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|. EINLEITUNG

Die Optimierungvon Arbeitsprozessemithilfe von modernerTechnik gewinnt
auch in der Pferdehaltungimmer mehr an Bedeutung. Dabei bietet eine
automatisiertg=Utterungstechnikicht nur Vorteile unter arbeitswirtschaftlichen
Aspekten sondernauchbeziglichdesTierwohls,denndie Pferdekbnnensowohl
bedarfs als auch verhaltensgerechtgefuttert werden. So ermdglichen
transpondergesteuertd&kaufutterabrufautomateneine individuell angepasste,
artgemaleFressdauerohne langere Fresspausersowie ein selbstbestimmtes
Verhalten und Wahlmaglichkeiten(Zeitler-Feicht 2015, Kjellberg und Morgan
2021).

Automatisierte Fltterungssysteméergen jedoch auch unbekannteRisiken in
Bezug auf Einschrankungerdes artspezifischenVerhaltens. So tritt bei der
Gruppenhaltungn Offenlaufstallenmit derartigenFutterungseinrichtungerin
weitverbreitetes Phanomen auf: Urinabsatz in transpondergesteuerten
Raufutterabrufautomate®abeiurinierendie Pferdeauf denhartenUntergrundn
denAutomatenDiesesVerhaltenist flir Pferdeuntypisch(Zeitler-Feicht2015),da
sie natirlicherweiseeinenweichen,saugfahigenJntergrundfir den Urinabsatz
bevorzugenDerUrinabsatam RaufutterAbrufautomafihrt zumeinendazu,dass
die Pferde wahrend der gesamten Raufutteraufnahme einer hohen
gesundheitsschadlicheAmmoniakkonzentratiomusgesetzsind. Zum anderen
steigt das Risiko fur Strahlfaule(Brehm et al. 2017) und Atemwegsreizungen
(Gerberund Straub2016). Durch den Urinabsatzin den Automatenbilden sich
darubehinauszumTeil grof3flachigeJrinstellenim AufenthaltsbereicderPferde
in und auch vor den Automaten (siehe Abb. 1). PraktischeErfahrungenvon
betroffenenBetriebsleiter*innen(aus Griindender bessererLesbarkeitwird im
Folgendenlediglich das generischeMaskulin verwendet)zeigen,dasssich der
Ammoniakgeruchauf Dauer festsetztund Gber normale Reinigungsmaflinahmen

nicht mehrzu beseitigenst.

Ungeklértist bis dato,wodurchdasVerhaltenA Ur i nauféartendnt er gr undf
ausgelostwird und wieweit dies in den einzelnenBetriebenverbreitetist. Ziel
vorliegendetUntersuchungst es,herauszufindenyelcheUrsacherhierfirinfrage

kommen.



I. Einleitung

Dabeiwurdenim Vorfeld folgendeHypotheseraufgestelit:

1 Urinabsatz aufgrund einer Ubersprunghandlungin der Phase der

Futtererwartung

1 Abwesenheitvon Ausscheideplatzenn unmittelbarer Umgebung der

Abrufautomaten

1 Ammoniakgeructals Schlusselreiziir denUrinabsatz

Abb. 1: Transpondergesteuerfbrufautomatenwelchevom Urinabsatz

betroffensind (eigeneAufnahme).



1. ErweiterteLiteraturiibersicht 3

|l. ERWEITERTE LITERATURUBERSICHT

1. Abrufautomaten in Offenlaufstallen bei Pferden

In der Pferdehaltunggibt es immer mehr Betriebe mit einer automatisierten
FutterungstechnikSolche modernenOffenlaufstalleférdern die Bewegungder
Pferde jindemdie Gruppenhaltungn verschieden&unktionsbereichanterteiltist,
in denendie Pferdeliegen,Rau/ Kraftfutter oder Wasseraufnehmerkénnen.Es
gibtauRerdereingrofRedlatzangebainddie Pferdemussersichzudeneinzelnen
Bereichenihrer Art entsprechencdbewegen(Fader 2002, Baumgartner2012,
Guldenund Buscher2017). Fur die Raufuttergabevird bei einemerwachsenen
Pferd eine Mengevon 1,5 kg Heu pro 100 kg Kdorpergewichtempfohlen.Dies
entsprichtbei einem500 kg Pferdrund 7,5 kg Heu pro Tag. FreilebendePferde
nehmenihre Nahrungin kleinen Portionen Uber den Tag verteilt auf (6-13
Mabhlzeiten; Krull 1984, Ralston 1984, Sweeting et al. 1985, Thein 1992,
Pirkelmannet al. 1993, Bergeret al. 1999, Davidsonund Harris 2002, Zeitler-
Feicht 2015, Mills und Redgate2017). Um die Arbeitserleichterungfir die
MitarbeitereinsBetriebesundeinebedarfsgerechtérnahrungtr die Pferdein der
Pferdehaltunguermdglichenyurdenfir die Raufuttergab&erschieden8ysteme
entwickelt. So gibt esnebendenherkdmmlicherFressstander(sieheAbb. 2), in
denendasPferdjederzeitZugriff auf dasRaufutterhat, auchcomputergesteuerte

Systeme.

Diese Fitterungstechniksoll den Pferden eine ernahrungsphysiologische
FutteraufnahmermoglichenBriefer etal. 2014,Baumgartneetal. 2022).Dabei
wird zwischernzwei SystemenunterschiederBei zeitgesteuerteReuraufensiehe
Abb. 3) werdenzu eingestellterZeitenallenPferdenn der Gruppegleichzeitigder
Zugang zum Raufutter gewahrt. Bei den transpondergesteuerten
RaufutterautomatehingegererhaltjedesPferdeineindividuelle RationHeu Giber
denTagverteilt(sieheAbb. 1). AllerdingsbergensolcheneuenFuttersystemauch
gewisseRisiken.Untersuchungeru vermehrtenrAuseinandersetzungemwischen
den Pferden wahrendder Raufuttergabewurden dabei in der Vergangenheit
bereitsdurchgefihriZeitler-Feichtet al. 2010,Burla et al. 2016,Baumgartneet
al. 2022).
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Abb. 2: KonventionelleFressstandein der Pferdehaltungmit ad libitum Heu
(© M. Zeitler-Feicht).

1.1. ZeitgesteuerteRaufutterabrufautomaten

Bei zeitgesteuertemeuraufenwird den Pferdenan bestimmtenTageszeiterflr
einen begrenzten Zeitraum Raufutter angeboten. Um  vermehrte
Auseinandersetzungevihrendder Futterungszeitemau vermeidenjst eswichtig,
das genaueTier-Fressplata/erhaltnis zu kennen.Baumgartneret al. (2022)
untersuchtenin deren Studie, welches Verhaltnis zu weniger aggressiven
Verhaltensweisefiihrt. Dabeierwiessich ein Verhéltnisvon A e Pfardauf drei
Fr es s g1:3) dlspesitiv. Die zeitliche Begrenzungder Raufutteraufnahme
verhindertLuxuskonsumund Ubergewicht Das Ziel diesesFitterungssysterist
eseinerseitdedarfsgerechtu futtern. Andererseitssollen Fresspausemwischen
den Mahlzeiten moglichst kurzgehaltenwerden, so dass Pferde ihrer Art
entsprechendiber den gesamten24-StunderTag verteilt Raufutter aufnehmen
konnen(Brieferetal. 2014).Esist jedochkeineindividuelle,aufdaseinzelnePferd

abgestimmté-ttterungmdglich, lediglich einezeitsynchron&ruppenfitterung.
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Abb. 3: ZeitgesteuertdRaufutterautomatenn denendie Pferdezu bestimmten
Tageszeite@ugangzum Raufutterhaben(© M. Baumgartner).

1.2. TranspondergesteuerteRaufutterabrufautomaten

Im Gegensatzu denzeitgesteuerteHeurauferkanneineandasPferdangepasste,
individuelle Raufuttergabe durch transpondergesteuert&kaufutterautomaten
ermoglichtwerden(Guldenund Bischer2017).Bei diesenAbrufautomaterkann
es sich sowohlum Kraft- als auch um Raufutterautomatender auchum eine
Kombinationausbeidemhandeln(Zeitler-Feicht 2015). Dabeifunktionierenalle
Stationennach einem ahnlichenPrinzip und sind heutzutagein der Regel als
sogenanntdurchlaufstationerkonzipiert. Dies bedeutet,dassdie Pferdeeinen
separateiktin- und AusganghabenundsomitdenAbrufautomatemicht riickwarts
verlassenmissen.Dabei sind die Automatenmeistin einer L-Form aufgebaut
(Zeitler-Feichtetal. 2010,Kjellberg undMorgan2021;Abb. 4).

Den Abrufautomaterkdénnendie Pferdeunabhangigron einer Fressberechtigung
jederzeitbetreterund auchverlassenDurchdenEingangam EndedesAutomaten
gelangendie Pferdezu dem Sensoryvor welchemdie Pferdeihren Transponder
platzierenmissenDieserist an der rechtenHalsseiteangebrach{in der Mahne
eingeflochten,implantiert oder als Halsband getragen).Hat das Pferd eine
Fressberechtigungso schlie3t am Eingang eine Eingangssperredamit ein
nachfolgendendeBferd den Abrufautomatemicht betretenkann und somit dem
im AutomaterbefindlichenPferdeineungestorté-utteraufnahmermaoglichtwird.
Zeitgleichoffnetsichbei denRaufutterautomateein HeuschiebemymdenZugang
zum Heu zu gewahren(Kjellberg und Morgan 2021). Da sich der Heuschieber
langsannachuntenbewegtund so denZugangzum Raufuttergestattetdauertes
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einige Zeit (ca. 30s),bis dasPferdeinenvollstandigenZugangerhalt. Uber einen
zentralenComputerkann fur jedes Pferd eine individuelle Raufutteranzahhn
Fressminuterir dengesamterm ag eingestellwerden Hierausberechnesichdie
Dauerder Fresszeiterund die Dauerder Pauserzwischenden FresszeitenEin
Infrarotsensor, welcher oberhalb des Abrufautomateninstalliert ist und in
Widerristhbheauf das Pferd gerichtetist, erfasst,ob sich das Pferd noch im
Abrufautomaterbefindet. Kann der Sensorzwei Minuten lang keine Bewegung
erfassengdadasPferddenAutomatenvorzeitigverlasserhatoderdie eingestellten
Fressminutermufgebrauchsind, soschlief3tsichder Heuschiebelangsamwieder.
BeidenKraftfutterautomaterrhalterdie PferdedasKraftfutterin einemFuttertrog
unmittelbarnachdem Abrufen, vorausgesetzsie habeneine Berechtigungdafur
(KjellbergundMorgan2021).

H |
\
AN
Ho
— /
A
E
. |
| N
- a

Abb. 4: Aufbau eines transpondergesteuertebrufautomaten mit zwei
Fressplatzemm EinbahnstraR3enprinzigd = Heuraum,S = SensorE = Eingang,

A = Ausgang] = InfrarotsensofeigeneZeichnung).
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Empirische Beobachtungen in  Praxisbetrieben ergaben, dass in
transpondergesteuertétaufutterabrufautomateain Phanomenrauftritt, welches
ein fur Pferdeungewdhnlichespicht der Art entsprechendégerhaltenbeinhaltet.
Dabei handelt es sich um einen AUr i n aib sransppndergesteuerten
Rauf ut t er a b: DiaPfadeurimeneahieeanf &inenhartenUntergrund,
was fur sie untypisch ist, da Pferde fur den Urinabsatz einen saugfahigen
Untergrundbevorzuger{Zeitler-Feicht2015).

2. Urinabsatz von Pferden

Urin wird in der rechtenund linken Niere gebildetund dient dem Korper zur
Ausscheidungon Flussigkeitersowie AbbauprodukterausdemKaorper. Dartiber
hinausenthaltder Urin von PferdenauchPheromongEngelhardetal. 2015).Der
Urin gelangtvon der rechtenund linken Niere tber die beiden Uretherenzur
HarnblasgVesicaurinaria). Hier wird derUrin gespeichertind iberdenUrethra
gesammelan die AuRenweltabgegeberDer Musculusurethralis zusammenmnit
elastischeitlementerderBlasenschleimhawinddemM. detrusorvesiacaesorgen

fur die KontinenzdesTieres(Konig undLiebich 2015).

Die HaufigkeitundMengedesabgesetztelbrins sindunteranderemabhéngigron
deraufgenommenefrlussigkeit.Im SchnittsetzenPferdealle 4 StundenUrin ab
(Zeitler-Feicht 2015). Der frisch abgesetztdJrin ist dabei zun&chstgeruchlos,
ausgenommenvon den enthaltenen Pheromonen. Durch das ubiquitar
vorkommendeéEnzymUreasewird der Harnstoffin Ammoniakgespalterund die
Aur i nt yAmmeniakgaseefitstehen(Leinker 2007). AuRerdemwird der
Geruchiberverschiedensten Urin vorkommenderBakteriengebildet(Troccaz
etal. 2013).

2.1 Urinabsatzverhalten desPferdes

Pferdebevorzugeriir denUrinabsatzinenweichen,saugfahigetuntergrundda
vermutetwird, dasssieesvermeidengigenekorperteilezubespritzenAnatomisch
bedingtbespritzenWallacheund Hengstebei einemUrinabsatzihren Bauchund
die Beine. Daherhalten Sie den Urin Gber mehrereStundenzurtick, wenn kein
passendeBodenbelagerflugbarist (Sweetingetal. 1985,Zeeb1992,Fader2002,
Zeitler-Feicht2015).
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Fir denUrinabsatmehmensowohlménnlicheals auchweibliche Pferdeeinefir
sietypischeHaltungein. Bei beidenGeschlechtermwerdendie Vorderbeinestwas
weitervorneplatziert. MannlichePferdenehmerbei gestreckterdinterbeinereine
ASt r e c kdinanoheiweibjcie Pferdedie Hinterbeinespreizerundbeugen,
sienehmensomiteineA Sp r e i z dinalh denRegglWird fir denUrinabsatz
die gerade ausgefuhrte Verhaltensweise (beispielsweise Futteraufnahme)
unterbrochenin einzelnerFallenist diesnichtder Fall (Zeitler-Feicht2015).

Nach dem Urinabsatzkann bei weiblichen PferdenanschlieRenaein vermehrtes
A B i tbeoleaohietverden.Als A B | i twer@enKontraktionender Klitoris
bezeichne{Engelhardetal. 2015).

2.2. Pheromone

Als Pheromonewerden chemische Komponenten beschrieben,welche zur

innerartlichenrKommunikationdienen.Sie werdenvon Driisensezernierund mit

Urin, aberauch Speicheloder Tranenflussigkeitfreigesetzt.Um die Pheromone
wahrnehmenzu kénnen, verfigen die Pferde Uber das VomeronasabDrgan,
welches blind in der Nase endet. Durch das Flehmen wird es uber einen
Saugpumpmechanismusrmdglicht, dass die dinnwandigenGefal3e in dem

vomeronasalenOrgan vermehrt durchblutet werden und so die Pheromone
wahrgenommenwerden konnen. Die Informationen werden anschlieRendm

Hippocampusund Hypothalamusim Gehirn verarbeitet und wirken somit

unmittelbar auf das SexualverhaltenGrauvogl 1989, Engelhardtet al. 2015,

Zeitler-Feicht2015).

2.3. VegetativesNervensystemund seineBedeutungfur den Urinabsatz
Das vegetative Nervensystem besteht aus dem Sympathikus und dem
Parasympathikussowie dem enterischenNervensystem.Dabei wirken der
Sympathikusund der Parasympathikugn gewisserWeise entgegengesetzDer
Sympathikuswird bei Belastungdes Kdrpers aktiviert und fuhrt u.a. zu einer
Steigerung der Herzfrequenz. Im Urogenitaltrakt wirkt der Sympathikus
kontrahierendauf denM. sphinctervesicaenternasowieerschlaffencauf denM.
detrusorvesicae Somitist esbei einer Aktivitdt desSympathikusicht méglich,
die Harnblasezu enteeren wohingegerder Parasympathikusu einerKontraktion
desM. detrusorvesicaefihrt und somitdenHarndrangauslost(Engelhardtet al.

2015).Dies bedeutetdasseslediglichin einerentspanntei®ituationmaoglichist,
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die Harnblasezu entleerennicht aberin einerStresssituation.

3. Sexualzyklusund sexualbedingtes/erhalten

Vermehrter Urinabsatzbei Pferdenkann im Zusammenhangnit dem sexuell
bedingtenVerhaltenvon weiblichenund méannlichenTieren stehen.So kann es
dabeiauchzu einemvermehrterHarnabsataufeinemhartenUntergrundkommen
(Engelhardetal. 2015, Zeitler-Feicht2015).

3.1. Sexuellesverhalten bei weiblichen Pferden

Pferde sind saisonalpolyéstrisch,genauwie Schafeund Ziegen (Schnorrund
Kressin 2006, Aurich 2009, Engelhardtet al. 2015, Loeffler und Gabel 2015,
Brehmet al. 2017).Die Phasem Ostruswird bei denPferdenA R o sgererint.
Dabei gehérenPferdezu den A | oedaygb r e e ddées bedeytet,dasssie bei
zunehmendeTageslichtlangeverstarktA Ro s s e s y Zaigen.m oien Aerbst
und Wintermonaten zeigen die Stuten keine Rossesymptomewobei die
zyklusaussetzend&eit wenige Wochen bis mehrere Monate betragenkann
(Engelhardtet al. 2015).Die mittlere Zykluslangebetragtbeim Pferdin etwa21-
22 Tage wobeidie DauerderRossezwischereweiundzwolf Tagenvariierenkann
(Aurich 2009). In der Rosse kann es beim Pferd zu den rosseypischen
Verhaltensweisenkommen. Dazu z&hlt, dass eine Stute im Fall von
Empféangnisbereitschalfiei einemKontaktmit einemHengstdie Hinterbeinebreit
stellt, den Schweif zur Seite anhebtund die Klitoris kontrahiert( ABl i t zenfi) .
Weiterhinsetztdie StutekleinereHarnmengervermischtmit Schleimab (Aurich
2009).

3.2. Sexuellesverhalten bei méannlichen Pferden

Der Absatz kleinerer Harnmengerkann auch bei Hengstenbeobachtetverden.
Dies steht allerdingsim Zusammenhangnit einem Markierverhalten.Hierbei
setzendie HengstekleinereMengenHarn als chemischesignalauf denKot und
Harn von anderenHengstenoder Stuten ab (Kleiman 1966 Goldschmidt
Rothschildund Tschanz1978 Lamootetal. 2004) DiesesVerhaltenwird vonden
Saugetieremgezeigt,wennsie andereMitglieder der gleichenArt nicht tolerieren
und diesedominierenwollen (Ralls 1971).King und Gurnell (2007)untersuchten
das Markierverhaltenan PrzewalskiPferdenund konntenbeobachtendassdie

Hengsteesinunterschiedliche¥erhalternzeigtenVor allembeidemMarkierenvon
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Exkrementernvon Stutenwurdendieselediglich vor einemMarkierenberochen,
nichtjedochdanachAuchkonntensiebeobachteydassdieses/erhaltenvorrangig
in der Zuchtsaison auftrat was mit dem Sexualzyklus von Stuten im

Zusammenhangteherkann.

4. GesundheitlicheRisiken durch Urin im Abrufautomaten

In den Abrufautomaten befindet sich ein planbefestigter Boden. In
Abrufautomatenjn denenein Urinabsatzstattfindet,sammeltsich folglich darin
der Urin, da es keinen vorhergesehenerfbfluss fur die Flussigkeit gibt.
Demzufolgesind die Pferdewéahrenddes Automatenbesuchesiner dauerhaften
Belastungdurch die entstehenderschadgasen der Luft ausgesetztDie Hufe
werden auBerdemdurch die Flussigkeitam Boden aufgeweichtund vermehrt
belastetAus verschiedenebintersuchungesowohlin derHuman alsauchin der
Veterindrmedizinst bekannt,dassAmmoniak einenEinfluss auf die Gesundheit
hat. Gerade im Hinblick auf den Klimawandel gilt es seit Jahren die
Schadstoffemissiowor allemin derTierhaltungzureduzierenkin sehrgrof3erTeil
des LuftschadstoffesAmmoniak wird in Deutschlandin der Landwirtschaft
produziert(Vareletal. 2007,Mon etal. 2021). Ammoniakist ein Reizgaswelches
gesundheitlichéuswirkungenauf denRespirationstraktind dasHerzKreislauf
Systemhabenkann. In Abrufautomatenwelchevon einemUrinabsatzbetroffen
sind, werden die Pferde dauerhaft einer erhéhten Ammoniakkonzentration
ausgesetztin der Nutztierhaltunghat man dartberhinausauchherausgefunden,
dassSchadstoffgaseie AmmoniakaucheinenEinflussauf die Wirtschaftlichkeit
in derNutztierhaltunchabenDie Trennungvon Kot undUrin kanneineReduktion
derSchadstoffgaskewirken.AulRerdemist Urin einwichtigesDiingemittelfiir die
Agrarwirtschaft(Randallet al. 2016). Aus diesemGrund brachtenDirksenet al.

(2020)erfolgreichKihenbei, eineLatrine zu benutzen.

4.1. Auswirkungen auf dasrespiratorische System

Eine erhbhteAmmoniakbelastunguf denKoérperkannzu einerBeeintrachtigung
der oberen und unteren Atemwege fihren. Zudem kann durch das Reizgas
AmmoniakdasRiechvermogemeeinflussiverden(Joneset al. 2001).AulRerdem
kénnenim Gesichtsbereichauch die Augen gereizt werden. Eine dauerhafte
Schadgasbelasturkgnnzu Epithelschadeffiihrenund die mukoziliareClearance

in der Lunge beeintrachtigenDadurch bedingt sind Tiere, die solchenGasen
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ausgesetzt sind, anfalliger fur eingeatmete Partikel und es kann zu
Funktionsstérungemwie Bronchospasmufiihren (Loftus et al. 2015, Mon et al.
2021). Aufgrund der gesundheitlichen Risiken in Bezug auf die
Schadstoffbelastunder Tiere wurdenRichtlinien erstellt, welchein einem Stall
nicht berschritterwerdensollen.Dieserliegt bei Pferdenbei 10ppm(Detlef et al.
2006,BMEL 2009).Durch denUrinabsatzin den Abrufautomaterkénntees zu
einer dauerhaft erhdhten Ammoniakkonzentrationin den Abrufautomaten
kommen,denendie Pferdeimmerwiederim Tagesverlauusgesetawverden.

4.2. Auswirkungen auf die Hufgesundheit

Der Strahl ist Bestandteilder Huf-Sohle beim Pferd. Wird dieser dauerhaft
unhygienischemodenverhaltnissausgesetzkanneszu Strahlfaulekommen bei

welcher der harte Strahl durch Faulnisbakterien aufweicht. Eine hohe
AmmoniakkonzentratiomegunstigtdasEntstehenvon Strahlfaule.Des Weiteren
sind auchnoch pradisponierend&aktorenwie eine schlechteHornqualitatoder
eineschlechteHufkonformationbeginstigendEaktorerfir dieseKrankheitsbild.
AulBRerdemfuhrt die dauerhafteExposition mit Urin zu einer Auflésung der
Hornpartien. In einer weiteren Folge kann sich eine Strahlfaule zu einem
sogenannterHufkrebs entwickeln (Brehm et al. 2017). Auch bei Rindern ist

bekannt,dasseine dauerhafteExpositionmit nassenuntypischemuUntergrundzu

vermehrteBallenfaulefihrenkann(EggerDanneretal. 2021).

5. Lernverhalten

In den transpondergesteuertebrufautomaten mussen Pferde bei einer
Gewdhnungan diesenFutterungsvorgangrstlernen,wie sieihr Anrechtauf das
Futtererhalten(Kjellberg und Morgan2021). Tiere oderauchder Menschsindin
derLage UberverschiedeneernformenneueEinflisseoderReizezuerlernenund
diesemit neutralen,positiven oder negativenEmotionenzu verknipfen.Beim
Lernverhaltenwerden folgende Lernformen unterschieden:Nicht-assoziatives
Lernen (Gewdhnungund Sensibilisierung) assoziatived_ernen (klassischeund
operanteKonditionierung)und héhergeordnetekognitive Fahigkeitensowie die
PragungZeitler-Feicht2015).

Bei der Gewohnung(Habituation) handeltes sich um die einfachsteForm des
Lernens.Sie &ulertsich darin, dassbei wiederholtemAngebotdesselberReizes,

der weder mit positiven noch mit negativen Folgen verbunden ist, die
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Reaktionsstarkeles Tieresabnimmt. Dies ist ein sinnvoller Lernvorgang,da er
verhindert,dassin der Umwelt vorkommendérarmloseReizeein Lebenlang mit
einer Schreckreaktion beantwortet werden missen. Vielmehr findet bei
wiederholtemAuftretendesReizeseineallméahlicheAbschwéchungler Reaktion,
alsoeineGewohnungstatt(Briefer 2009,Kappeler2012,Zeitler-Feicht2015).

Die klassischesowie die operanteKonditionierung gehérenzum assoziativen
Lernen.Bei dieserLernformfindet eine Verbindung(Assoziation)zwischeneiner
Verhaltensweisaind einem neuenReiz statt (Zeitler-Feicht 2015). Denkbarist,
dasseszueinemassoziativeh.ernprozesgwischenFuttererhalundUrinabsatan

denAbrufautomaterkommt.

5.1. KlassischeKonditionierung

Bei der klassischenKonditionierung werden zwei vorher neutrale Reize in
zeitlicherNahekombiniertundfiihrenzu einerunterbewussteReaktion(Kappeler

2012). Ivan Pavlov entdecktediesenLernmechanismusnit demPav |l ov ds c hen
HundeversuchDurch klassischeKonditionierunglerntendie Hunde,dassauf ein
akustischeSignalhin derFuttererhalfolgt. NacheinigenWiederholungemrsetzte

das akustischeSignal den Futtergeruchoder den Futteranblickund fihrte zum
Einspeichelrbeim Hund. Die klassische&konditionierungkannsowohlmit einem
belohnendemReizalsauchmit einemStrafreizhergestelliverden(Kappeler2012,
Zeitler-Feicht2015).

5.2. Operante Konditionierung

Im Unterschied zur klassischen Konditionierung wird bei der operanten
Konditionierung durch die Beeinflussungder Konsequenzenein Verhalten
verstarkinderabgeschwéchbDabeikannderReizebenfallssowohlpositivalsauch
negativ gelernt werden. Somit findet bei der operantenKonditionierung eine
VerkntpfungzwischeneinemSignalausder Umwelt, demeigenerivVerhaltenund

derdarauffolgendeKonsequenstatt(Kappeler2012).



Ill. PublizierteStudienergebnisse 13

1. PUBLIZIERTE STUDIENERGEBNISSE

1. Veroffentlichung

ChiaraN. Ellerbrock, Margit H. Zeitler-Feich®, MarianneCockburr, Michael H.
Erhard, Miriam Baumgartney

1 Lehrstuhl fir Tierschutz, Verhaltenskunde,Tierhygiene und Tierhaltung,
VeterinarwissenschaftlichedDepartment der Tierarztlichen Fakultat, LMU

Minchen

2 Lehrstuhlfir OkologischerLandbauund Pflanzenbausystem&UM Schoolof

Life ScienceWeihenstephanechnischaJniversitatMinchen

3 Agroscope,SchweizerNationalgestiit Forschungsgrupp&quiden, Avenches,
Schweiz

Urinating in transponder-controlled feeding stations - Analysis of

an undesirablebehaviour in horses

Applied Animal BehaviourScience
DOI: 10.1016/j.applanim.2023.106015
Angenommeram: 24.07.2023

Publiziertam: 09.08.2023



Il. PublizierteStudienergebnisse 14

Applied Animal Behaviour Science 266 (2023) 106015

Contents lists available at ScienceDirect

Applied Animal Behaviour Science

journal homepage: v

Urinating in transponder-controlled feeding stations — Analysis of an
undesirable behaviour in horses

Chiara N. Ellerbrock °, Margit H. Zeitler-Feicht ’,
Miriam Baumgartner “

Marianne Cockburn®, Michael H. Erhard

 Chair of Animal Welfare, Ethology, Animal Hygiene and Animal Husbandry, Department of Veterinary Sciences, LMU Munich, Veterinarstr. 13R, 80539 Munich,
Germany

® Chair of Organic Agriculture and Agronomy, TUM School of Life Sciences, Technical University of Munich, Liesel-Beckmann Str. 2, 85354 Freising, Germany

¢ Agroscope, Swiss National Stud Farm, SNSTF, Les Longs-Prés 2, 1580 Avenches, Switzerland

ARTICLE INFO ABSTRACT

Keywords:
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Horse husbandry

Group housing

Urination in transponder-controlled roughage feeding stations is a widespread undesirable behaviour of group-
housed horses. Urination on hard surfaces, such as the floor of the stations, is contrary to the natural elimination
behaviour of horses because they prefer to urinate on soft, absorbent surfaces, and it increases ammonia emis-
sions around the stations. The following aspects were analysed: a) urination as potential displacement activity
during feed anticipation, b) absence of appropriate elimination areas in the stable and ¢) ammonia odour as a
trigger stimulus. We observed a group of 33 horses in three different situations: 1) baseline situation, 2) provision
of elimination areas containing an absorbent substrate in front of the feeding stations and 3) neutralisation of
ammonia odour in the feeding stations. In the baseline situation all horses were observed, regardless whether
they urinated in the feeding station or not. In the other two situations, only the urinating-horses were observed.
We analysed 5 h of video per day, recorded on 4 days from seven feeding stations in each situation. We used an
information theory approach, calculating three different (generalized) linear mixed effects models and all ac-
cording sub-models. In the baseline situation, the horses showed that the horses urinated often after ‘ground
exploration’, and there was more ground exploration in the urinating-horses than in the non-urinating-horses. In
addition, a higher percentage of the mares than of the geldings urinated during at least one station visit, and
mares urinated more often per visit than geldings. Before urination, the horses in most cases lowered the head
toward the hay container to trigger the sensor and cause the station to open the partition and make the hay
accessible. The time span between lowering the head and access to feed could be perceived as too long by the
horses (maximum duration: 30 s) and lead to urination as a displacement activity. In addition, urination never
occurred when the hay was accessible, only when the hay was inaccessible, closed, opening or closing. This leads
us to conclude that urination is related to feed anticipation. The frequency of urination bouts was not reduced by
installing additional elimination areas or neutralising the urine odour, so additional elimination areas and urine
odour do not seem to have a role in the undesirable behaviour. Further research is needed to investigate a
displacement activity or a classical conditioning in more detail to prevent urination by horses in automated
feeding stations.

1. Introduction

In group housing systems for horses, technology is increasingly used
to optimise labour efficiency. Automated feeding methods provide
benefits not only in terms of labour but also regarding animal welfare. In
transponder-controlled feeding stations it is possible to feed individu-
alised rations of hay multiple times per day without extended intervals

* Corresponding author.
E-mail address: miriam.baumgartner@agroscope.admin.c

dol.org/10.1016/j.applanim.220

1 (M. Baumgartner).

between meals if enough feedlng places are avallable, thus fac111tat1ng
autonomous behaviour (Zeitler-Feicht, 2015; Kjellbery i1
21). However, there may be risks associated, e. g agomstlc behavtour
Studles have so far focused on reducing the frequency of conflicts in the
area around automated roughage feeding stations (Zeitler-Feicht et al
01.( ret al 2). Hence, automated feeding systems a]so
bear unknown r1s1<s in terms of constraints in species-specific behaviour.
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Another potential risk is that the horse has to wait for a partitioning
board to open to get access to the roughage in the station. During this
phase of feed anticipation, the emotional state of the horse can quickly
turn from excitement to frustration (Hintze et al., 2017; Dietze et al.,
2019).

For instance, group-housed horses in open barns with such feeding
systems show an unnatural, although widespread, behaviour: they uri-
nate on a solid surface in the automated roughage feeding station next to
the hay container. However, horses prefer a soft, absorbent surface for
urination (Fﬂm na! I\ oh Zeitler-Feicht,

ler-Feic 201 r) Espec1ally stalhons and geldings avoid
spraying their belly a.nd legs with urine (“eeb, 1992) and can withhold
their urine for several hours if no adequate substrate is present
(Sweeting et al.,, 1985). Thus, open barns with group-housed horses
usually provide elimination areas covered with absorbent substrate
(Fader, 2002). Nevertheless, the horses may urinate elsewhere and
possibly in undesirable places. According to surveys in German language
regions of Europe, this undesirable behaviour occurs with a prevalence
of approximately 42% in group housing systems (Ellerbrock et al., in
prep.). Urination in the feeding station leads to exposure to high and
thus potentially harmful ammonia concentrations during the entire
roughage intake. As a consequence, the risk of thrush (Brehm et al.,
2017) and respiratory tract irritation (Gerber and Straub, 2016) is
increased. Moreover, large urine puddles can form inside and in front of
the stations (Fig. 1). Managers from affected farms have reported that
the residues from the urine and thus also the ammonia odour become
persistent with time and cannot be removed with usual cleaning mea-
sures. In transponder-controlled concentrate feeding stations, which
operate similarly to the transponder-controlled roughage feeding sta-
tions, undesirable urinating has very rarely been observed.

In livestock farming, studies aiming to guide the urination behaviour
of farm animals have been conducted because of the associated
ecological and economic problems. For animal welfare and economic
reasons it is highly important to reduce ammonia in the barn, but such
work has not been done in horses (V
et al., 2007; Di al., 2020).

To date, it is unknown what causes urination on solid floor in auto-
mated roughage feeding stations. The aim of the present study was to
identify possible causes of this behaviour. We considered the following
factors: a) urination as displacement activity during feed anticipation, b)
absence of appropriate elimination areas in the stable facility next to the
feeding stations and c¢) ammonia odour as a trigger stimulus for
urination.

gh, 1976; Sam

)0 3: Z:€

1, 2002; Leinker, 2007; Varel

Fig. 1. Feeding station where horses urinate frequently.
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2. Animals, materials and methods
2.1. Animals and farm

The study took place on a horse farm near Munich (Germany),
housing 33 leisure horses (21 geldings and 12 mares) of different breeds
and ages (range: 7-30 years). They were kept in an open barn where the
undesirable behaviour of urinating in automated feeding stations had
occurred regularly for many years. The open barn included seven
automated roughage feeding stations (HIT single- and double-hay-
dosing units, HIT Active Stable®, Weddingstedt, Germany), of which
six were arranged in double stations and one was a single station.
Adjacent to the lying halls, which were bedded with rubber mats,
elimination areas had been established for years. In addition to the
automated roughage feeding stations, there were two transponder-
controlled concentrate feeding stations, in which no urination
occurred during the observations. Straw was provided ad libitum in
three panel feeding racks with 20 openings in total. The individual
period of roughage availability per day in the automated roughage
feeding stations was based on the body condition of the horses, judged
by farm managers together with horse owners. One horse was given
additional hay in a separate stall overnight because of his age, and one
horse was ill throughout the period of the baseline situation, so he stayed
in an individual stall.

2.2. Materials

Horses can enter transponder-controlled roughage feeding stations
independently of their feeding time, which is checked via a sensor
installed in the station in front of the hay container. When an incoming
horse lowers the head toward the hay container and thus the sensor, the
sensor detects the transponder that is implanted in the horse’s neck
woven into the mane or attached with a neck collar (Fig. 2a) (Ie g

. 2021), If the horse has feeding time left, the rear gate at the
station entrance closes, and the partitioning board to the hay container
opens. It takes approximately 30 s from transponder detection to full
feed access. The horse can then access the hay through the opening. An
infrared sensor, which is installed on top of the station and directed at
the horse's back (approximately at the withers), monitors the horse's
presence in the station. If this sensor does not detect a horse for 2 min,
the partitioning board to the hay container closes. The individual
feeding duration in minutes throughout the 24-hour day can be pro-
grammed for each horse on a central computer. The program should
ensure a species-appropriate roughage intake that is spread evenly
throughout the day with only short intervals between meals (Z¢i-
2015). The recommendation of about 10 meals per 24-hour
day was met on the studied farm.

tler-Feicht,

2.3. Methods

On randomly selected days between late September and late October
2021, we first assessed the baseline situation via video recordings. The
recorded behaviours and events are listed in detail in Tables 1 and 2.

Thereafter, two mitigation trials were conducted between mid-
January and early April 2022, In Trial 1 we examined the absence of
appropriate elimination areas in the barn as a possible cause of urination
in the feeding stalls. For this purpose, additional elimination areas,
about 20 em deep and filled with wood shavings, were installed in front
of the automated roughage feeding stations (Fig. 2b). Thus, before
entering the feeding station, the horses had to walk across a latrine with
soft, absorbent substrate that is attractive for urination because horses
avoid splashing their own body while urinating (Fader, 2002;

Feicht, 2015).

In Trial 2 we examined the possible cause ‘ammonia odour as trigger
stimulus’. For this purpose, the solid floor inside the automated
roughage feeding stations was neutralised by spreading granulate citric
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EA

Fig. 2. Ilustration of the transponder-controlled roughage feeding station for horses with two feeding places: a) baseline situation, b) Trial 1 (adding appropriate
elimination areas next to the feeding stations), ¢) Trial 2 (adding citric acid to neutralise ammonia odour, which could be a trigger stimulus for urination); H = hay, §
= sensor, I = infrared sensor, E = entrance, Ex = exit, EA = elimination area, CA = citric acid.

Table 1

Behaviours and events with deseription and unit or category of measurement
assessed in the studied situations. All behaviours and environmental conditions
were recorded during the baseline situation. During the two mitigation trials,
only the frequency of urination bouts and the number of visits in the feeding stall
were recorded for those horses that had shown urination in the baseline
situation.

Table 2
Ethogram with social behaviours for evaluating the emotional state (modified
after Goldschmidt-Rethschild and

).

Behaviour Description

Levels of
measurement

Behavioural Recorded event

category

Description

Elimination Urination bouts Occurrence of urination  Number per
bouts station visit
Position of the Closed, opening,
partitioning board at apen, closing
the beginning of
urination

Lowering the head
toward the sensor in
front of the hay
container maximally
30 s before urinating
Lowering the head
through the opening
and lowering the head
to the ground directly
Infront of the hay
container. These
behaviours indicated
eating. (Hay was
available on the ground
when a previous horse
had taken some
roughage out of the hay
container)

High arousal Aroused: > 3 aggressive
state behavmurs or pawing
the ground indicating
conflict- or frustraticn
(see )

Lowering the head
toward the ground in
the area between
entrance and infrared
sensor

Position of
partitioning board
to the hay
centainer

Feeding attempt
before urination

Yes, no

Number of
feeding bouts
per visit

Ingestion Feeding bout

Emetional Yes, no

Number of bouts
per visit

Ground
exploration

Exploration
behaviour

Aggressive behaviours
Facial threat expression The ears are pinned backward to the side of the
horse's neck to the rear.

Threatening facial expressions where the mouth is
opened, the head is turned to the side, the teeth can
be shown temporarily.

The horse moves its head and neck to the side with a
threatening expression but closed mouth.

The horse moves in the direction of the exit (where
potentially another horse stays) with a threatening
gesture, the head is stretched forward.

The horse lifts one of the hind legs without
extending it. At the same time, the horse shows a
facial threat expression

Threat to bite

Head swing threat

Attack

Threat to kick with hind leg

Indicating conflict- or
Sfrustration-related behaviour
Pawing the ground The horse hits the ground with a foot more than

once.

acid (citric acid monohydrate, Golden Peanut®, Garstedt, Germany;

¢). This treatment successfully aimed lowering the increased pH on
the floor in the feeding stations and thereby reducing the colonisation by
ubiquitous urease-producing bacteria (

’(018). In each trial, the horses had an adaptatlon period
of 3 weeks after which the assessments were made over a study period
of 14 days.

For each situation (baseline situation, Trial 1, Trial 2), the observa-
tion pericd was 5h per day (from 17:00 h to 22:00 h), and seven
roughage feeding stations were evaluated on 4 days, resulting in 140 h
of video material per situation. During the baseline situation, the aim
was to investigate possible reasons for the urination. To this purpose, the
urination behaviour was recorded in detail, as well as other behaviours
and events that might be related to urination (see | ). Our goal was
to evaluate the behavior immediately before the onset of the feeding
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stations opening mechanism. Therefore, the time-period for which be-
haviours were considered to be related to urination was set at 30 s
before urination took place. This time span was chosen because the
partitioning board to the hay container took about 30 s to fully open.
Further, a pretest revealed that the preparation of the horses to urinate
(tail raise, leg positioning) lasted up to 30 s, thus supporting this
approach. Behaviours that indicate a high level of arousal, while a sta-
tion visit, were additionally recorded (see ). In the following, the
horses that were observed urinating at least once in the baseline situa-
tion are described as the "urinating-horses’. The horses that were not
observed urinating at any time, in the baseline situation, are referred to
as the "non-urinating-horses’. During the two mitigation trials, only
behaviours of the urinating-horses were recorded (number of station
visits and frequency of urination bouts). If a horse did not enter any of
the seven roughage feeding stations during the 5-hour observation
period, the number of visits was recorded as zero, meaning that on the
respective observation day, neither feed ingestion nor urinating was
recorded for this horse. This was the case for three horses of the
urinating-horses, once per horse, and for one horse of the non-urinating-
horses.

2.4, Statistical analyses

Data were analysed in R version 4.3.0 ( ). We
calculated two linear mixed effects models and one generalized linear
mixed effect model from three individual data sets with the ‘lmer” and
‘elmer’ function from the ‘Ime4’ package ( ). Two of
these models were used to investigate potential influencing factors,
using the data recorded in the baseline situation, whereas the third
model tested the effect of the two mitigation measures (adding appro-
priate elimination areas in front of the feeding station and neutralising
the ammonia odour with citric acid) on the frequency of urination bouts
in the feeding stalls. One dataset included all horses including the
non-urinating-horses (dataset: all horses), whereas a second dataset only
included the urinating-horses in the baseline situation (dataset: urinat-
ing horses). A third dataset included the urinating-horses in the three
different situations (baseline situation and two mitigation measures,
dataset: urinating horses in the different situations). The computed
models are shown in ]

The parameters for restricted maximum likelihood was set to false.
After fitting the model, the residuals were tested for normal distribution
and homogeneity of variance. If this assumption was not fulfilled, the
data were logit transformed. This was the case for ‘frequency of

Table 3
Models created for the different data sets.
Model Dataset Used Target Fixed Random
evaluating Model Variable effects effects
situation
Baseline All horses glmer UB S +FA G/H
+ EG +TD
+G +FS
Baseline Urinating Imer FuU S+ FA H + TD
horses + EG +FS
Mitigation Urinating Imer FU MM H+TD
measures horses in +FS
different

situations

® UB = urination bout during feeding station visit (factor with two levels), FU
= frequency of urination bouts during feeding station visit (numeric)

b ¢ _ Sex (factor with two levels), FA = feed availability (continuous), EG
= exploration of the ground (continuous), G = classification of urinating- and
non-urinating-horses (factor with two levels), MM = mitigation measures (factor
with 3 levels), / = nested

¢ G = classification of urinating- or non-urinating-horses, H = horse (factor
with 33 levels), TD = trial day (factor with four levels), FS = feeding station
(factor with seven levels)

Applied Animal Behaviour Science 266 (2023) 106015

urination’.

As we followed an information theory approach, P-values are not
provided because this approach to model selection is an alternative to
the more common P-value-based hypothesis testing. Prediction models
were calculated by bootstrapping with the ‘boot” package (

1 ). The ‘dredge’ function (‘MuMIn’
package; ( ) was used to find the best model based on the
smallest Bayesian information criterion (BIC), smallest Akaike’s infor-
mation criterion (AIC) and largest model weight. The model weight can
be interpreted as the probability that a specified model is optimal given
the data in the set of models considered, where the model weights of all
modelsin a givensetaddup to 1 ( ). The set
was the maximum model described above and all simpler models
including the null model. Although all models were run with the AIC and
BIC, the BIC values were considered as the main result, because the BIC
penalises complex models and as such selects the most functional model,
whereas the AIC selects more complex models that best explain the data.
The evidence ratio (ER) indicates how often the selected model is more
likely to be true compared with the best model, and ERy indicates how
often the selected model is more likely to be true compared with the null
model. If the delta of the AIC and BIC between the first two models is
below two, the simpler model should be chosen ( ( -

). Furthermore, the data were plotted
with the ‘ggplot2’ package ( )

3. Results

In the baseline situation, the feeding stations were entered 379 times
(258 times by urinating-horses) during the 4-day observation period,
regardless of urination bouts. In 65.7% (n = 249 of 379) of the total
station visits, the horses received hay from the hay container (62.4% of
visits of urinating-horses, n = 161 of 258; non-urinating-horses: 72.7%,
n = 88 of 121). In 48.5% (n = 184 of 379), the horses ate hay from the
ground (51.6% of urinating-horses, n =133 of 258; non-urinating-
horses: 42,1, n=>51 of 121). On average, the horses triggered the
sensor and consequently received feed from the hay container 1.40 times
(1.42 times in urinating-horses) during a visit in the roughage feeding
station {see Tal ).

At least one urination bout was observed in the automated roughage
feeding stations in 19 horses (57.6%; N = 33). Among them were 11 of
12 mares and eight of 21 geldings. The non-urinating-horses were one
mare and 13 geldings. The total number of urination bouts in the feeding
stations was 193 ( ), occurring during 138 visits of horses that
urinated. Thus, horses urinated in 53.4% of the visits. In the urinating-
horses, the probability of urination during a visit was higher in mares
(X = 0.619) than in geldings (X = 0.314; A).

If a horse showed the behaviour ‘urinating in the automated
roughage feeding station’, it urinated on average 1.3 times during a
visit. Mares were found more often than geldings to urinate more than
once during a station visit ( B). In addition, the mares urinating
several times during a feeding station visit urinated several times per
visit over the entire 4-week period. A high percentage (71.5%; n = 138
of 193) of the urination bouts occurred when the partitioning board to
the hay container was in a closed position. In 26.4% (n = 51 of 193} of
the station visits, horses urinated while the partitioning board was in the
process of opening, and in 2.1% (n = 4 of 193) of the visits while the
partitioning board was in the process of closing, When the partitioning
board was open, urination behaviour did not ocecur. In 66.8% {(n = 129
of 193) of the urination bouts, horses lowered their heads toward the
sensor immediately before urination (see ).

Regardless of urination behaviour, the horses explored the ground
108 times during 67 visits in total. In the non-urinating-horses, only one
horse once performed this behaviour. In the urinating-horses, 62.6%
(n = 67 of 107) of the cases of ground exploration were followed by
urination behaviour. In comparison with the non-urinating-horses, we
found that there were more urination bouts after exploring the ground
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Table 4
Descriptive statistics of the recorded behaviours and events.
Variable Sample Average frequency per visit  Standard deviation per Maximum number per visit ~ Number of visits ~ Total
visit number
Hay from the hay container
All horses 1.40 2.349 25 249 350
Urinating horses 1.42 1.429 25 161 231
Hay from the ground
All horses 1.57 2,501 24 184 289
Urinating horses 1.55 2.430 24 133 209
Urinating
Urinating Mares 1.49 1.140 8 108 161
Urinating 1.07 0.254 2 30 32
Geldings
Ground exploration
All horses 1.61 1.154 6 68 108
Urinating horses 1.60 1.169 6 67 107
Before urinating Urinating horses 1.34 0.872 4 49 67

counts of urination in total

Gelding
Sex

~—
//-

)

~—

Fig. 3. Total numbers of urination independent of a feeding station visit

separated by sex (Ngeldings = 32, NMares = 161).
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(BICw: 0.153; ER: 0.452). The model with the smallest BIC value
observed an effect of ground exploration and group, but it was not
selected owing to the selection criteria; because the BIC difference be-
tween the best and the second-best model was < 2, the simpler model
was chosen, which included an effect of ground exploration (see
lable 6). The model with the smallest AIC value contained ground

Table 5

Descriptive statistics of the recorded behaviours and events involving urination.

k,‘ The sample included only the urinating-horses.
'l. Variable Average Standard Maximum Number Total
“ frequency deviation numbers of visits number of
l. per per per visit urinations
| urination urination
I Lowering 1.21 0.579 5 107 129
; the head
{ (toward
/ the hay
/ container)
‘ / before
S—— urinating
Partitioning
Mare board at
beginning
of
urination
Closed 1.39 0.946 7 98 138
Opening 1.04 0.455 4 48 51
Open 0 0 0 0 0
Closing 1.33 1.528 3 2 4
B Fig. 4. (A) Probability of urinating in
urinating-horses when visiting the station in the
o8 . baseline situation, separated by sex (Ngeidings =
0 8, Npares = 11; e.g., the point at 1.0 indicates,
: r that one gelding urinated each time while
8 visiting the station). (B) Frequency of urination
- 6 bouts per station visit in the baseline situation,
-‘g 19 separated by sex (Nvisl‘l(icldiugs = 102, Nyisirmarcs
g = 156). Boxplot with median, 25th to 75th
T i . percentile and extreme values (shown with
2 dots). Numbers refer to the number of horses
(=] L per sex (A) and the number of urination bouts
3 per sex (B).
c?2 ¢ |
[} |
=] |
o 4 :
o
o
Gelding Mare
Sex
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Table 6

Model descriptions of the best model for the comparison with the urinating and
non-urinating-horses including the simplest Model; The selected model is
marked in bold. If the difference in the BIC/AIC between a simpler model and the
best model was < 2, the simpler model was selected.
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Table 7

Fixed effects of the best model from the model selection table for only consid-
ering the urinating-horses in the baseline situation; The selected model is
marked in bold. If the difference in the BIC/AIC between a simpler model and the
best model was < 2, the simpler model was selected.

Model 1. model 2. model 3. model
parameter
BIC  Fixed effects EG +G EG+5+G EG
Model 10 14 2
complexity
Model 1 2 3
hierarchy
BIC 297.8 298.4 299.4
BIC,, 0.338 0.253 0.153
Ay 0 0.57 0.158
ER 1 0.749 0.452
ERg Infinite Tnfinite Infinite
AIC Fixed effects EG+ S EG+58+FA+ G EG+FA+S+G
+G + + FA *S
Model 14 16 144
complexity
Model 1 2 3
hierarchy
AIC 266.9 268.1 268.5
AlIC,, 0.117 0.065 0.053
Ay 1] 1.18 1.59
ER 1 0.556 0.453
ERo Infinite Infinite Infinite

? Parameters used in the BIC- and AIC-based model selection. Model hierarchy
= position in the BIC/AIC table, BIC/AIC = BIC/AIC value, BIC,/AIC,,
= Bayesian/Akaike’s weight representing the probability that the given model is
the best, A; = differences in the BIC/AIC in comparison with the best model, ER
= evidence ratio indicating how often the selected model is more likely to be
true compared with the best model, ERy = evidence ratio indicating how often
the selected model is more likely to be true compared with the null model

b EG = ground exploration, § = sex, G = group, FA = food availability, * = an
interaction between variables

exploration, sex and group (AIC,: 0.117; ER: 1) as fixed effects.
Considering the ‘urinating horses’ dataset, an effect of ground explora-
tion and sex could be observed in the AIC (AIC,: 0.195; ER: 1). The same
effect could also be observed in the model with the smallest BIC value,
but the model was not selected owing to the selection criteria. Therefore,
the best model had an effect only of ground exploration (BIC,,: 0.352;
ER: 0.736; see e 7).

The behavioural variables indicated high levels of arousal in 26.3%
of the horses (five mares, one gelding). These horses showed high levels
of arousal in 5.4% of the station visits (during 14 visits; the maximum
was 27 times during one visit). Furthermore, we observed a horse that
showed a posture typical of urination but was disturbed by another
horse that was outside of the feeding station. The disturbed horse did not
urinate and instead showed aggressive behaviours.

In the model comparing mitigation measures, the null model (no
effects) was the best model under BIC model selection (BIC,,: 0.958; ER:
1), whereas the model under AIC selection indicated a mitigating effect
for adding appropriate elimination areas in front of the feeding stations
(AIC,: 0.817; ER: 1).

4. Discussion

The present study is the first to investigate which causes could be
responsible for the undesirable urination by horses in automated feeding
stations and to what extend this behaviour could be prevented. The
following factors were analysed as possible causes: a) urination as a
displacement activity during feed anticipation, b) absence of appro-
priate elimination areas in the stable facility next to the feeding stations
and ¢) ammonia odour as a trigger stimulus for urination.

The analyses revealed that the probability of horses that urinated
during a station visit and the frequency of urination bouts per visit were

Model parameter 1. model 2. model
BIC Fixed effects EG+ S EG

Model complexity 6 2

Model hierarchy 1 2

BIC 423.0 423.6

BIC,, 0.478 0.352

A 0 0.61

ER 1 0.736

ERq Infinite Infinite
AIC Fixed effects EG+S EG +S + EG*S

Model complexity 6 22

Model hierarchy 1 2

AIC 398.1 398.8

AlG,, 0.195 0.144

Ay 0 0.61

ER 1 0.738

ERg Infinite Infinite

¢ Parameters used in the BIC- and AIC-based model selection. Model hierarchy
= position in the given BIC/AIC table, BIC/AIC = BIC/AIC value, BIC,,/AIC,,
= Bayesian/Akaike’s weight representing the probability that the given model is
the best, A; = differences in the BIC/AIC in comparison with the best model, ER
= evidence ratio indicating how often the selected model is more likely to be
true compared with the best model, ERy = evidence ratio indicating how often
the selected model is more likely to be true compared with the null model

b EG = ground exploration, FA = food availability, $ = sex

higher in mares than in geldings. In addition, 100% of urination bouts
occurred while the partitioning board was in the closed position or in the
process of opening or closing (i.e. while the hay was not yet or no longer
accessible) and in 67% after the horses had lowered the head to get
access to food. Ground exploration occurred more often in urinating-
horses than in the non-urinating-horses and more often in mares than
in geldings. Only a few horses showed high arousal during a visit to the
feeding station. The mitigation trials did not result in any improvement
in urination behaviour in the feeding station, although a potential
improvement was observed when an appropriate elimination area was
provided (Trial 1).

The finding of more pronounced urination in mares (11 of 12) than in
geldings (eight of 21) and mares urinating more frequently per visit
could be related to male-specific urination behaviour on hard surfaces.
Theoretically, according to , especially stallions and geld-
ings avoid spraying their belly and legs with urine. Oestrous behaviour
could also be a reason for the frequent urinations of the mares. However,
our observations were made in autumn, a season when mares rarely
show oestrus-related behaviours ( ). Moreover, the mares in
our study that did so during a visit in the feeding station urinated several
times over the entire study period of 4 weeks. This observation contra-
dicts the hypothesis of oestrus-induced urination behaviour because
horses show oestrous behaviour only for approximately 5 days (

).

As no urination was observed while the hay was accessible, this
suggests that urination is related with feed accessibility and potentially
feed-retention related frustration. Furthermore, in a majority of cases
the horses urinated after lowering the head toward the sensor in front of
the hay container. Qur study also revealed that the horses had to trigger
the sensor more than once to receive feed in the roughage feeding sta-
tions. This was due to technical problems with the sensor, which in some
cases failed to recognise a horse in the station even if the horse was still
present. In the most extreme case, a horse had to re-register for access to
hay 25 times during a single feeding period. This circumstance was
likely associated with negative emotions such as frustration because in
the phase of feed anticipation, the emotional state of horses can quickly
shift from ‘pleasant anticipation’ to frustration ( ).
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