The same trend was seen for A-tail lengths during the rearing period, but this trend
did not reach significance. Tail biting has been reported most often to firstly occur
after weaning at an age of about five weeks (Schrgder-Petersen et al., 2010; Veit
et al., 2016), what is consistent with our findings. However, our results on A-tail

lengths should be interpreted very cautiously. We weekly changed the flavours
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because our main focus was to test the effects of flavours on exploration durations.
With respect to tail lesions and partial losses of tails it is very likely that effects of
age have masked possible effects of flavour and that irrespective from a certain
flavour carry over effects occur between successive weeks when tail biting has

started.

During the fattening period, the fewest tail injuries were observed after the weeks
during which almond (AL) flavoured straw pellets were offered. Interestingly, pellets
with almond flavor (AL) were also least explored by the piglets. Thus, the less
explored flavour was associated with the fewest tail injuries. This was not expected,
as previous studies showed reduced penmate manipulation when exploration
duration increased (Fraser et al., 1991; Nowicki et al., 2015). Our results regarding
tail injuries in fattening, however, have to be interpreted carefully, as we had to use
a reduced statistical model.

Conclusions and Perspectives

This study provides novel insights on possibilities to increase the attractiveness of
exploration material by flavours in rearing and fattening pigs. A weekly change of
flavours resulted in a high and sustainable attractiveness of the flavoured straw
pellets for exploration throughout rearing and fattening period. A substantial
decrease in exploration durations were only observed from the first to the second
week of rearing period, but thereafter the time spend with exploration remained
constant. Interestingly, attractiveness of flavours seem to become different from
rearing to fattening. Thus, rather than the kind of flavour the change of flavours
applied on enrichment material may be important to maintain exploration in pigs.
The use of straw pellets with changing flavours can be suggested as a suitable
way to offer attractive exploration material if pigs are kept in fully slatted pens
hampering the use of long fibre organic materials such as straw. It may also be
possible to add flavour to pellets in systems by which pellets are automatically

delivered to the pigs, e.g. by pipes.
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6. Allgemeine Diskussion

6. Allgemeine Diskussion

In der vorliegenden Arbeit wurden organische Beschéaftigungsmaterialien fur
Schweine getestet, die gullekompatibel sind und somit in Stéllen mit Spaltenbdden
eingesetzt werden koénnen. Dabei wurde eine Vvielseitige Auswahl an
Beschaftigungsmaterialien untersucht, mit denen unterschiedliche Sinnesreize von
Schweinen angesprochen werden sollten. Verschieden strukturierte Materialien
boten den Schweinen dabei die Option fur die taktile Wahrnehmung von Strukturen
mit der Russelscheibe. Fressbare Zusatze setzten einen Anlass zur Exploration in
Assoziation mit der Futtersuche und aromatisierte Materialien sollten die
olfaktorischen Fahigkeiten von Schweinen ansprechen. Dabei wurde das Angebot
der Materialien systematisch variiert, wodurch eine zeitgleiche, systematisch
alternierende oder kontinuierliche Gabe von Beschéaftigungsmaterialien untersucht
wurde. Die angewandten Wechselintervalle versprachen einen reduzierenden
Effekt auf die Habituation von Schweinen an die angebotenen
Beschaftigungsmaterialien zu  erzielen. Dabei lie3 die Dauer der
Versuchsdurchfiuhrung von Beginn der Aufzucht bis zum Ende der Mast
vielversprechende  Ergebnisse  hinsichtlich  der Langzeitwirkung von
Beschaftigungsmaterialien fur Schweine erwarten. Die Grundlage zur Erfassung
von Auswirkungen der angebotenen Beschéaftigungsmaterialien auf auftretende
Schwanzschéden bildete der Deutsche Schweine-Boniturschlissel (DSBS).
Dartber hinaus bot die Verwendung eines UHF-RFID-Systems eine neuartige
technische Methode zur automatischen und kontinuierlichen Erfassung der
Aufenthaltszeiten von Einzeltieren an den angebotenen
Beschaftigungsmaterialien. Anhand der erhobenen Daten konnte in der
vorliegenden Arbeit der Zusammenhang zwischen der Beschéaftigungsdauer mit
den eingesetzten Materialien und auftretenden Schwanzschaden bei Schweinen
in den beiden Produktionsabschnitten Aufzucht und Mast untersucht werden. Es
ergaben sich dabei deutliche Praferenzen von Schweinen fir bestimmte
Beschaftigungsmaterialien, die sich in Abh&ngigkeit des Produktionsabschnitts
(Aufzucht und Mast) unterschieden. Gleichzeitig beeinflussten die eingesetzten
Beschaftigungsmaterialien das Vorkommen von Schwanzschéden in der Aufzucht.
Ein allgemeiner Uberblick Uber die eingesetzten Materialien und die

Wechselintervalle ist in Tabelle 6.1 dargestellt.
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6.1 Eignung der Methode zur Praferenzermittiung

Die untersuchten Beschéaftigungsmaterialien wurden den Schweinen in den
vorliegenden Versuchen gleichzeitig (Kapitel 2; (Kauselmann et al., 2020a)),
systematisch alternierend (Kapitel 3 (Kauselmann et al. 2021) und 4 (Kauselmann
et al., 2020b)) oder kontinuierlich (Kapitel 5) angeboten. Somit wurden die
Praferenzen der Schweine in den verschiedenen Untersuchungen (Kapitel 2-5) auf
unterschiedliche Art und Weise gemessen. Zum einen wurde den Schweinen die
Wahlentscheidung Uber verschiedene Stimuli simultan gegeben (Kapitel 2), das
heil3t die Schweine hatten individuell die Wahl zwischen unterschiedlichen,
zeitgleich angebotenen Materialien. Zwischen den verschiedenen Individuen
wurde der Platz der angebotenen Materialien alterniert, um z.B. Seitenpréaferenzen
auszuschlieBen (Naguib und Krause, 2020). Zum anderen wurde ein sequenzieller
wochentlicher (Kapitel 3) oder zweiwdchiger (Kapitel 4) Wechsel der untersuchten
Beschaftigungsmaterialien durchgefuhrt, um die Praferenz der Tiere zu ermitteln.
Daraus ergaben sich Zeitintervalle, zu denen nacheinander jeweils ein Material pro
Bucht in alternierender Reihenfolge getestet wurde. Dabei wurde in jeder der vier
Versuchsbuchten in der Aufzucht jeweils zeitgleich ein unterschiedliches Material
angeboten. Wahrend der Mast erfolgte das Angebot der Materialien nach
demselben Schema wie in der Aufzucht. Jedoch wurde in jedem Zeitintervall
jeweils in zwei der acht Versuchsbuchten das gleiche Material zur Verfiigung
gestellt. Damit sollten zeitliche und zuféllige Effekte kontrolliert werden. Aufgrund
dessen konnte die erfasste Beschéaftigungsdauer fur einen Vergleich der
Materialien herangezogen werden (Kapitel 3 — 4). In einer weiteren Untersuchung
erfolgte das Angebot der untersuchten Beschaftigungsmaterialien kontinuierlich
(Kapitel 5), indem jeweils die Halfte der Aufzucht- bzw. Mastbuchten Uber den
gesamten Versuchszeitraum eines von zwei Materialien erhielten.
Beschaftigungsmaterialien, die sich im Vergleich durch eine hohe
Beschaftigungsdauer von anderen Materialien abhoben, kdnnen daher als von den
Schweinen préaferierte Materialien angesehen werden. Durch ein simultanes
Angebot aller Beschaftigungsmaterialien in jeder Bucht hatten in Kapitel 3 — 5
ebenfalls Praferenzen anhand entsprechender Wahlentscheidungen der Schweine
ermittelt werden kénnen, jedoch hétte Gber den Effekt eines einzelnen Materials

auf potenzielle Schwanzschaden keine Aussage getroffen werden kénnen. Der

139
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Effekt des Beschaftigungsmaterials auf Schwanzschaden war jedoch ein weiterer
Aspekt der vorliegenden Arbeit, der in Kapitel 6.5 diskutiert wird.

6.2 Praferenzen fur Beschaftigungsmaterialien in der Aufzucht und Mast

Beim Angebot unterschiedlich strukturierter Beschaftigungsmaterialien oder
wechselnder Aromen, die auf Strohpellets appliziert wurden, zeigten Aufzucht- und
Mastschweine anhand der Explorationsdauer klare Praferenzen fir bestimmte
Materialien. Wahrend Aufzuchtschweine die hochste Beschéaftigungsdauer fir
Strohpellets mit Bratzwiebel- oder Mandel-Aroma zeigten, bevorzugten
Mastschweine die Kontrolle (Strohpellets ohne zusatzliches Aroma) oder
Strohpellets mit Erdbeer-Aroma (Tabelle 6.1). Diese Aromapraferenzen zeigen
wechselnde Geschmackspraferenzen mit dem Alter der Tiere. Auch die
untersuchten strukturierten Beschaftigungsmaterialien unterschieden sich in ihrem
natirlichen Geschmack und zeigten ebenfalls unterschiedliche Praferenzen
zwischen Aufzucht- und Mastschweinen. Wéahrend sich Aufzuchtschweine am
langsten mit Luzerne- (LP) und Strohpellets (SP) beschéatftigten, favorisierten
Mastschweine gehackseltes Heu (CH) und LP. Jedoch steht auch das Kauen in
engem Zusammenhang mit der Exploration von Schweinen und scheint die
Praferenz von Aufzuchtschweinen fir die Darreichungsform von Futtermitteln zu
beeinflussen, was die Praferenz von Aufzuchtschweinen fur pelletiertes Futter
gegenuber Breifutter mit der gleichen Zusammensetzung der Inhaltsstoffe
verdeutlicht (Sola-Oriol et al., 2008). Aufzuchtschweine konnten pelletierte
Materialien aufgrund eines stark vorhandenen Kaubedurfnisses préferieren, dem
sie durch die Fiatterung mit Breifutter, verglichen mit den Mastschweinen, die
pelletiertes Futter erhielten, nicht adaquat nachgehen konnten. Des Weiteren
zeigten bereits vorausgehende Untersuchungen Praferenzen von Schweinen fir
Materialien, die eine ahnliche Struktur wie Erde besitzen (Jensen et al., 2008).
Erdige Materialien wurden in der vorliegenden Arbeit nicht untersucht, jedoch
nahmen Luzerne- und Strohpellets eine ahnliche Struktur wie Erde an, wenn diese
von den Schweinen angefeuchtet, zerkaut und durchwihlt wurden. Diese

Ergebnisse deuten darauf hin, dass sowohl der Geschmack als auch die Struktur
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die Praferenz von Aufzucht und Mastschweinen fir Beschéaftigungsmaterialien
beeinflusst.

Durch das alternierende Angebot verschiedener Strukturen oder Aromen fand
womoglich eine Anpassung an sich andernde Bedurfnisse zur Exploration der
Schweine statt, was die Erfassung unterschiedlicher Praferenzen zwischen
Aufzucht- und Mastschweinen ermoglichte. Ein unterschiedlich groRes Interesse
fur organische und nicht-organische Beschaftigungsmaterialien zwischen
Saugferkeln, Aufzuchtferkeln und Mastschweinen stellten auch Docking et al.
(2008) in einem direkten Vergleich von Beschéaftigungsmaterialien (Ball, Schuh,
Burste, Teppich, Kette, Kompost, Eisblock, gehéckseltes Stroh, Seil, Metallblock)
fest. Jedoch war Kompost nach funf Tagen der Beobachtung das von allen drei
Altersgruppen am meisten explorierte Material. Die Unterschiede fur bevorzugte
Beschaftigungsmaterialien zwischen Aufzucht- und Mastschweinen sollten bei der
Auswahl geeigneter Beschéaftigungsmaterialien fir Schweine berucksichtigt

werden.

Wurde den Schweinen kontinuierlich gehéckseltes Stroh (CS) oder gehackseltes
Stroh mit Maiskdrnern (CS+MK) angeboten, zeigte sich Uber den gesamten
Versuch hinweg, d.h. sowohl in der Aufzucht als auch in der Mast, eine héhere
Beschaftigungsdauer bei CS+MK. Der in dieser Arbeit beschriebene simultan
Wabhlversuch (Kapitel 2), aber auch vorausgehende Studien (z.B. Studnitz et al.,
2007; Young und Lawrance, 1994; Zwicker et al., 2013) zeigten, dass die
Exploration bei Schweinen eng mit der Futtersuche zusammenhéngt und eine
klare Praferenz von Schweinen fiir Beschéftigungsmaterial mit fressbaren
Bestandteilen vorliegt. Diese Kenntnis kann genutzt werden, um das arttypische

Explorationsverhalten von Aufzucht- und Mastschweinen zu steigern.
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Tabelle 6.1 Ubersicht aller untersuchten Beschaftigungsmaterialien (Kapitel 3-5), deren Wechselintervalle und Auswirkungen auf die Beschéftigungsdauer sowie

Schwanzschaden in der Aufzucht und Mast.

Mittlere Mittlere Wahl- Veranderung der Material
Beschaftigungs- Ei haft  Wechsel-  Praferenz Beschaftigungs- Praferenz ~ Beschaftigungs- versuch Beschaftigungs- geringste
materialien Igenscha intervall Aufzucht dauer Aufzucht Mast dauer Mast (Kapitel 2) dauer zwischen Langen-
(min/Tier und Tag) (min/Tier und Tag)  bestatigt? Aufzucht und Mast  verluste'
Luzernepellets (LP)
Strohpellets (SP) zwei- LP CH Aufzucht: ja . SP
Struktur e 15,4 40,0 Anstieg
Gehéckseltes Heu (CH) wochig SP LP Mast: nein LP
Gehéackseltes Stroh (CS)
Bratzwiebel (FO)
Erdbeere (SB)
Ingwer (Gl) Aroma _,_.,..ﬂo:m:ﬁ- Mn_.u 23.1 MMEB__m 236 m__.::m_:_n:mm ns.
Mandel (AL) c veatl
Vanille (VA)
Kontrolle
Gehéackseltes Stroh (CS) .
. . Fressbarer Ohne Aufzucht: ja .
Gehackseltes Stroh mit Zusatz Wechsel CS*MK 229 CS+MK 42 4 Anstieg Cs

Maiskérnern (CS+MK)

Mast: ja

!in der Aufzucht (keine signifikanten Unterschiede in der Mast), Lédngenverluste beziehen sich auf neu erfasste Teilverluste wahrend der Zeit, in der das entsprechende Material

zur Verfigung stand.
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6.3 Zeitlicher Verlauf der Beschaftigungsdauer in den
Langzeituntersuchungen

Die Vorlage der untersuchten Beschéaftigungsmaterialien variierte in den
vorliegenden  Langzeituntersuchen zwischen kontinuierlich, wdchentlich
alternierend und zweiwo6chig alternierend (Kapitel 3 — 5). Dabei ergaben sich
unterschiedliche Effekte auf die Beschaftigungsdauer innerhalb der Aufzucht,
innerhalb der Mast und uber die Aufzucht und Mast hinweg. Diese Ergebnisse
stellen bezuglich des Einsatzes von Beschéftigungsmaterialien bei Schweinen
eine wichtige Erkenntnis gegeniuber bisherigen Studien dar und werden im

Folgenden genauer beleuchtet.

Das Angebot unterschiedlich strukturierter Materialien (LP, SP, CH und CS; Kapitel
3) im zweiwdchigen Wechsel fuhrte zu einem Anstieg der Beschaftigungsdauer
innerhalb der Aufzucht und innerhalb der Mast. Auch bei dem kontinuierlichen
Angebot von CS+MK oder CS (Kapitel 4) konnte ein Anstieg der
Beschaftigungsdauer innerhalb der Mast festgestellt werden. Haufig wird von
einem schnellen Ruckgang des Interesses an aufgehangten
Beschaftigungsmaterialien innerhalb weniger Tage berichtet (Trickett et al., 2009;
Van de Perre et al., 2011). Die Ergebnisse aus der vorliegenden Arbeit zeigen
jedoch, dass eine Habituation an wihlbare Beschaftigungsmaterialien mit
unterschiedlichen Strukturen und fressbaren Zusatzen ausblieb, unabhéngig
davon ob ein Wechsel der Materialien stattfand oder nicht. Wurden die auf
Strohpellets applizierten Aromen wdchentlich alterniert, zeigten Aufzucht- und
Mastschweine hingegen schwankende Beschéaftigungsdauern zwischen den
Wochen. Wahrend bei Aufzuchtschweinen in der ersten Woche der
Datenerfassung die hochste Beschaftigung am Beschéaftigungsturm ermittelt
wurde, zeigten Mastschweine in der vierten bis sechsten Mastwoche die hochste
Beschaftigung. In einer vorausgehenden Studie wurde Schweinen Stroh,
aromatisiertes Futter im wdchentlichen Wechsel oder aromatisiertes Wasser im
wochentlichen Wechsel Gber verschiedene Substratspender angeboten und deren
Nutzungsintensitat erfasst (Van de Weerd et al., 2006). Als Vergleich wurde eine
Bucht mit  Stroheinstreu  herangezogen und ein  herkbmmliches

Beschaftigungsobjekt (,Bite Rite“) angeboten. Die Autoren stellten fest, dass die
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Schweine das aromatisierte Futter und Wasser verglichen mit dem eingestreuten
Stroh oder dem Stroh aus dem Substratspender in geringerem Male nutzten.
Maglicherweise hat die Verwendung von Aromen einen weniger grof3en Effekt auf
die Beschéaftigungsdauer von Schweinen als zunachst anhand der hohen

olfaktorischen Sinnesleistung angenommen.

Die durchschnittliche Beschaftigungsdauer am Beschaftigungsturm pro Tier und
Tag unterschied sich in den vorliegenden Versuchen (Kapitel 3 — 5) zwischen der
Aufzucht und Mast. Wurde den Schweinen unterschiedlich strukturiertes
Beschaftigungsmaterial im zweiwdchigen Wechsel angeboten, stieg die mittlere
Beschaftigungsdauer von 15,4 min pro Tier und Tag in der Aufzucht auf 40,0 min
pro Tier und Tag in der Mast (Tabelle 6.3). Bei einem wochentlichen Wechsel des
Aromas auf Strohpellets konnte eine mittlere Beschéaftigungsdauer von 23,1 min
pro Tier und Tag in der Aufzucht erzielt werden, jedoch wurde im Vergleich zur
Mast keine Zunahme der Beschaftigungsdauer erreicht (23,6 min pro Tier und Tag;
Kapitel 5). Mit einer kontinuierlichen Gabe von CS oder CS+MK wurde bei
Aufzuchtschweinen eine mittlere Beschéaftigungsdauer von 22,9 min pro Tier und
Tag erreicht (Kapitel 4), die mit der mittleren Beschéaftigungsdauer von
Aufzuchtschweinen vergleichbar ist, die unterschiedlich aromatisierte Strohpellets
erhalten haben (Kapitel 5). In der Mast stieg die mittlere Beschéaftigungsdauer von
Schweinen, die CS oder CS+MK erhalten haben auf 42,4 min pro Tier und Tag an
(Kapitel 4), womit das Niveau der Mastschweine erreicht wurde, die unterschiedlich
strukturierte Materialien erhalten haben (Kapitel 3). Diese Ergebnisse zeigen
Unterschiede in der Beschaftigungsdauer zwischen den Untersuchungen (Kapitel
3 — 5) sowie zwischen der Aufzucht und Mast. Es stellte sich jedoch heraus, dass
die Beschéftigungsdauer in allen vorliegenden Untersuchungen von der Aufzucht
Uber die Mast hinweg aufrechterhalten oder sogar gesteigert wurde. Die
Beschaftigungsdauer von Schweinen konnte auch bereits in vorausgehenden
Studien durch die regelmafiige Vorlage von Stroh aufrechterhalten (Bolhuis et al.,
2005) und durch das Austauschen, bzw. erneute Aromatisieren von
Beschaftigungsmaterial erneut erhéht werden (Nowicki et al., 2015; Van de Perre
et al., 2011). Die bei den Schweinen ausgebliebene Habituation an das

angebotene Beschaftigungsmaterial stellt einen Erfolg der vorliegenden Arbeit dar,
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die auf die regelmafige Beflllung der Beschéaftigungstirme mit frischem Material

oder auf den alternierenden Wechsel von Materialien zurtickzufihren sein kénnte.

Fur Schweine gelten Beschaftigungsmaterialien insbesondere dann als
interessant, wenn sie eine Neuheit darstellen (Docking et al., 2008). Das Auffinden
einzelner Maiskorner beim Wihlen in CS+MK konnte den Effekt der Neuheit
ausgelost haben, obwohl das Beschaftigungsmaterial kontinuierlich angeboten
wurde und kein Wechsel von Materialien stattfand. Ein Anstieg der
Beschaftigungsdauer von der Aufzucht zur Mast wurde jedoch auch fur CS erzielt,
was durch das ausbleibende Finden von fressbarem Mais zun&chst nicht erklarbar
zu sein scheint. Jedoch besitzen Schweine eine grofRe Motivation ihr Verhalten zu
synchronisieren (Hsia und Wood-Gush, 1983; Zwicker et al., 2015). Die Schweine
der CS und der CS+MK Behandlung wurden in der vorliegenden Arbeit zu je zwei
Buchten im selben Abteil gehalten (vier Buchten pro Abteil). Bereits
LautauBerungen der CS+MK Schweine kénnten die CS Schweine dazu animiert
haben, sich ebenfalls zu beschéaftigen, was womaoglich zu einem gleichzeitigen
Anstieg der Beschaftigungsdauer zwischen CS und CS+MK fiihrte. Das Niveau
der Beschéftigungsdauer von Schweinen der CS+MK Behandlung wurde von den
CS Schweinen nicht erreicht, ndherte sich jedoch im letzten Abschnitt der Mast (80
kg Wiegung bis Schlachtbeginn) der Beschaftigungsdauer der CS+MK Schweine
an. Mit dem Alter von Schweinen steigt die objektbezogene Synchronisation
(Docking et al., 2008), was ein Grund fir die Zunahme der Beschaftigungsdauer
in der Mast sein konnte, aber auch die Annaherung der Beschéftigungsdauer im

letzten Abschnitt der Mast erklaren konnte.

Aufzuchtschweine zeigten die geringste durchschnittliche Beschaftigungsdauer,
wenn ihnen unterschiedlich strukturierte Materialein im wéchentlichen Wechsel zur
Verfigung standen. Ein zweiwdchiger Wechsel der Materialien in der
siebenwochigen Aufzuchtphase stellt einen langen Zeitraum dar. Zudem zeigten
Aufzuchtschweine eine klare Praferenz fur pelletierte Materialien, was bedeutet,
dass zwei von vier untersuchten Beschaftigungsmaterialien eine geringe
Beschaftigung auslosten. Im Vergleich zur Aufzucht zeigten Mastschweine eine
hohere durchschnittliche Beschaftigungsdauer am Beschaftigungsautomaten.
Durch die Praferenz von Mastschweinen fur pelletierte und gehéackselte

Materialien (LP und CH), konnten diese sich womadglich besser an weniger beliebte
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Materialien anpassen als Aufzuchtschweine. Somit empfiehlt sich zur Steigerung
der Beschéaftigungsdauer von Aufzuchtschweinen ein wdchentlich alternierendes
Angebot der praferierten Materialien, was moglicherweise auch bei

Mastschweinen die Beschaftigungsdauer weiter steigern kénnte.

Das alternierende Angebot unterschiedlich aromatisierter Strohpellets konnte die
Beschaftigungsdauer von der Aufzucht Uber die Mast hinweg auf einem
gleichbleibenden Niveau aufrechterhalten. In der Mast wurde jedoch nicht das
Niveau der Beschaftigungsdauer im Vergleich zu unterschiedlich strukturierten
Materialien oder verglichen mit der Gabe fressbarer Zusatze in gehackseltem
Stroh erreicht. Zudem praferierten Mastschweine in der vorliegenden Arbeit neben
Strohpellets mit Erdbeer-Aroma auch Strohpellets ohne zusatzlich appliziertes
Aroma (Kontrolle). Diese Ergebnisse legen nahe, dass die Struktur von
Beschaftigungsmaterialien und die Gabe eines fressbaren Zusatzes im
Beschaftigungsmaterial einen groReren Einfluss auf die Steigerung der

Beschaftigungsdauer von Mastschweinen nimmt als zusatzlich applizierte Aromen.

6.4 Eignung der UHF-RFID zur Verhaltenserfassung

Anhand des eingesetzten UHF-RFID-Systems wurde der Aufenthalt der Schweine
in der Nahe des Beschaftigungsturms erfasst. Hierfir wurde das UHF-RFID-
System mittels Videoaufnahmen validiert, um die bestméglichen technischen
Einstellungen zu analysieren (Kapitel 3). Dazu wurde der Wihlbereich innerhalb
des Betonrings als Beschaftigungsbereich definiert. Dies bedeutet, dass ein
Schwein per Definition erst dann vom UHF-RFID-System erfasst werden sollte,
wenn der Rissel tber den inneren Ring des Betonringes ragte, um so die
Wabhrscheinlichkeit zu erhéhen, dass sich ein erfasstes Schwein auch tatséachlich
mit dem angebotenen Beschaftigungsmaterial beschaftigt. Anhand der Validierung
wurden die technischen Parameter ibernommen, mit denen eine moglichst hohe
Sensitivitat und Spezifitdt des Systems unter den definierten Bedingungen erreicht
wurde. Dabei wurde mit einer Antennenleistung von 22,4 dBm die hochste
Sensitivitat (70,7 % in der Aufzucht, 79,3 % in der Mast) und Spezifitat (99,4 % in
der Aufzucht, 99,5 % in der Mast) erreicht. Das in dieser Arbeit eingesetzte UHF-
RFID-System erzielte somit eine Sensitivitat, die mit &hnlichen
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Versuchsanstellungen vergleichbar ist (Adrion et al., 2018; Kapun et al., 2016).
Fehlerhafte Lesungen koénnen in der vorliegenden Arbeit aufgrund der
berechneten Sensitivitat und Spezifitdt nicht vollstandig ausgeschlossen werden,
sind jedoch auf dem kleinstmdglichen Niveau zu erwarten. Dabei ist bei den
erfassten Daten weniger von einer Uberschatzung der Explorationszeit als
vielmehr von einer Unterschatzung auszugehen. Das Ziel in den vorliegenden
Versuchen (Kapitel 3 — 5) war es, die Beschaftigungsdauer der Schweine in
Abhangigkeit des zur Verflgung gestellten Materials kontinuierlich Uber den
gesamten Zeitraum der Aufzucht und Mast zu erfassen. Durch den Einsatz
identischer Beschaftigungstirme in baugleichen Buchten, kann davon
ausgegangen werden, dass im Falle eines vorhandenen Messfehlerbereichs alle
Beschaftigungstirme gleichermalien betroffen waren, was einen Vergleich der

Beschaftigungsdauern zwischen den Buchten erméglicht.

Der Einsatz der UHF-RFID bietet klare Vorteile gegentber der oft verwendeten
Video- oder Direktbeobachtung bezuglich der drtlichen und zeitlichen Erfassung
von Nutztieren. Durch die Erfassung individueller Aufenthaltszeiten mit direkter
Ubertragung von Einzelwerten kénnen zeitintensivere Methoden abgeldst werden.
Da die UHF-RFID eine Empfindlichkeit gegentber Wasser und metallischen
Gegenstanden aufweist, muss gerade bei einem Einsatz in der Schweinehaltung
das Vorkommen von Fehllesungen bericksichtigt werden (Adrion et al., 2018). Der
womoglich grofte Vorteil der UHF-RFID liegt in der gleichzeitigen und
tierindividuellen Erfassung von der Aufenthaltszeit mehrerer Individuen an einem
bestimmten Ort (z.B. Beschéftigungsturm, Tranke oder Futtertrog). Da Schweine
eine grol3e Motivation besitzen, ihr Verhalten zu synchronisieren (Hsia und Wood-
Gush, 1983; Zwicker et al., 2015), ist die Moglichkeit der zeitgleichen Erfassung
mehrerer Tiere in der Schweinehaltung von grof3er Bedeutung, wofir sich der

Einsatz der UHF-RFID besonders gut eignet.

Durch das eingesetzte UHF-RFID-System konnten in der vorliegenden Arbeit neue
Erkenntnisse Uber den Tagesrhythmus der Beschéftigung von Schweinen,
durchgangig von der Aufzucht bis zur Mast, gewonnen werden. Ebenso wie das
Futterverhalten von Schweinen (Bunger et al., 2017), steht auch das
Beschaftigungsverhalten unter einem diurnalen und saisonalen Einfluss. Eine

starke Korrelation der Aktivitdtszeit mit dem Sonnenuntergang und
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Sonnenaufgang wurde auch bereits fur Wildschweine festgestellt (Lemel et al.,
2003). Wintermonate zeichnen sich in Europa aufgrund der geographischen Lage
durch eine kirzere Hellphase im Vergleich zu Sommermonaten aus. So
konzentrierte sich die Hauptbeschéftigungszeit von Schweinen in den
Wintermonaten auf einen zeitlich kirzeren Abschnitt der Hellphase als in den
Sommermonaten (Kapitel 4 und 5). Der Verlauf der Beschaftigungszeit in den
Wintermonaten zeichnete sich durch einen Anstieg nach Sonnenaufgang, einen
Peak zur Mittagszeit und einen anschlieBenden Riickgang bis zum Eintreten der
Dunkelheit aus. In den Sommermonaten passten Schweine ihren Rhythmus der
Beschaftigung an die langere Hellphase an, wobei wéhrend der Mittagszeit ein
vorubergehender Rickgang der Aktivitdt zu verzeichnen war. Diese saisonalen
Einflusse auf den Tagesrhythmus der Beschéftigung wurde in der vorliegenden
Arbeit sowohl fir Aufzucht- als auch fir Mastschweine festgestellt. Lahrmann et al.
(2015) interpretierten Unterschiede im Tagesrhythmus von Mastschweinen, die
sich mit Lang- und Kurzstroh beschéftigten, mit veranderten Aktivitdtsmustern von
Mastschweinen unterschiedlichen Alters (40 kg und 80 kg). Jedoch fand die
Datenerfassung der 40 kg Tiere im Sommer (Juni) und Winter (Januar) statt und
die Datenerfassung der 80 kg Tiere im Fruhling (Marz) und Sommer (August). Bei
den 40 kg Tieren wurde ein Verlauf der Aktivitait des Wiuahl- und
Explorationsverhaltens und des Stroh-/Boden-gerichteten Verhaltens mit einem
Peak zur Mittagszeit beobachtet, wahrend die 80 kg Schweine zwei Peaks im
Tagesverlauf zeigten. Die Messzeitpunkte lassen sich nicht eindeutig in Winter-
und Sommermonate abgrenzen. Jedoch konnte auch hier ein Einfluss der
Jahreszeit auf den veranderten Beschaftigungsrhythmus in Betracht gezogen

werden.

Schwanzlangenverluste wurden in der vorliegenden Arbeit hauptsachlich bei
Aufzuchtschweinen und weniger bei Mastschweinen beobachtet. Zwischen
Aufzucht- und Mastschweinen konnten jedoch keine Unterschiede im
Tagesrhythmus der Beschéaftigung erkannt werden. Somit scheint sich ein
erhohtes Aufkommen von Schwanzlangenverlusten auf Gruppenebene nicht auf
das saisonale und diurnale Aktivitatsmuster von Schweinen auszuwirken. Durch
die detaillierte Echtzeiterfassung konnten sich mit Hilfe eines UHF-RFID-System

jedoch Abweichungen im Verhaltensmuster von Einzeltieren (z.B. Tater und Opfer
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im Schwanzbei3geschehen) erkennen lassen. Gerade im Bereich der
Schweinehaltung ware die Verwendung der RFID-Technik denkbar, um ein
Frihwarnsystem flr Schwanzbeif3en zu etablieren. Bereits mehrere Tage vor dem
Ausbruch von Schwanzbei3en und dem Auftreten von Schwanzschaden geht die
Futteraufnahme (Munsterhjelm et al., 2015; Wallenbeck und Keeling, 2013), sowie
das objektbezogene manipulative Verhalten (Larsen et al., 2019) von Schweinen
zuruck. Eine Identifikation von Tater- und Opfer-Tieren im Schwanzbeil3geschehen
ware notwendig, um anhand eines Beschaftigungsprofils Rickschlisse auf
Abweichungen vom Normalverhalten ziehen zu koénnen. Hierzu waren
weiterfuhrende Untersuchungen und die Evaluierung von einzeltierbezogenen
Tater- und Opfer-Profilen im SchwanzbeiRgeschehen erforderlich. RFID-Daten
erlauben ein sehr differenziertes Bild Uber die Bewegungsaktivitat (Kjaer, 2017)
und der ortlichen Erfassung von Tieren, jedoch erlauben sie keine weitere
Differenzierung der Verhaltensweisen, die ausgefuhrt werden, wéhrend sich das
Tier im Lesefeld der Antennen befindet. Diese Grenzen von RFID-Systemen
mussen, wie in der vorliegenden Arbeit, bei der Versuchsplanung bericksichtigt
werden. Bedarf es anhand der Fragestellung einer weiteren Differenzierung der
Verhaltensweisen, missen weitere Methoden zur Datenerhebung kombiniert
werden, wie z.B. Videoaufnahmen oder Accelerometer (Naguib und Krause,
2020).

6.5 Einfluss des Beschaftigungsmaterials auf Schwanz- und Ohrschaden

In der vorliegenden Arbeit hatten die eingesetzten Beschaftigungsmaterialien in
der Aufzucht einen Einfluss auf das Vorkommen von Schwanzschaden. Allerdings
konnten Schwanzschéaden durch eine Steigerung der Beschéaftigungszeit am
Beschaftigungsturm nicht in zufriedenstellendem Mald reduziert werden.
Ohrschaden wurden hingegen nur bei 1,2 % aller untersuchten Schweine
beobachtet und stellten somit eine Ausnahme dar. Daher richtet sich der Fokus in
diesem Abschnitt auf den Einfluss von Beschaftigungsmaterial auf die Pravalenz

von Schwanzschaden.

Schwanzschéden wurden in der vorliegenden Arbeit anhand des Deutschen
Schweine-Boniturschliissels (DSBS) erfasst (DSBS, 2017). Der Anteil der
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Schweine mit naturlicher Schwanzlange, d.h. ohne Schwanzldngenverlust
(Kategorie 0) am Ende der Aufzucht und Mast ist in Tabelle 6.2 dargestellt. Dabei
fallt auf, dass die meisten Schwanzlangenverluste wahrend der Aufzucht erfasst
wurden, sofern unterschiedlich strukturierte Materialien im zweiwéchigen Wechsel
angeboten wurden. Vorausgehende Studien zeigten, dass ein wodchentlicher
Wechsel von Beschaftigungsmaterialien im Vergleich zu kontinuierlich
angebotenen Materialien bei Aufzuchtschweinen (Trickett et al., 2009) einen
reduzierenden Effekt auf das Auftreten von Schwanzschaden hat. Wie bereits
erwahnt, stellen zwei Wochen in der siebenwdchigen Aufzucht der vorliegenden
Arbeit einen relativ langen Zeitraum dar. Eventuell ware durch einen wdchentlichen
Wechsel des Materials, wie er bei der Untersuchung verschiedener Aromen
durchgefiihrt wurde, ein gréRerer Effekt auf die Reduzierung von Schwanzschaden
erreicht worden. Es ist aul3erdem vorstellbar, dass in der vorliegenden Arbeit vor
einem Auftreten von Schwanzbeif3en in einer Bucht tber zwei Wochen hinweg
nicht das von den Schweinen bevorzugte Material zur Verfigung stand, mit dem
die Beschéftigungsdauer hatte erhdoht und Schwanzschaden hatten vermeiden
werden konnen. Das bereitgestellte Beschaftigungsmaterial kann den Verlauf
eines Schwanzbeif3-Geschehens beeinflussen (Lahrmann et al., 2018). Lahrmann
et al. (2018) setzten bei ersten Anzeichen von Schwanzverletzungen in einer Bucht
unterschiedliche Beschaftigungsmaterialien ein und stellten fest, dass der Einsatz
von Heulage oder Stroh im Vergleich zu Buchten, in denen keine Intervention
stattfand, den Ausbruch von Schwanzbeifl3en verhindern konnte, nicht aber ein Seil
mit einem siRen Leckstein. Gerade vor einem Ausbruch von SchwanzbeiR3en
scheint somit die Art des zur Verflgung gestellten Beschéaftigungsmaterials

besonders wichtig zu sein.

Weiter fallt auf, dass die wenigsten Schwanzlangenverluste bei Aufzucht- und
Mastschweinen auftraten, wenn CS oder CS+MK kontinuierlich angeboten wurde.
Uber alle vorliegenden Versuche hinweg (Kapitel 3 — 5) wurden bei den
Schweinen, die kontinuierlich CS erhalten haben, nach der Aufzucht (92,1 %) und
nach der Mast (53,1 %) die meisten Schweine ohne Schwanzl&dngenverlust
(Kategorie 0) erfasst. Somit traten in dieser Untersuchung (Kapitel 4) mehr
Schwanzlangenverluste in der Mast als in der Aufzucht auf. Gerade in der Mast
scheint das Angebot von CS daher nicht zur Reduktion von Schwanzschaden
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geeignet zu sein, was die Ergebnisse aus Kapitel 3 hinsichtlich der
Beschaftigungsdauer beim Einsatz von CS bestétigen. Die geringen Teilverluste
an den Schwanzen von Aufzuchtschweinen wirden jedoch fir ein kontinuierliches
Angebot desselben Beschaftigungsmaterials ohne fressbaren Zusatz fir
Aufzuchtschweine sprechen, widerspricht jedoch den Ergebnissen aus bisherigen
Untersuchungen. So wurde gezeigt, dass im Vergleich zu einem kontinuierlich
angebotenen Seil ein wochentlicher Wechsel aus sieben verschiedenen
Materialien das Vorkommen von Schwanzschaden reduziert (Van de Perre et al.,
2011). Die geringeren Teilverluste bei der kontinuierlichen Gabe von CS stellen
gleichzeitig einen Wiederspruch zu den in der vorliegenden Arbeit erfassten
Schwanzlangenverlusten bei der Untersuchung unterschiedlich strukturierter
Materialien dar (Kapitel 3). Hier wurde neben LP, SP und CH auch CS im Wechsel
angeboten. Es stellte sich heraus, dass die meisten neu erfassten
Schwanzlangenverluste (47,4 %) wahrend der Zeit auftraten, zu der den
Aufzuchtschweinen CS zur Verfiigung stand. Durch den Wechsel war den Tieren
Beschaftigungsmaterial bekannt, die im Vergleich zu CS préferiert wurden.
Womoglich wurde durch die Gabe von CS Frustration aufgrund von nicht
bereitgestellten  Vorlieben ausgelost. Die wenigsten neu erfassten
Schwanzlangenverluste wurden fur LP (19,1 %) und SP (8,5 %) erfasst. Bei der
Gabe von LP und SP wurde zudem die héchste Beschaftigungsdauer bei

Aufzuchtschweinen erzielt.

Tabelle 6.2 Prozentualer Anteil von Schweinen ohne L&ngenverlust (Kategorie 0) nach der
Aufzucht und Mast.

Aufzucht Mast
Anzahl Tiere

Beschaftigungsmaterialien Anzahl Tiere

Anteil (%)* Anteil (%)*

gesamt (n) gesamt (n)
Strukturierte Materialien (Kapitel 3) 16,0 % 94 15,7 % 172
Aromatisierte Strohpellets (Kapitel 4) 57,9 % 183 22,6 % 168
Nutritiver Zusatz (Kapitel 5) 76,1 % 276 44,0 % 259

lBezugsgrt‘nf&e ist jeweils die Anzahl der insgesamt bonitierten Schweine (n) am Ende der Aufzucht bzw.
Mast.

In der vorliegenden Arbeit stellte sich heraus, dass eine hohe Beschéaftigungsdauer

nicht immer mit einem geringen Anteil von Schwanzschéden bei Schweinen
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korreliert. Dies ist eine wesentliche neue Erkenntnis, denn oft wird angenommen
(Telkadnranta et al., 2014; Van de Weerd et al., 2006), dass das Angebot von
Beschaftigungsmaterialien und eine hohe Explorationszeit von Tieren ausreicht,
um in der konventionellen Haltung einen ersten Schritt gegen das Auftreten von
Schwanzbeilen zu machen. Die Ausganslage scheint jedoch komplexer zu sein,
denn mehrfach traten die meisten Schwanzlangenverluste Uber einen Zeitraum
auf, zu dem den Schweinen ein Beschaftigungsmaterial zur Verfigung stand, das
eine hohe Beschaftigungsdauer erzielte. Besonders deutlich wurde dies bei der
Gabe von CS+MK. In der vorliegenden Arbeit trat Schwanzbei3en meist sehr
plotzlich auf und verbreitete sich schnell in der gesamten Bucht. Die beobachtete
Form von Schwanzbei3en deckt sich in weiten Teilen mit der Definition des
,sudden forceful® Schwanzbeillens von Taylor et al. (2010). Als Ursache
beschreiben die Autoren einen nicht verfigbareren Zugang zu einer vom Schwein
gewinschten Ressource. Es ist daher nicht auszuschliel3en, dass Schweine in der
vorliegenden Arbeit nicht ausreichend Zugang zu dem angebotenen
Beschaftigungsmaterial hatten oder der Vorrat von sehr beliebten
Beschaftigungsmaterialien schnell aufgebraucht wurde und den Schweinen an
vereinzelten Wochenenden nicht zur Verfigung stand. Fir limitierte Ressourcen
zeigen Schweine eine hohere Synchronisation des Verhaltens als fir ad libitum
verfligbare Ressourcen (Docking et al., 2008), was verdeutlicht, dass Schweine
eine entstehende Ressourcenknappheit erlernen kénnen und ihr Verhalten daran
anpassen. Diese erhohte Konkurrenz um das Beschaftigungsmaterial kbénnte zu
Stress bei den Schweinen gefiihrt haben, was wiederum Schwanzbeil3en
begnstigt (Schragder-Petersen und Simonsen, 2001). Aus diesem Grund stellt der
standige Zugang zu Beschaftigungsmaterial in ausreichender Menge fur Schweine
eine wichtige Voraussetzung dar, um artgerechtes Verhalten zu ermdéglichen und
um SchwanzbeiR3en zu reduzieren. Es ist daher naheliegend, dass das Auftreten
von Schwanzbeifen durch eine Erhéhung der Tierplatze am Beschaftigungsturm

oder einen gréReren Vorrat des Beschaftigungsmaterials reduziert werden kann.

Weissenbacher-Lang et al. (2012) untersuchten, ob Mykotoxine im Futter das
Vorkommen von Ohrnekrosen beim Schwein beeinflussen. Sie konnten einen
Zusammenhang aber weder bestatigen noch ausschliel3en und vermuteten ein

Zusammenwirken mehrerer Faktoren, die Ohrnekrosen auslosen. Nekrosen am
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Schwanz von Schweinen kdnnen ebenfalls zu Teilverlusten fuhren. Mykotoxine im
Beschaftigungsmaterial kbnnen in der vorliegenden Arbeit beim Einsatz von CS
oder CS+MK jedoch als Ursache fir Schwanzlangenverluste ausgeschlossen
werden. Aufgrund des hohen Anteils an Schwanzlangenverlusten von Schweinen,
die CS+MK erhielten, wurden Stichproben der  verwendeten
Beschaftigungsmaterialien (Stroh und Mais) auf ihnren Mykotoxingehalt untersucht.
Dabei lagen Deoxynivalenol (DON), Zearalenon (ZEA) und Fumonisine unterhalb
der Nachweisgrenze oder im unbedenklichen Bereich (DON < 0,2 mg/kg, ZEA <
0,03 mg/kg, Fumonisine < 0,25 mg/kg).

Wie bereits vorausgehend erwahnt, wurde fur Aufzuchtschweine, die
unterschiedlich strukturierte Materialien erhalten haben und fur Mastschweine, die
unterschiedlich aromatisierte Strohpellets erhalten haben eine vergleichsweise
geringe Beschéaftigungsdauer am Beschaftigungsturm erfasst. Wie aus Tabelle 6.2
hervorgeht, wurden in diesen beiden Abschnitten der Versuche (Kapitel 3 und 4)
die meisten Schwanzlangenverluste beobachtet. Da die Beschéaftigungsdauer von
Schweinen bereits vor dem Auftreten von Schwanzbeil3en zurtickgeht (Larsen et
al., 2019), konnten die niedrigen Beschéaftigungsdauern auch lediglich ein
Anzeichen fir stattgefundenes Schwanzbei3en gewesen sein und weniger ein

Effekt des untersuchten Materials.
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6.6 Gesamtheitliche Betrachtung von Risikofaktoren fur Schwanzbeil3en

Aufgrund der Tatsache, dass in allen Versuchsdurchgédngen zwischen 84,3 und
56,0 % der Schweine einen Schwanzlangenverlust erlitten, wurde die in Kapitel
1.2.2.3 vorgestellte Tabelle 1.2 Uber Risikofaktoren der Haltungsumwelt auf
Schwanzbeilen mit Daten aus der vorliegenden Arbeit erweitert (Tabelle 6.3), um

eine Risikoanalyse ableiten zu kdnnen.

Der Einsatz einer Breifutterung, zu der mehrere Schweine gleichzeitig Zugang
hatten, musste gemal Hunter et al. (2001) und Smulders et al. (2008) das Risiko
fur Schwanzbeif3en in der vorliegenden Arbeit reduziert haben. Jedoch wurden die
Schweine in der Aufzucht, mit Ausnahme der teilperforierten Liegeflache, auf
Vollspaltenboden gehalten, wahrend den Mastschweinen ausschlief3lich
Vollspalten als Bodenbelag zur Verfigung standen. Da die Pravalenz fur
Schwanzbeillen mit zunehmendem Anteil an Spaltenboden steigt (Smulders
2008), stellte die Bodenbeschaffenheit in der vorliegenden Arbeit ein Risikofaktor
fur SchwanzbeiRen dar. Um die Beschaftigungsdauer zwischen mdglichst
homogenen Gruppen vergleichen zu kénnen, wurden die Schweine in den
vorliegenden Versuchen zuféllig auf die Buchten in der Aufzucht und Mast verteilt.
Dies brachte eine Heterogenitat der Gewichte innerhalb der Buchten mit sich,
wodurch das Risiko fir Schwanzbeil3en ggf. erhoht wurde (Scollo et al., 2016). Der
Zugang zu Beschaftigungsmaterial wirkt sich reduzierend auf das Vorkommen von
Schwanzbeil3en aus (Beattie et al., 1995; Fraser et al., 1991; Hunter et al., 2001)
und wurde den Schweinen in der vorliegenden Arbeit in groBem Umfang und in
einer hohen Vielfalt ermdglicht. Die GruppengréfRe in der Schweinehaltung hat
vermutlich keinen Einfluss auf die Pravalenz von Schwanzbeien (Schmolke et al.,
2003), dennoch waren anhand der Beobachtungen in der vorliegenden Arbeit fur
Aufzuchtschweine kleine Gruppen empfehlenswert. Dadurch kénnte bei einem
Schwanzbeil3ereignis die Ausbreitung auf eine hohe Tierzahl vermieden werden.
Ganzheitlich betrachtet, wurden in der Haltungsumwelt der untersuchten Schweine
Risikofaktoren identifiziert, die zusatzlich zu den erfassten und ausgewerteten

Daten die Pravalenz fiir Schwanzbeif3en beeinflusst haben kdnnten.

Wie sich aus Tabelle 6.3 ableiten lasst, sind Wildschweine den jahreszeitlich

wechselnden klimatischen Bedingungen sowie dem damit verbundenen
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wechselnden Nahrungsangebot ausgesetzt. Sie kdnnen jedoch innerhalb ihres
vielseitigen Lebensraums auftretenden Stressoren ausweichen und sind durch ihre
hohe Sinnesleistung bestens an sich a&ndernde Bedingungen angepasst (omnivore
Ernahrung, Lebensraum im Wald und auf angrenzenden Flachen, grof3es Revier;
Vgl. Tabelle 6.3). Hausschweine werden hingegen nach guter fachlicher Praxis in
einer vom Menschen vorgegebenen Haltungsumwelt untergebracht. Dabei wird
den Tieren Schutz vor der Witterung und die Verfluigbarkeit von Nahrung geboten.
Jedoch wirken dadurch gleichzeitig Umwelteinflisse, wie eine einseitige
Erndhrung, hohe Ammoniakkonzentrationen, hohe/niedrige Temperaturen,
Futterkonkurrenten oder das Absetzen von der Sau auf das Hausschwein ein (Vgl.
Tabelle 6.3), dem es durch die raumliche Begrenzung des Stalles nicht
ausweichen kann. Das Hausschwein hat gegen diese auf das Tier einwirkende
Umwelteinflisse Bewaltigungsstrategien entwickelt, die je nach Art und
Zusammenspiel der Umwelteinfliisse sowie der Moglichkeit zur Stressbewaltigung
starker oder schwacher auftreten. Da auf Schweine in der Obhut des Menschen,
unabhéngig vom Haltungssystem, immer unumgangliche Umwelteinflisse
einwirken werden, scheint es aus aktueller Sicht unmdglich zu sein, das
Schwanzbeil3en in der Schweinehaltung komplett zu verhindern. Jedoch kénnte
den Tieren beispielsweise durch das Angebot von ausreichenden Mengen an
Beschaftigungsmaterial und durch die Schaffung von Klima- oder
Funktionsbereichen die Méglichkeit geboten werden, mit der Haltungsumwelt zu
interagieren. Dies wirde den Schweinen ermdglichen, ihre stark ausgepragten
Sinne einzusetzen, arttypisches Verhalten wie die Exploration auszuiben und

auftretenden Stressoren auszuweichen.
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7. Ausblick

In der Vergangenheit wurden bereits zahlreiche Beschéaftigungsmaterialien fir
Schweine hinsichtlich ihres Einflusses auf die Beschaftigungszeit und
Schwanzschaden untersucht. Dabei lag das Augenmerk in der vorliegenden Arbeit
auf der Untersuchung von Beschéaftigungsmaterialien, die unterschiedliche
Sinnesreize bei Schweinen ansprechen. So wurden Beschaftigungsmaterialien mit
verschiedenen Strukturen, applizierten Aromen oder fressbaren Zuséatzen
eingesetzt. Zwar zeigten Schweine anhand ihrer Beschaftigungszeit klare
Praferenzen fur bestimmte Materialien, dennoch traten héaufig Schwanzschaden in
Form von Teilverlusten oder Hautdurchbrechungen auf. Fur zukinftige
Untersuchungen hinsichtlich der Eignung von Beschéaftigungsmaterialien fur
Schweine ware eine Kombination der in der vorliegenden Arbeit untersuchten
Materialien denkbar. Durch ein alternierendes Angebot unterschiedlicher
Materialeigenschaften (Strukturen, Aromen und fressbare Zusatze) konnte der
Effekt der Neuartigkeit gesteigert werden. Auch wére ein Kombinieren der
Materialeigenschaften denkbar, wie das Mischen aromatisierter Pellets mit
gehéckseltem Material oder das Beifiigen unterschiedlicher fressbarer Zusatze in
pelletierte Materialien. Diese weiterfihrenden Untersuchungen koénnten die
Sinnesleistung von Schweinen in einem noch gréReren MalRe fordern und

arttypisches Verhalten fordern.

Dariiber hinaus werden von Schweinen Materialien bevorzugt, die eine &hnliche
Struktur wie Erde besitzen (Jensen et al.,, 2008). Wiuhlerde wurde als
Beschaftigungsmaterial in der vorliegenden Arbeit nicht untersucht, um aus
funktionalen und hygienischen Grinden stark anhaftende Verschmutzungen am
Beschaftigungsturm zu vermeiden. Weiterfihrende Untersuchungen mit erdigen
Materialien kénnten jedoch einen vielversprechenden Ansatz zur Steigerung der
Beschaftigungsdauer von Schweinen darstellen.

Der in der vorliegenden Arbeit genutzte Beschaftigungsturm mit Wihlbereich
ermoglichte den Schweinen das Ausiiben von Explorationsverhalten in Form von
Wihlen. Er stellt daher eine praxistaugliche Maoglichkeit zur Vorlage von
Beschaftigungsmaterialien fur Schweine dar. Obwohl die Beschéftigungsdauer am

Beschaftigungsturm tber die Aufzucht und Mast hinweg aufrechterhalten werden
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konnte, traten Schwanzschaden auf. In diesem Zusammenhang wére ein
maglicher Einfluss des Beschéftigungsturms denkbar, indem der Zugang zu dem
Beschaftigungsmaterial limitiert war. Bei der Nutzung des Beschaftigungsturms
sollte daher darauf geachtet werden, dass eine regelmafige Befillung, z.B. auch
am Wochenende, stattfindet. Darlber hinaus konnte der Zugang zu dem
Beschaftigungsmaterial und dessen Verfiugbarkeit durch den Einbau mehrerer
Beschaftigungstirme erhdht werden, wodurch das Beschéaftigungsmaterial eine
weniger limitierte Ressource darstellt und somit zusatzlicher Stress reduziert

werden kann.

Die Bonitur der Teilverluste an den Schwéanzen der Schweine erfolgte anhand des
Deutschen Schweine-Boniturschliissels (DSBS). Dieser bericksichtigt flnf
Kategorien, in denen zum einen der unversehrte Schwanz eine Kategorie bildet
und die weitere Einteilung in Dritteln des Schwanzes erfolgt (Verlust bis zu einem
Drittel, bis zu zwei Drittel, mehr als zwei Drittel und Totalverlust). Haufig traten in
der vorliegenden Arbeit jedoch kleine Teilverluste an der Schwanzspitze auf, die
anhand des DSBS in dieselbe Kategorie fielen, wie Teilverluste bis zu einem
Drittel. Dies kann zu einer Uberinterpretation der Ergebnisse fiihren. Dabei sollen
Verletzungen an der Schwanzspitze keinesfalls marginalisiert werden,
versprechen jedoch ausgehend von Beobachtungen wahrend der Datenerfassung
fur die vorliegende Arbeit eine grol3ere Wahrscheinlichkeit der schnellen Heilung
und weniger weitreichende Folgeinfektionen. Aus diesem Grund ware eine
differenzierte Erfassung von Verlusten im Bereich der Schwanzspitze und weiteren

Teilverlusten gemall dem DSBS empfehlenswert.

Letztendlich stellt Schwanzbeil3en bei Schweinen ein multifaktorielles Problem dar.
Neben der Erfassung der Beschaftigungsdauer beim Einsatz unterschiedlicher
Beschaftigungsmaterialien ware die Erhebung weiterer Risikofaktoren fir
Schwanzbeilen empfehlenswert, um das Zusammenwirken einzelner

Einflussfaktoren auf die Verhaltensanomalie zu verstehen.
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Schlussfolgerung

Schlussfolgerung

Mit der vorliegenden Arbeit konnte anhand einer erh6hten Beschéaftigungsdauer
attraktives organisches Beschaftigungsmaterial fur Schweine identifiziert werden,
welches in konventionellen Stallen genutzt werden kann. Dabei unterschieden sich
die stark explorierten Materialien zwischen Aufzucht- und Mastschweinen. Des
Weiteren kann der Einsatz fressbarer Zusatze sowie ein Wechsel von Strukturen
oder Aromen die Habituation von Schweinen an Beschaftigungsmaterialien
verhindern.  Schwanzschaden  konnten durch eine  Erhéhung der
Beschaftigungszeit nicht reduziert werden und wurden vor allem in der Aufzucht
(funfte bis elfte Lebenswoche) beobachtet. Hier wurden Effekte der untersuchten
Materialien auf Schwanzlangenverluste und Hautdurchbrechungen am Schwanz
analysiert. Moglicherweise kann die Art des Beschaftigungsmaterials oder die Art
der Darreichung auch zu Konkurrenz innerhalb der Gruppe fuhren. Ohrschaden

traten insgesamt nur sehr selten auf.

In der Aufzucht kann durch die Verwendung pelletierter Materialien oder durch das
Aromatisieren von Beschaftigungsmaterialien mit Bratzwiebel- oder Mandel-
Aroma die Beschéaftigungsdauer gesteigert werden. Dabei empfiehlt sich zur
Reduktion der Habituation ein woOchentlicher Wechsel des Materials. Bei
Mastschweinen kann sowohl mit pelletierten als auch mit gehéackselten Materialien
eine Steigerung der Beschéaftigungsdauer erzielt werden. Dabei stellt die
Verwendung applizierter Aromen keinen Vorteil gegentber den natirlichen
Aromen von Beschaftigungsmaterialien dar. Das Beimischen fressbarer
Materialien steigert die Beschéftigungsdauer sowohl von Aufzucht- als auch von
Mastschweinen. Jedoch sollte eine ausreichende Menge des angebotenen
Beschaftigungsmaterials und genlgend Platz am Beschaftigungsturm zur
Verfligung gestellt werden, wodurch den Tieren ein standiger Zugang zu den
Materialien gewahrleistet wird. Zur Reduktion von Schwanzschaden sind neben
der Bereitstellung geeigneter Beschaftigungsmaterialien zur Steigerung der
Beschaftigungsdauer  weitere Mafl3nahmen zur  Verbesserung der

Haltungsbedingungen unkupierter Schweine notwendig.

Die Ergebnisse der vorliegenden Arbeit verdeutlichen, dass organische

Beschéaftigungsmaterialien zum einen arttypisches Verhalten von Schweinen
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fordern und damit das Wohlergehen konventionell gehaltener Schweine steigern
kénnen. Andererseits reicht der Einsatz von Beschaftigungsmaterial als alleinige
MalRnahme gegen Schwanzbeil3en nicht aus, um das Auftreten von
Schwanzschaden bei unkupierten Schweinen zu reduzieren. Ein komplexer
Zusammenhang mehrerer Risikofaktoren verursacht das Auftreten dieser
Verhaltensanomalie, weshalb bei der Implementierung von L&sungsansatzen
gegen Schwanzbeil3en neben dem Angebot von Beschéaftigungsmaterial weitere
Risikofaktoren erfasst und analysiert werden mussen. Letztendlich haben
Schweine in einer vorgegebenen Haltungsumwelt wenige Madglichkeiten,
auftretenden Stressoren auszuweichen. Hierbei stellt sich die Frage, ob unter
Berucksichtigung der multifaktoriellen Problematik die Haltung von Schweinen mit
unkupierten Schwanzen in konventionellen Stéllen ohne das Auftreten von
Schwanzschéden tberhaupt moglich ist. Oder ob das Problem darin liegt, dass
Schweine mit einer hohen Sinnesleistung in einer reizarmen Umwelt gehalten
werden und die heute sogenannten alternativen Haltungssysteme keine
Alternative darstellen, sondern eine Notwendigkeit bei der Haltung von Schweinen

mit langem Schwanz sind.

Aufgrund der Madglichkeit einer tierindividuellen Datenerfassung ist die
Verwendung eines UHF-RFID-Systems zur Etablierung eines Frihwarnsystems
denkbar, um Verhaltensanomalien wie Schwanzbei3en friihzeitig anhand von
Aktivitatsindikatoren erkennen und somit eliminieren zu kénnen. Dartber hinaus
werden in der Praxis Mdglichkeiten gesucht, wie die lickenlose Rickverfolgbarkeit
von der Geburt eines Schweines bis zum Einzelhandel gewahrleistet werden kann.
Der Einsatz der UHF-RFID héatte dabei grof3es Potential Schweine anhand von
UHF-RFID-Ohrmarken individuell zu kennzeichnen, wodurch gleichzeitig eine

kontinuierliche Verhaltensiberwachung auf Einzeltierebene moglich ware.
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Zusammenfassung

Zusammenfassung

Schwanzbeil3en ist eine Verhaltensanomalie, die haufig bei konventionell
gehaltenen Hausschweinen auftritt. Dabei kann es das Wohlergehen betroffener
Schweine beeintrachtigen und 6konomische Verluste fir den landwirtschaftlichen
Betrieb bedeuten. Die Ursachen von Schwanzbeil3en sind multifaktoriell, weshalb
die bis heute gangigste Methode zur Reduktion von Schwanzschéden bei
Schweinen das praventive Kupieren des Schwanzes darstellt. Neben dem
invasiven Eingriff wirkt jedoch auch der Einsatz von Beschaftigungsmaterialien
reduzierend auf Schwanzschéden, indem das arttypische Explorationsverhalten
gesteigert wird. Dabei stellt die schnelle Habituation von Schweinen eine

Herausforderung bei der Auswahl geeigneter Beschéaftigungsmaterialien dar.

Im Rahmen des Projekts ,Label-Fit — Schweinehaltung fit fur das Tierschutzlabel,
wurden unterschiedliche organische Beschéaftigungsmaterialien fur Aufzucht- und
Mastschweine untersucht, die in konventionellen Haltungssystemen mit
Spaltenbdden eingesetzt werden kénnen. Das Ziel der vorliegenden Arbeit war die
Identifikation ~ von  attraktivem Beschaftigungsmaterial anhand  der
Explorationsdauer der Tiere. Gleichzeitig wurde der Einfluss der eingesetzten
Beschaftigungsmaterialien auf Schwanz- und Ohrschaden bei Schweinen mit

unkupiertem Schwanz untersucht.

Vor der Durchfihrung von drei Langzeituntersuchungen, wurden zwei
Wahlversuche zur Eingrenzung der fir Schweine attraktiven organischen
Beschaftigungsmaterialien durchgefihrt. Dabei wurden unkupierten Schweinen in
einem Trog mit sechs Fachern zum einen unterschiedlich strukturierte Materialien
und zum anderen verschiedene fressbare Zusatze in Stroh parallel angeboten.
Anhand der individuell erfassten Beschéaftigungsdauer zeigten Schweine klare
Praferenzen fur pelletierte Materialien und bevorzugten gehéackseltes Stroh mit
einem fressbaren Zusatz, wie Maiskorner. Diese Ergebnisse wurden zur Auswabhl
von Beschéaftigungsmaterialien fiir die anschlieenden Langzeituntersuchungen

herangezogen.

Fur die drei Langzeituntersuchungen wurden Beschaftigungstirme mit einem
integrierten UHF-RFID-System ausgestattet, um die Beschéaftigungsdauer der

Schweine an dem mit Beschaftigungsmaterial geflllten Beschaftigungsturm
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aufzuzeichnen. Beim Wechsel der alternierend angebotenen
Beschaftigungsmaterialien wurden die Schwanze und Ohren der Schweine gemalf
dem ,Deutschen Schweine Boniturschlissel“ hinsichtlich Teilverluste und

Hautdurchbrechungen bewertet.

In der ersten Langzeituntersuchung erhielten Aufzucht- und Mastschweine vier
Beschaftigungsmaterialien mit unterschiedlichen Strukturen (Luzernepellets,
Strohpellets, gehackseltes Heu und gehackseltes Stroh) im zweiwdchigen
Wechsel. Dabei praferierten Aufzuchtschweine pelletierte Materialien, wahrend
Mastschweine Praferenzen fir gehackseltes Heu und Luzernepellets zeigten.
Daruber hinaus stieg die Beschaftigungsdauer von der Aufzucht zur Mast an. Beim
Einsatz der Materialien, die die hochste Beschaftigungsdauer in der Aufzucht
erzielten (Luzernepellets oder Strohpellets), wurden die wenigsten Teilverluste am
Schwanz erfasst. Jedoch traten beim Einsatz von Strohpellets in der Aufzucht die

meisten Hautdurchbrechungen an den Schwanzen auf.

Die zweite Langzeituntersuchung befasste sich mit der Frage, ob die
Beschaftigungsdauer von Aufzucht- und Mastschweinen beim Einsatz von
gehéackseltem Stroh gesteigert werden kann, wenn Maiskorner als fressbarer
Zusatz untergemischt werden. Im Vergleich zu Schweinen, die gehackseltes Stroh
ohne Mais erhielten, zeigten Schweine, denen gehéckseltes Stroh mit Mais
bereitgestellt wurde, in der Aufzucht und Mast eine hdhere Beschéaftigungsdauer
am Beschaftigungsturm. Die Beschéaftigungsdauer konnte zudem von der Aufzucht
zur Mast gesteigert werden, obwohl kein Materialwechsel innerhalb der Gruppen
stattfand. Daruiber hinaus wurden saisonale Unterschiede in der Tagesrhythmik
von Schweinen festgestellt. Erstaunlicherweise traten bei den Schweinen, die
gehéckseltes Stroh ohne Mais erhielten, im Vergleich zu den Schweinen, die

gehéackseltes Stroh mit Mais erhielten, geringere Teilverluste am Schwanz auf.

In der dritten Langzeituntersuchung wurden Aufzucht- und Mastschweinen
unterschiedlich aromatisierte Strohpellets im wochentlichen Wechsel angeboten.
Es stellten sich unterschiedliche Praferenzen fir Aromen zwischen Aufzucht- und
Mastschweinen heraus. Die hochsten Beschéaftigungsdauern wurden in der
Aufzucht fur Strohpellets mit Bratzwiebel-Aroma oder Mandel-Aroma erfasst. In

der Mast beschéftigten sich die Schweine am langsten mit Strohpellets ohne
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Zusammenfassung

Aroma oder mit Erdbeer-Aroma. Dabei konnte die Beschaftigungsdauer von der
Aufzucht bis zur Mast konstant gehalten werden. Die meisten
Hautdurchbrechungen am Schwanz traten in der Aufzucht bei der Verwendung
von Vanille-Aroma oder Bratzwiebel-Aroma auf, wobei Vanille im Unterschied zu

Bratzwiebel zu den Aromen mit den geringsten Beschéaftigungsdauern zahlte.

Anhand der vorliegenden Untersuchungen konnten Kklare Praferenzen von
Schweinen fir bestimmte organische Beschaftigungsmaterialien gezeigt werden,
die arttypisches  Explorationsverhalten  steigerten.  Jedoch  konnten
Beschaftigungsmaterialien, fir die eine hohe Beschéaftigungsdauer erfasst wurde,
Schwanzschaden in Form von Langenverlusten und Hautdurchbrechungen nicht
reduzieren. Dies verdeutlicht, dass neben dem Zugang zu Beschéaftigungsmaterial
weitere Faktoren auf die Pravalenz fur Schwanzschaden einwirken, welche

zusammenhangend betrachtet werden mussen.

164



Summary

Tail biting is a behavioural disorder that often occurs in commercially housed
domestic pigs. It may affect welfare of involved pigs and cause economic losses
for the farm. The causes of tail biting are multifactorial, which is why preventive tail
docking is the most comon method to reduce tail damages in pigs until today.
However, besides invasive interventions, the use of enrichment materials can
reduce tail biting by increasing species-specific exploration behaviour. Thereby,
the rapid habituation of pigs poses a challenge in the selection of enrichment

materials.

Within the research project “Label-Fit — Schweinehaltung fit far das
Tierschutzlabel”, different plant-based enrichment materials for rearing and
fattening pigs were investigated, which can be used in conventional housing
systems with slatted floors. The aim of the present study was to identify attractive
enrichment material based on the exploration duration. Furthermore, the influence
of the enrichment materials on tail and ear damages was investigated in pigs with

undocked tails.

Prior to three long-term investigations, two choice tests were carried out for better
delimination of plant-based enrichment materials considered attractive for pigs.
Therefore, pigs were offered enrichment materials of different structure or, in the
second test, straw with different edible additives. In both tests materials were
offered in parallel in six boxes. By means of the individually recorded exploration
durations, pigs showed clear preferences for pelleted materials and preferred
chopped straw with edible additives, such as maize kernels. These results were

used to select enrichment materials for further long-term investigations.

In the three long-term investigations, material dispensers were equipped with an
UHF-RFID system to record exploration durations of the pigs at the material
dispenser filled with enrichment materials. Enrichment materials were offered in an
alternating order and at each change of material the tails and ears of the pigs were
recorded according to the “Deutscher Schweine Bonitur Schllissel” (DSBS)

regarding partial losses and skin injuries.
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Summary

In the first long-term investigation, rearing and fattening pigs received four
enrichment materials with different structures (lucerne pellets, straw pellets,
chopped hay and chopped straw) in a two-weekly change. Rearing pigs preferred
pelletized materials, while fattening pigs showed preferences for chopped hay and
lucerne pellets. Furthermore, exploration duration increased from rearing to
fattening. When offering the enrichment materials that achieved the highest
exploration durations in rearing (lucerne pellets or straw pellets), the fewest partial
losses of the tails were recorded. However, when offering straw pellets in rearing,

most injuries at the tails occurred.

The second long-term investigation dealed with the question, if exploration duration
of rearing and fattening pigs for chopped straw can be increased by adding maize
kernels. Compared with pigs that received chopped straw without maize, pigs that
received chopped straw with maize kernels showed higher exploration durations
at the material dispenser during rearing and fattening. Furthermore, exploration
duration could be increased from rearing to fattening, although there was no
change of the material within the groups. Additionally, saisonal differences in the
diurnal pattern of exploration of pigs were found. Interestingly, pigs that received
chopped straw without maize kernels showed fewer length losses of the tails

compared to pigs that received chopped straw with maize kernels.

In the third long-term investigation, rearing and fattening pigs received different
flavoured straw pellets in a weekly change. Different preferences for flavours were
found between rearing and fattening pigs. During rearing, highest exploration
durations were recorded for straw pellets with fried onion flavour or almond flavour.
During fattening, pigs explored straw pellets without flavour or with strawberry
flavour longest. Exploration duration could be maintained at a constant level from
rearing to fattening. Most skin injuries at the tails occurred when using vanilla
flavour or fried onion flavour during rearing, whereby vanilla, unlike fried onion, was

one of the flavours with the lowest exploration durations.

On the basis of the present investigations clear preferences of pigs for specific
plant-based enrichment materials could be shown, which increased species-
specific exploration behaviour. However, enrichment materials for which high

exploration durations were recorded could not reduce tail damages, such as partial
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losses or skin injuries. This illustrates that, apart from the access to enrichment
material, further factors influence the prevalence of tail damages, which have to be

considered in relation to each other.
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Supplementary Tab. 1. Composition of the two feed rations during fattening (feed conversion at
an average weight of 80 kg).

Item ration 1 ration 2
Ingredients
Barley (%) 17 59
Wheat (%) 59 22
Soya extraction meal (%) 19 15
Rapeseed oil (%) 2 15
Mineral feed* (%) 3 2.5

Nutrient component

ME (MJ/kg) 14.0 13.3
Crude protein (g/kg) 175.7 157.5
Crude fibre (g/kg) 37.0 49.0
Crude fat (g/kg) 41.8 39.4

*8.0 % lysine, 2.0 % methionine, 2.0 % threonine
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Anhang

Ultra-high-frequency radio-frequency identification (UHF RFID) antenna-
transponder systems run either at low frequencies (LF, 125 - 135 Kilohertz (kHz)),
high frequencies (HF, 13.56 Megahertz (MHz)), or ultra-high frequencies (UHF,
865 - 868 and 902 - 928 MHz). Compared to UHF systems LF and HF systems
have a higher resistance against external influences (e.g. water, metal shielding or
reflection) but they only have short reading distances. Additionally, LF systems can
only detect one transponder (i.e. animal) per time at a given antenna. In contrast,
UHF RFID systems allow monitoring of several transponders at the same time and
at greater distances. However, the lower resistance against external influences
compared to LF and HF systems can lead to false positive and false negative
detections (Adrion et al., 2018).

The antennas have an opening angle of 100° with a circular polarization of their
radiation and an antenna gain of 2.5 decibel isotropic circular (dBiC). Converted,
this corresponds to a value of 2.7 decibel dipole (dBd), what means that the
antenna has 2.7 decibel (dB) less power compared to a pure dipole. Via a coaxial
cable (attenuation -0.29 dBm/m) of 10 m the antennas were connected to the same
type of reader (deister electronic GmbH, agrident GmbH) with an integrated
multiplexer, that Adrion et al. (2015) used. Four antennas could be connected to
one multiplexer (one multiplexer per pen). The multiplexing process was set to
activate each antenna for 250 milliseconds, before switching to the next antenna,
what means that every antenna was activated once in a second. The output power
of the readers was 28 dBm. Minus the attenuation of the coaxial cable (2.9 dBm)
and of the antenna (2.7 dBm) we reached a radiated output power of 22.4 dBm at

the antennas.
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Supplementary Tab. 1. Composition of the two feed rations during rearing (feed conversion after

two weeks of rearing) and fattening (feed conversion at an average weight of 80 kg).

rearing fattening
Item ration 1 ration 2 ration 1 ration 2
Ingredients
Barley (%) 18 32 17 59
Wheat (%) 20 40 59 22
Squeezed oats (%) 20 - -
Maize flour (%) 5 - -
Soya extraction meal (%) - 16 19 15
Feed oll - 2 -
Rapeseed oil (%) 2.5 - 2 15
Mineral feed* (%) 4 5 3* 2.5%
Feed supplements (%) 30.5” 5 -
Nutrient component
ME (MJ/kg) 14.1 13.9 14.0 13.3
Crude protein (g/kg) 161.0 177.7 175.7 157.5
Crude fibre (g/kg) 44.0 40.7 37.0 49.0
Crude fat (g/kg) 84.0 43.6 41.8 39.4

*8.0 % lysine, 2.0 % methionine, 2.0 % threonine; “protein supplement, energy supplement, fiber

mix, lignocellulose, zeolite, acids

Supplementary Tab. 2. Experimental plan of the offered materials in the pens during the two-week

blocks of the weaning and fattening period.

Rearing pen Fattening pen
Trial  1reat

ment 1 2 3 4 1 2 3 4 5 6 7 8
1 1 * * * * SP CH CS LP CH CSs SP LP
1 2 * * * * LP SP CH Cs SP CH LP Cs
1 3 * * * * CH CS LP SP CS LP CH SP
1 4 * * * * CS LP SP CH LP SP CS CH
2 1 SP LP CH Cs Cs CH LP SP LP CS CH SP
2 2 LP CS SP CH CH SP CS LP CS CH SP LP
2 3 CH SP Cs LP LP Cs SP CH SP LP CS CH
2 4 CSs CH LP SP SP LP CH Cs CH SP LP Cs

* no data collected (material offered in weekly change, uniform across the weaning pens)
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Supplementary Tab. 3. Average amounts per animal and day of the four enrichment materials

(lucerne pellets (LP), straw pellets (SP), chopped hay (CH) and chopped straw (CS)).

Material (g/animal and day)

Trial LP SP CH Cs
rearing

1 * * * *

2 53.03 54.00 11.58 12.60
fattening

1 131.05 101.75 29.03 15.72

2 163.39 193.81 29.27 27.65

“no data collection

Supplementary Tab. 4. Average weights and daily weight gains of the animals during the test

phase.
Weight Dail iaht oai
Trial Date (kg+S.D.) aly weight gain
. (gxS.D.)
begin end
rearing
1* 03.08.2017 — 20.09.2017 7817 29157 434.5 £ 93.8
2 07.12.2017 — 24.01.2018 79122 31672 483.4+113.6
fattening
1 20.09.2017 - 22.11.2017"  291+5.7 92.6+10.6 1001.0 £ 113.6
(9 weeks)
2 24.01.2018 — 21.03.2018 31.6+7.2 785%13.7 835.2£134.8
(8 weeks)

" no data collection; * data collection started at 27.09.2017 (second week of fattening)
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Supplementary Figure 1. (a) fattening pen and (b) rearing pen with material dispenser.

PenlID (AnimallD) Section MateriallD

Supplementary Figure 2. Hierarchical structure of the statistical model for data analysis of rearing.
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Replicate PenlID (AnimallD) Section MateriallD

Supplementary Figure 3. Hierarchical structure of the statistical model for data analysis of
fattening.
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two weeks of rearing) and fattening (feed conversion at an average weight of 80 kg).

rearing fattening
Iltem ration 1 ration 2 ration 1 ration 2
Ingredients
Barley (%) 18 32 17 59
Wheat (%) 20 40 59 22
Squeezed oats (%) 20 - - -
Maize flour (%) 5 - - -
Soya extraction meal (%) - 16 19 15
Feed oil (%) - 2 - -
Rapeseed oil (%) 2.5 - 2 15
Mineral feed* (%) 4 5 3 2.5
Feed supplements (%) 30.5” 5 - -
Nutrient component
ME (MJ/kg) 14.1 13.9 14.0 13.3
Crude protein (g/kg) 161.0 177.7 175.7 157.5
Crude fibre (g/kg) 44.0 40.7 37.0 49.0
Crude fat (g/kg) 84.0 43.6 41.8 39.4

*8.0 % lysine, 2.0 % methionine, 2.0 % threonine

“protein supplement, energy supplement, fiber mix, lignocellulose, zeolite, acids

Supplementary Tab. 1. Composition of the two feed rations during rearing (feed conversion after

Supplementary Tab. 2. Daily weight gains of the pigs and consumed enrichment material of the

two conditions (CS and CS+MK) during the three replicates in rearing and fattening.

. . Enrichment
. Daily weight :
. . animals : material
period date condition gain X
(n) consumption
(g £ SD) )
(9/pig/day)
CS+MK 45 47.3+8.0 26.0
14.06.2018 — 01.08.2018 cs 46 476+78 14.6
) CS+MK 46 444+ 7.6 24.1
rearing 16.08.2018 — 02.10.2018 cs 47 478 +6.7 121
CS+MK 46 47.4+5.6 24.0
18.10.2018 — 05.12.2018 cs 47 51.0+6.9 13.2
CS+MK 44 914.8+94.1 59.4
01.08.2018 — 17.10.2018 cs 38 942 5 + 102.2 39.7
. CS+MK 44 997.9 £ 106.9 53.6
fattening 02.10.2018 — 20.12.2018 cs 48 10492 + 112.6 372
CS+MK 44 906.8 £ 82.6 41.6
05.12.2018 — 21.02.2019 cs a1 9222 +84.1 246
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Supplementary Tab. 3. Percentage of A tail length (score changes within section) and injuries at
the tails (category 0: no injuries, category 1: superficial perforation of the skin, punctually or in the
form of a line, category 2: deeper, planar perforation of the skin, maximum as large as the diameter
of the tail at the respective point, category 3: deeper, planar perforation of the skin, larger than the
diameter of the tail at the respective point) during rearing (section 1) and fattening (section 2 and
3).

rearing fattening
section 1 section 2 section 3
CS CS+MK CS CS+MK CS CS+MK

A tail length

0 categories 92,14 59,56 70,59 75,56 90,63 96,95

1 category 7,14 39,71 29,41 24,44 9,38 3,05

2 categories 0,71 0,74 0,00 0,00 0,00 0,00
Injuries at the tail

Category 0 85,71 72,06 85,29 87,41 88,28 96,18

Category 1 571 6,62 2,21 3,70 0,78 0,76

Category 2 571 6,62 8,09 5,19 10,16 3,05

Category 3 2,86 14,71 4,41 3,70 0,78 0,00

Supplementary Figure 1. (a) Fattening pen with material dispenser, (b) rearing pen with material

dispenser and (c) drawing of the material dispenser with UHF RFID antenna (grey).

192



Electronic supplement

Tasty straw pellets — Exploration of flavoured rooting material by pigs

Karen Kauselmann?, Lars Schrader?, Benedikt Glitz3, Eva Gallmann®, Hansjorg

Schrade®, E. Tobias Krause?

a Institute of Animal Welfare and Animal Husbandry, Friedrich-Loeffler-Institut,
29223 Celle, Germany

b Institute of Agricultural Engineering, University of Hohenheim, 70599 Stuttgart,

Germany

¢ Bildungs- und Wissenszentrum Boxberg (LSZ), 97944 Boxberg, Germany

Veroffentlicht in: Animal 28; 15(6): 100239 (2021)

DOI: 10.1016/j.animal.2021.100239

193



Anhang

Supplement S1

Ultra-high-frequency radio-frequency identification (UHF RFID) antenna-
transponder systems run either at low frequencies (LF, 125 - 135 Kilohertz (kHz)),
high frequencies (HF, 13.56 Megahertz (MHz)), or ultra-high frequencies (UHF,
865 - 868 and 902 - 928 MHz). Compared to UHF systems LF and HF systems
have a higher resistance against external influences (e.g. water, metal shielding or
reflection) but they only have short reading distances. Additionally, LF systems can
only detect one transponder (i.e. animal) per time at a given antenna. In contrast,
UHF RFID systems allow monitoring of several transponders at the same time and
at greater distances. However, the lower resistance against external influences
compared to LF and HF systems can lead to false positive and false negative
detections (Adrion et al., 2018).

The used antennas had an opening angle of 100° with a circular polarization of
their radiation and an antenna gain of 2.5 decibel isotropic circular (dBIC).
Converted, this corresponds to a value of 2.7 decibel dipole (dBd), what means
that the antenna has 2.7 decibel (dB) less power compared to a pure dipole. Via a
coaxial cable (attenuation -0.29 decibel milliwatt (dBm)/m) of 10 m the antennas
were connected to the same type of reader (deister electronic GmbH,
Barsinghausen, Germany; Agrident GmbH, Barsinghausen, Germany) with an
integrated multiplexer, that Adrion et al. (2015) used. Four antennas were
connected to one multiplexer (one multiplexer per pen). The output power of the
readers was 28 dBm. Minus the attenuation of the coaxial cable (2.9 dBm) and of
the antenna (2.7 dBm) we reached a radiated output power of 22.4 dBm at the
antennas. The area around the material dispenser, delimited by the concrete ring,

was defined as the detection area for the UHF RFID system.
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Supplementary Table S1. Composition of the two feed rations of the pigs during rearing (feed

conversion after two weeks of rearing) and fattening (feed conversion at an average weight of 80
kg).

rearing fattening
Item ration 1 ration 2 ration 1 ration 2
Ingredients
Barley (%) 18 32 17 59
Wheat (%) 20 40 59 22
Oat flakes (%) 20 - - -
Maize flour (%) 5 - - -
Soya extraction meal (%) - 16 19 15
Feed oil (%) - 2 - -
Rapeseed oil (%) 2.5 - 2 15
Mineral feed (%) 4 5 3 2.5!
Feed supplements (%) 30.52 5 - -
Nutrient component
ME3 (MJ/kg) 14.1 13.9 14.0 13.3
Crude protein (g/kg) 161.0 177.7 175.7 157.5
Crude fibre (g/kg) 44.0 40.7 37.0 49.0
Crude fat (g/kg) 84.0 43.6 41.8 39.4

18.0 % lysine, 2.0 % methionine, 2.0 % threonine
2protein supplement, energy supplement, fiber mix, lignocellulose, zeolite, acids

3metabolizable energy

Supplementary Table S2. Selected ingredients of the used food flavours, which were applied on

the straw pellets and offered to the pigs.

Flavour F”.ed Strawberry Ginger Vanilla  Almond
onion
Ingredients
Propylene glycol E1520 (%) -1 90 58 85 70
Benzyl alcohol E1519 (%) 10
Flavour (%) 30 10 32 15 27

1 contained in the food flavour; amount not specified
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Supplementary Table S3. Experimental plan of the used flavours (almond (AL), fried onion (FO),
ginger (GO), strawberry (SB), vanilla (VA) and control (C)) applied on straw pellets offered to the
pigs during the weekly intervals of the rearing and fattening period in both replicates.

: Replicate 1 Replicate 2
Period Week Penl Pen2 Pen3 Pen4 Penl Pen2 Pen3 Pen4

1 SB FO Gl C VA AL SB Gl

2 C SB VA FO Gl VA FO AL

3 AL Gl C VA C SB Gl FO

Rearing 4 VA AL FO Gl FO C AL SB
5 FO C AL SB AL Gl C VA

6 Gl VA SB AL SB FO VA C

7 SB FO Gl C VA AL SB Gl

1 C SB VA FO Gl VA FO AL

2 AL Gl C VA C SB Gl FO

3 VA AL FO Gl FO C AL SB

4 FO C AL SB AL Gl C VA

5 Gl VA SB AL SB FO VA C

Fattening? 6 SB FO Gl C VA AL SB Gl
7 C SB VA FO Gl VA FO AL

8 AL Gl C VA C SB Gl FO

9 VA AL FO Gl FO C AL SB

10 FO C AL SB AL Gl C VA

11 Gl VA SB AL SB FO VA C

1 two of eight pens received the same treatment

Supplementary Table S4. Median exploration duration per pig and day in the seven weeks of

rearing and eleven weeks of fattening.

Exploration duration
(min/pig and day)
26.7
14.4
17.3
16.3
12.6
12.5
13.1
13.7
20.1
17.1
22.3
21.9
22.6
18.1
19.9
19.0
16.3
20.0

Period Week

Rearing

Fattening

PFBoo~v~ouorwNnrNoor,wN R
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Supplementary Figure S1. (a) Fattening pen of the pigs with material dispenser, (b) rearing pen
of the pigs with material dispenser and (c) drawing of the material dispenser with the ultra-high-

frequency radio-frequency identification (UHF RFID) antenna (grey).

197



Anhang

Replicate PenlD (AnimallD})

Supplementary Figure S2. Hierarchical structure of the statistical model for data analysis of pigs’
exploration during rearing showing both replicates (R1 and R2), continuously numbered PenID and
AnimallD (considering that pigs within pen were not independent from each other) and the flavours
(almond (AL), fried onion (FO), ginger (GO), strawberry (SB), vanilla (VA) and control (C)) offered
during the seven weeks of rearing.
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Tail injury categories (%)

FO SB Gl C AL VA

Flavours applied on straw pellets

Supplementary Figure S3. Percentage of pigs with tail injuries during the rearing period with
regard to the different flavours offered as enrichment, ((category 0; black) no injuries, (category 1;
diagonal stripes) superficial perforation of the skin, punctually or in the form of a line, (category 2;
dotted) deeper perforation of the skin, the size of the injury does not exceed the diameter of the tail
at the respective location (category 3; white) deeper perforation of the skin, the size of the injury
exceeds the diameter of the tail at the respective location) when straw pellets flavoured with fried

onion (FO), strawberry (SB), ginger (Gl), almond (AL), vanilla (VA) and straw pellets without flavour
(C) were offered.

199



Anhang

100 ~
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40 -

Tail injury categories (%)

20

1 2 3 4 5 6 7
Week

Supplementary Figure S4. Percentage of pigs with tail injuries during rearing with respect to the
development over time (weeks), ((category O; black) no injuries, (category 1; diagonal stripes)
superficial perforation of the skin, punctually or in the form of a line, (category 2; dotted) deeper
perforation of the skin, the size of the injury does not exceed the diameter of the tail at the respective
location (category 3; white) deeper perforation of the skin, the size of the injury exceeds the

diameter of the tail at the respective location) during the seven intervals of the rearing period.

100 1~

90 A

80 A

70

60 -

50 4

40 A

30 A

Tail injury categories (%)

20 A

10 A

FO SB Gl C AL VA

Flavours applied on straw pellets

Supplementary Figure S5. Percentage of pigs with tail injuries during the fattening period with
regard to the different flavours offered as enrichment ((category 0; black) no injuries, (category 1;
diagonal stripes) injuries at the skin of the tail) when straw pellets flavoured with fried onion (FO),

strawberry (SB), ginger (Gl), almond (AL), vanilla (VA) and straw pellets without flavour (C) were
offered.
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