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Pour ceux qui ce demandent pourquoi avoir choestravailler avec
des perroquets gris du Gabon pour répondre a :

Quels sont les impératifs cognitifs qu'impose la &n société ?

Je répondrai deux choses

Premierement

Birds of a feather flock together

Ce qui explique pourquoi ces oiseaux sont sociaux.

Et ensuite

Grey parrot always ‘suck seeds’

Et par consequent il se révélait étre le meilleadele pour
mes travaux.

A mes protégeés : Zoé, Léo & Shango

Bon vol !
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INTRODUCTION

Présentation générale du travail réalisé

Ce travail s’'integre en partie dans le cadre d’'tmjgb européen portant sur I'origine
des comportements de coopération. Ce projet iatitNICORE (Integrating Cooperation
Across Europe) fait suite au projet RefCom (RefeatnCommunication) et s’inscrit
également dans la thématique ‘What does it meansetdwuman ? » du sixieme PCRD
NestPathfinder de Ila Commission Européenne. Difitére laboratoires européens
interviennent sur le sujet avec des approchesrdiffés (éthologie, biologie moléculaire,
philosophie, etc.) et des modeéles animaux variésrgguets, humains, chiens, etc.).
L’objectif principal de ce projet était de mieux neprendre les mécanismes de ce
comportement si complexe et pourtant si développéeain des sociétés humaines. Dans le
cadre de ce projet, notre équipe était en chargedle ‘Intégration des femmes dans la
recherche’ (projet transversal) et de I'étude daigeidés pour la partie recherche. Ainsi mes
travaux concernent essentiellement les capacitéspdittacidés a résoudre des taches de
coopération et leur propension a se comporter deiérea prosociale. De plus nous nous
sommes intéressés aux interactions Homme-perrodaes le cadre de lattribution de
perceptions et d’intentions de la part de I'oisg@da-vis de 'humain, ces capacités pouvant

également se révéler utiles lors des actions dpération avec des congéneres.

Le manuscrit se présente sous la forme d’une ssicred’articles publiés ou soumis.

L’hypothése du cerveau social

Bien que des insectes, des mamiferes ou encoreideaux (notamment marins)
vivent au sein de colonies pouvant compter plusieuillions d’individus, aucune autre
espece ne présente cette variété organisationge#iel’on retrouve au sein des groupes
dHomo sapiens Nous vivons dans des sociétés de tailles vasalléant de petites

communautés de chasseurs-cueilleurs nomades #x oil des millions de personnes vivent



dans une proximité imposée avec leurs congénemss férmons des liens durables avec nos
parents mais aussi pour certaines communautés no&e partenaire sexuel. Notre
intelligence pourrait étre liée a cette plasticitEiale. En effet, Jolly (1966) puis Humphrey
(1976) proposeérent une explication pour I'apparenutpériorité cognitive des primates par
rapport aux autres espéces. Les contraintes eménmoentales liées a la recherche et a
I'extraction de nourriture ou encore aux stratégiear échapper aux prédateurs ne sont pas
suffisantes pour expliquer les différences obsenate niveau des capacités cognitives lors
des tests en laboratoire. L’environnement socitilsass cesse changeant et non prédictible
surtout au sein des groupes ou les individus osiirteractions multiples et diverses avec des
partenaires différents. Cette proposition —selguuiddle les individus vivant au sein de société
et devant gérer des relations multiples et complesmt des capacités cognitives supérieures-
I'Hypothese de l'Intelligence Sociale a été repnse la suite dans une approche focalisée
d'une part sur les comportements de manipulationdet tromperie (Hypothése de
I'Intelligence Machiavélique, Byrne & Whiten 1988\hiten & Byrne 1997) et d’autre part
sur la relation entre la taille du cerveau et laigation sociale d’autre part (Hypothése du
Cerveau Social ; Dunbar 1998). Ces hypothésesténpréposées pour le cas des primates
mais les chercheurs se sont depuis rendus cometd’autres espéces telles que les dauphins,
les hyénes ou encore les éléphants présentaiambrdbreuses similarités avec les primates
tant au niveau de leur biologie et de leur écolagie de leurs comportements et interactions

sociales (McComb 2001 ; de Waal & Tyack 2003 ; Gor#007 ; Holekamp et al. 2007).

En 1996, Peter Marler (1996) suggéere pour la pnenias que les oiseaux eégalement
présentent des aspects similaires aux primates ldars interactions sociales. Par ailleurs,
des études concernant la taille de I'encéphal@éocertains de ses éléments) et I'organisation
des structures cérébrales ont permis d’apporteradeelles données. Ainsi, les chercheurs
ont montré une corrélation entre la taille du gewspcial et la taille du néocortex chez les

primates (Dunbar 1992), les carnivores, les ingerts (Dunbar & Bever 1998), les chauves-
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souris (Barton & Dunbar 1997) et les cétacés (Magii02; Connor 2007). Chez les ongulés,
on retrouve cette corrélation bien que les factéaodogiques interviennent également (Shultz
& Dunbar 2006). Certains oiseaux ont, proportiolemént, un cerveau (partie
télencéphalique) aussi gros que celui des chimgafizr@ery & Clayton 2004). Cependant la
possible relation entre la taille du cerveau etldgré de socialité n'a pas pu étre démontré
chez les oiseaux au cours des différentes étudéséaes, qu'il s’agisse de la taille du groupe
(Beauchamp & Fernandez-Juricic 2004), de la stracsociale (Emery 2004 ; Emery et al.
2007) ou encore de la présence d’'un comportemeobaj@ération au nid (lwaniuk & Arnold
2004). Seule I'étude réalisée par Burish et al0og2@ mis en évidence une corrélation entre
la taille du télencéphale et la complexité soci@lependant, les parameétres considérés étaient
une succession de comportement divers et compl@esstoujours liés a des interactions

sociales qui plus est (acrobaties aériennes, rtésolde problemes, mémoire, ...).

Un des éléments qui, en général, différencie leseanix des primates est la
monogamie (Lack 1968) et ainsi peut-étre qu’il 8@ plus d’'une gestion de la qualité de la
relation plutdét que de la quantité. Emery et aD0@ ont mis en évidence une corrélation
entre la taille du néocortex et le systeme d'actupnt (et la durée de la période
monogame). Ainsi la complexité de la relation paiirexpliquer la taille du cerveau chez
certaines espéces telles que les corvidés. D’aamne=urs (Scheiber et al. 2008) viennent
nuancer ces résultats, notamment en soulignardrigre limité d’exemples sélectionnés par
Emery et al. (2007) pour illustrer leur propos. &ifet, il existe d’autres especes que les
corvidés et les psittacidés qui présentent égalemme® organisation monogame de longue
durée telles que les oies. Par ailleurs, certagspeces possedent un cerveau extrémement
développé bien qu'il s’agisse d’espéces nocturheslégaires (i.e. rapaces nocturnes) et chez
qui la fonction biologique (vision nocturne) explala taille du support neuronal (Burish et

al. 2004; Iwaniuk & Hurd 2005). Néanmoins la piste la monogamie (Hypothese de



I'Intelligence Relationnelle) semble encore étreplas adaptée pour expliquer la taille du
cerveau chez les oiseaux (Scheiber et al. 2008tzZSfalDunbar 2010).

Des études ont mis en évidence que les espécasesvd@ec un plus gros cerveau
survivaient mieux en nature (Sol et al. 2007), @nésient un niveau d’innovation supérieure
(Overington et al. 2009) et une plus grande ad@ptaux variations environnementales (Sol
et al. 2005 ; Schuck-Paim et al. 2008). Sol (2@@6pose une autre hypothése (Hypothése de
la Cognition Tampon) suggérant que le développemem support neuronal plus important
permet de répondre aux défis socio-écologiques amilithnt la mise en place ou la
modification de réponses comportementales.

Les études réalisées dans le cadre de ma thesgmuwanbbjectif d’apporter quelques
données permettant de confirmer (ou non) ces hgpeth (Hypothése du Cerveau Social,

Hypothese de I'Intelligence Relationelle).

Le modéle biologique : aspect généraux
Les lignées menant aux mammiféres et oiseaux sesgparées il y a environ 280

millions d’années. Les oiseaux appartiennent ddase des sauropsides qui inclut aussi les
reptiles, le groupe le plus proche étant celui aesodiles. Au sein des oiseaux, I'ordre des
psittaciformes comprend les perroquets et les pees Différentes espéces appartenant a la
famille des psittacidés ont été testées en fonams paradigmes investigués mais aussi en
fonction des collaborations qu'il était possibl&tdblir. Les éléments proposés comme pré-
requis a I'établissement d’interactions socialeampgiexes sont la taille du cerveau, la période
de développement, la longévité et la constitutiengtbupes individualisés (stables). Toutes
ces caractéristiques se retrouvent chez les pdiés®cAu cours de mes recherches, jai été

amene a travailler avec cing especes différentes.



Les perroquets gris du GabdpPs(ttacus erithacussont originaires
d’Afrique (Centrale et de I'Ouest). lls forment tirges groupes
pouvant compter plusieurs centaines d’'individus.

Les aras macacA(a macag peuplent les

foréts humides tropicales américaines, |

l'est du Mexique a I’Amazonie péruvienn{
et brésilienne dans les terres basses jusqu'a 5@@&ltitude. Alors
gu'elles sont peu fréquentes sur le continentrdedgs colonies d'aral;
rouges peuvent étre observées sur l'ile Coibaawbte pacifique d
Panama. Les aras canind@rd glaucogularis) sont

endémiques du nord de la Bolivie. Moins grégaires q
leurs cousins macao, ils sont le plus souvent gbsesn

- couple.

Les conures

soleil (Aratinga solstitiali3 sont originaires du
Brésil et de la Guyane. lls vivent au sein |
structures sociales a taille variable allant dupteu |
(structure familiale) & la colonie ou les individ Aratinga SOIStitiGIiS
participent a I'élevage des jeunes des autres esupl

Les perruches onduléesMé€lopsittacus

undulatu$ quant a elles vivent dans les

zones semi désertiques d’Australie et se
‘ i rassemblent en groupes de plusieurs

% ME‘/OpSitthUS UndQIGtU- milliers d’individus (Juniper & Parr

1998 ; Luescher 200). Tous ces oiseux, en gemértaline dynamique de fission-fusion, ce

qui signifie que la structure sociale du groupdevau cours de la journée en fonction des



activités ; ainsi les oiseaux vont fourrager au esollarges groupes ce qui a pour effet de
diminuer le risque de prédation et au contrairerfoyent en plus petit nombre dans les arbres
diminuant ainsi la compétition entre les animaurmpte tenu de la place réduite (et de la

guantité de nourriture) que peut offrir les brarscheurricieres d’'un arbre.

Ces oiseaux vivent a I'état sauvage dans des fdedises au niveau de la canopée
(perroquets) ou des zones semi désertiques (pesucbndant difficile leur observation. La
reconnaissance individuelle est difficile compteutale la ressemblance phénotypique entre
les individus ainsi que du nombre d'individus. Deanmgre générale, il n'y pas de
dimorphisme sexuel. Chez les perruches, la codeda cire varie en fonction du sexe et de
I'état physiologique ; ainsi les méales arborent aime de couleur bleue plus ou moins intense
et pour les femelles la couleur de la cire vari¢adeouleur créme au marron foncé lors du pic
cestrogénique (Juniper & Parr 1998 ; Luescher 2006Hin I'élément majeur justifiant de
l'intérét d’étudier ces especes en captivité egt extréme néophobie. Des animaux nés en
captivité et manipulés des leur plus jeune age sonins sensibles aux contraintes
anthropogéniques. La diversité des espéces pemtiet autres de tester des organisations
sociales différentes et aussi des capacités cogsitlifférentes. De méme la diversité des
relations existantes entre les individus (partena@xuel, individu de méme couvée, parents-
jeunes, individus du méme groupe, dominant-subarélomale-femelle, etc ...) permet
d’évaluer l'effet de la nature du lien existantrentles partenaires sur la facon dont ils se

comportent.

Travaux de recherche
Dans le cadre des interactions sociales telles’glevage des jeunes, la gestion des
conflits mais aussi afin de pouvoir accéder a aetaressources les individus sont amenés a

communiquer pour signifier leur intentions et abél@r des solutions pour parvenir a



résoudre les défis. Ainsi les occasions de coomet multiples et les avantages d'un tel
comportement semblent évidents. Les actions cae®inécessitent d’avoir les compétences
nécessaires pour y parvenir et aussi les condifemsales et environnementales) favorables
(Huber et al. 2008). On imagine facilement qu’ll @sutant plus facile d’y parvenir si on est
capable de se mettre a la place de l'autre, deersdre compte de ce qui est mieux pour
chacun. Ces comportements (attribution de peragptie connaissances, de désirs ou encore
sensibilité a linjustice) nécessitent des compétencognitives importantes et donc un
support neuronal adapté d’ou I'existence d’un paedien entre relation sociale et taille de
'encéphale. Pour certains auteurs, l'importancelaetdiversité des comportements de
coopération présents chez les humains sont tels gécessitent une représentation cognitive
perspective puissante, d’ou un cerveau plus dégél@doll & Tomasello 2007 ; I'Hypothése

de I'Intelligence Vygotskienne).

Etude de la coopération

De nombreux comportements coopératifs sont obseshiég des especes animales
autres que I'humain comme par exemple la chasssd$o;, Lirhs & Dammhahn 2010), le
harcélement (suricates ; Graw & Manser 2007) olevage des jeunes (pour une revue :
Bergmidiller et al. 2007). L’on trouve aussi des epkas de coopération entre oisillons d’'une
méme couveée qui coordonnent leur quémande, ceugaipmur effet d’accroitre leurs chances
de recevoir de la nourriture de leur parents (Mathe& Charrier 2004). Cependant, la
complexité des mécanismes cognitifs sous-jacenes &omportements est difficile a évaluer
étant donné que la part relative de I'apprentisgggaapport a la prédétermination génétique
est difficile a connaitre. Des études en laboratiet des comparaisons entre espéeces

employant des paradigmes similaires sont utilesr gaudier les facteurs proximaux qui



peuvent étre partagés par différentes espécesuetnpettre a jour d’éventuels processus de
convergence évolutive. La coopération peut étrenefde nombreuses fagons, pour nos
travaux de recherche nous nous sommes focaliséka sig&finition de Noé (2006) ou est
considérée comme coopération toute interactions@ie d’interactions) qui apporte(nt) un
gain pour chacun des participants.

Une des études en laboratoire concernant la coigpéides chimpanzés a été réalisée
par Hirata et Fuwa (2007). lls ont employé le payae de la ficelle coulissante, dispositif
dans lequel deux individus devaient tirer simultaagt une ficelle pour accéder a la
récompense. Plusieurs études ont mis en évidenfedt lgue le degré de tolérance entre les
participants influence directement la coopératewmssi bien concernant sa probabilité de se
produire que son efficacité. Ainsi, plus les mersbd&ne dyade sont tolérants I'un envers
l'autre, plus ils sont efficaces (capucins ; Med€ede Waal 2000 ; Chimpanzés : Mélis et
al. 2006b ; bonobos : Hare et al. 2007 ; corbeagxxf: Seed et al. 2008). Une étude récente
réalisée avec des corbeaux freux a montré quaripdeament des individus jouait aussi sur
les performances de la dyade, a savoir que lesithdi les plus intrépides étaient les plus a
méme de prendre part a I'action coopérative alaeslgs plus timides étaient influencés par le
comportement de leur partenaire (Scheid & Noé 200'®sue de la coopération elle-méme
peut influencer la probabilité qu’'une autre actomopérative se déroule comme I'ont montré
Schuster (2002) et Rutte et Taborsky (2008) aveaals. Au cours de nos expériences, nous
avons testé nos perroquets avec différents niveleugoopération définis en fonction des
actions nécessaires pour accéder a la récompewnssdiB & Boesch 1989). Ces différents
niveaux reposent sur une classification descriptigecomplexité apparente croissante ; ils
permettent d’évaluer si les sujets sont capablagstsudre la tAche et si oui, comment ils s’y
prennent pour y parvenir. Ligremier niveau concerne les actions simultanées mais sans
considération pour ce que fait le partenagin{larité). Ainsi des études avec les capucins

ont montré que les individus testés étaient capable résoudre le probléme mais ne
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comprenaient pas le réle de leur partenaire (Chalnet al. 1997 ; Visalberghi et al. 2000).
Le second niveauest atteint quand les individus sont capablesydelsoniser leurs actions
(synchronisation). Des chimpanzés testés dans cette situation amirén qu’ils étaient
capables d’attendre I'arrivée d’'un partenaire awBntommencer a tirer sur la ficelle (Melis
et al. 2006b). De plus, quand les sujets testésmva possibilité de faire entrer un partenaire
dans la zone de test, ils le faisaient signifi@tient plus lorsqu’un partenaire était nécessaire
pour résoudre le probleme. Seed et ses collabosateu conduit la méme expérience avec
des corbeaux freux mais a l'inverse des chimpanie&spiseaux n’'ont pas été capables
d’attendre. Leroisieme niveauconcerne laoordination, c'est-a-dire la synchronisation des
actions dans le temps et I'espace. Dans I'expégielecSeed et al. (2008), les sujets testés ont
le choix entre deux dispositifs, 'un pouvant éiionné seul (Solo) et le second nécessitant
de coopérer (Duo). Les oiseaux étaient testésetvaans partenaire et pour inciter les oiseaux
a coopérer, deux fois plus de nourriture (par ity était placée dans le dispositif Duo.
Ainsi les sujets étaient supposés choisir le dispdSolo quand aucun partenaire n’était
disponible et tenter d’accéder a plus de nourrieurehoisissant le Duo dans le cas contraire.
Lors de cette expérience avec les corbeaux freemls sdeux des six oiseaux ont choisi
davantage le dispositif Solo quand ils étaientss@dak autres choisissant au hasard) et aucune
coopération n'a été observée. Une expérience récéalisée avec des hyenes a révélé que les
individus étaient capables de coordonner leur®ast{Drea et Carter 2009) tout comme des
chimpanzés (Melis et al. 2009). beatrieme niveau (collaboration) consiste a réaliser des
actions différentes mais complémentaires. L'exem@lieuvé en nature est celui de la chasse
collective ou les individus qui prennent part actian réalisent des actions variées et
coordonnées afin de pouvoir rabattre et attrapprdaé. Ce comportement a été observé chez
plusieurs espéces de mammiféeres : chimpanzés (BagsBoesch 1989), lions (Stander
1992) mais aussi orques (Visser et al. 2008) et plaemment chez une espéce solitaire, le

fossa (Lurhs & Dammhahn 2010).
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A l'état naturel, les oiseaux coopérent mais noesconnaissons pas le niveau de
performance cognitive que cela requiert. En efést,capacités cognitives sous-jacentes a la
coopération ainsi que pour passer d'un niveau autire tel que défini par Boesch & Boesch
(1989) ne sont pas claires. Néanmoins, le pré-semusjeur concerne la compréhension du
réle du partenaire (Noé€ 2006) qui permet d'obsetaedifférence entre la similarité et la
synchronie. L’écart entre la synchronie et le niveaivant est plus difficile a évaluer. Pour
étre capable d’atteindre le dernier niveau (coltabon) sans étre simplement conditionnés a
le faire, les individus doivent comprendre le r@éechaque participant et c’est pourquoi, bien
gue cela ne soit pas précisé dans l'article de &oes Boesch (1989), nous avons considéré
gue les sujets devaient étre capable d’échangey léles.

Les actions de coopération peuvent également étdiéé du point de vue de la
situation sociale comme les relations de hiérareltistant entre les participants ou encore
leurs préférences sociales vis-a-vis de potenfieldenaires. En effet, tous ces facteurs
peuvent jouer un rdle dans la formation de la dyetd®n efficacité. De plus, plusieurs études
ont montré que certaines espéces étaient sensillagquité (chimpanzés: Brosna al
2010b; capucins: van Wolkentem al. 2007, Fletcher 2008, Brosnainal 2010a; tamarins:
Neiworth et al 2009; chiens: Ranget al 2009) méme si les résultats concernant les
chimpanzés sont encore controversés (Braued 2006, Braueet al 2009). Ainsi I'action
coopérative devrait apporter une récompense équt@la chacun des participants puisque
dans le cas contraire on risque de voir un arréa @eopération. Une étude a souligné que la
tolérance vis-a-vis de l'inéquité pouvait varier famction du degré de parenté avec le
partenaire (Brosnan et al. 2005) et donc la qudktéa relation (ou sa nature) peut influencer
lissue d’'une négociation. D’autres solutions sentisageables pour résoudre un éventuel
conflit d’'intéréts pouvant apparaitre lorsque leor@épense a la suite d’'une action conjointe
est asymétrique. Ainsi les sujets peuvent altelens réles pour permettre a chacun d’étre

récompensé (Trivers 1971 ; Altruisme réciproquekenaore se partager le butin. Lors d’'une
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expérience sur la résolution d’'une tache de nétjoniades chimpanzés avaient le choix entre
une situation équitable et une autre injuste, g@ag une distribution inéquitable de la
récompense (Melis et al. 2009). Les résultats nrohgu’au final, les individus sont parvenus
a s’'entendre et ont accédé a la récompense enranbpiéien que les dominants aient essayé
de monopoliser la part la plus importante de ntungi Cependant les subordonnés bien
souvent n'ont pas accepté cette solution et sawepas a faire changer d’avis leur partenaire
de telle sorte que ce dernier vienne coopérer poaéder a la distribution équitable. Une
étude récente réalisée avec des loups montre aquseceéte situation, le dominant accede seul
a la récompense (Moslinger et al. 2009). Les watatide hiérarchie peuvent expliquer la
persistance de ce comportement de coopérationiéity de la part du subordonné. Bien que
les auteurs n’aient pas observé de comportemertiadeelement comme chez les kéas
(perroquet de Nouvelle-Zélande ; Tebbich et al.6)949 est possible que le subordonné
craigne une réaction de son congénere. Les capucihsnontré gu'ils étaient capables
d’inverser leurs réles (Hattori et al. 2005) etfdiee preuve d’altruisme réciproque (Brosnan
et al. 2006), de méme pour les tamarins (Cronim&v@&lon 2008). Chez les chimpanzés, les
individus testés n’ont pas échangé spontanémerd téles (Yamamoto & Tanaka 2009) et
seul un faible effet du comportement du parteniaire de I'interaction précédente a été mis
en évidence (Melis et al. 2008). D’autres expémrsnéalisées sur le principe d’'une paire
acteur / bénéficiaire (de la récompense) aboutigsgalement a une récompense asymétrique
et chez les psittacidés testés, différentes siestégnt été observées : ainsi au sein d'un
groupe de kéas, les dominants forcent les suboédoaractionner le mécanisme (Tebbich et
al. 1996) alors que chez les aras chloropterankrsbres d’'un couple semblent alterner leurs

réles (Spitzhorn 2009).

Avec nos oiseaux, nous avons repris les quatreniveel que définis précédemment ;

dans le dernier niveau (collaboration) ou les iitilis doivent agir de maniere différente mais
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complémentaire, chacun des participants contribdeféort (lors de l'interaction avec le
dispositif) contrairement a ce qui avait été faik@les kéas ou seul un des participants devait
produire un effort Article 1). Nous avons déterminé l'influence de la tolérasce les
performances de chaque dyade mais également edsaxgr si le fait que la proximité soit
récompensée lors de la réussite d'une action catipérinfluence la tolérance au cours du
temps. Ensuite nous avons testé les oiseaux dansituation ou ils avaient ou non le choix
du partenaire avec lequel résoudre la tache. @astei encore il s’agit de voir si les animaux
peuvent coordonner leurs actions mais égalemenbiolecomment les préférences sociales
peuvent modifier les stratégies. Enfin, deux de missaux ont été testés dans une tache de
négociation afin de voir comment les individus ialte résoudre leur conflit d’intéréts et si la
nature de leur relation (dominant /subordonnéjtatidluencer le choix des oiseauArticle
2). Par ailleurs nous avons testé un groupe de gersuavec un dispositif de tir a la ficelle et
un autre dispositif pour lequel un individu doitiaoner le mécanisme afin qu’un congéneére
obtienne la récompense. Nous avons cherché a s#voie part si les oiseaux allaient étre
capables de résoudre les taches et d’autre panneamils allaient s’y prendre, notamment
avec la deuxiéme expérience ou le résultat d’'un@racaboutit a une asymétrie de
récompense. De méme nous nous sommes penchés selatons sociales et I'existence ou
non d'une hiérarchie pour pouvoir mettre en eévigemnkéventuelles influences de ces
parameétres sur les actions de coopératidrc(e 3).

Comme nous l'avons dit précédemment, les indivigusactionnent les dispositifs
peuvent étre amenés a se comporter de maniérasi@tpour qu’'un congénére puisse
atteindre la récompense. Aussi il est pertinens’'ddgerroger pour savoir si les oiseaux ont

des préférences pour ce qui peut étre bénéfigeera tongéneéres.
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Etude de la prosocialité

Les actions altruistes sont hautement valoriséeseitu des sociétés humaines est
constituent un élément clé de la moralité. Cependlas sont également observées dans
beaucoup de taxons, tout du moins si on les défainaniéere fonctionnelle —.comme un acte
co(teux qui confére un bénéfice aux autres sarmumaittendu. Néanmoins comme le
souligne de Waal (2008), les discussions concerle@sntomportements altruistes patissent
d’'un manque de distinction entre fonction et mdto/a: une action est dite altruiste si elle
profite a un autre, que ce soit volontairement ast fEn effet, quand les animaux sont étudiés
en conditions naturelles, il est souvent difficiléterminer leurs intentions sous-jacentes. Si
un sujet donne de la nourriture a un congéneéregeeptirce qu'il est sensible au sort de cette
individu ou est-ce parce qu’au final cela lui serafitable et que ce comportement a été
génétiquement sélectionné ? Bien que ces explitatie soient pas exclusives (étant donné
que le fait de se soucier du bien-étre des autees @tre sélectionné comme paramétre
permettant d’accroitre les chances de survie ddiVidu), beaucoup d’animaux peuvent se
comporter de maniére altruiste parce que leur col@pent est génétiquement pré déterminé
et nécessite juste certaines conditions socialas gexprimer sans que l'individu ne veuille
réellement aider ses congénéres. Quand les indigdat testés dans des taches artificielles, il
est possible d'objectiver la motivation d’'un sugetdonner de la nourriture a un de ses
partenaires. Comme l'acte altruiste vrai (volorgamvec un colt pour le donneur) n’est pas
fréguemment observé, la plupart des études pasteries comportements prosociaux — c'est-
a-dire se comporter d’'une maniére qui procure uréfiée a un autre individu a un co(t trés
faible voir nul. Les scientifiques cherchent a déieer comment ce comportement est
apparu, c’est a dire a connaitre les conditionsatex et les éléments comportementaux qui
doivent exister pour qu’un tel comportement s’exy@i(voir pour revue Kartner et al. 2010).

Par conséquent, la plupart des études se sonis@esilsur la mise en évidence de la présence
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ou de l'absence de prosocialité chez les enfanthez plusieurs espéces de primates non-
humains et ont cherché a savoir si ce comporteneguiérait d’avoir le concept de soi et de
l'autre.

La prosocialité chez les non-primates a, au caetragcu tres peu d’intérét de la part
des chercheurs. Cependant, les données concemmrtomportements prosociaux chez
différentes espéces aviaires pourraient apporterévidence de la convergence évolutive (ou
non) de ce caractere et aideraient donc a détermemeontraintes écologiques et les supports
neurologiques requis pour son existence. D’'un pdéntue développemental, la plupart des
recherches sur la prosocialité ont été conduitesz ates humains. Les chercheurs ont
initialement pensé que le comportement prosociaeseitait d’étre conscient de soi et des
autres comme entité propre et d’avoir de I'empath& Barresi & Moore, 1996) ; ainsi les
études ont examiné si la capacité d’empathie niéaitsde se reconnaitre dans un miroir
(Bischof-Kohler, 1991). Les auteurs n'ont pas ob&at’enfants qui aidaient un congénére
sans avoir montré en paralléle leur capacité aesennaitre, cependant ils ont observé
guelgues individus qui, bien gu’ils se reconnamstadans un miroir, ne venaient pas en aide
a un autre individu. Des études développementagsdulturelles ont cependant souligné
gue le contexte socioculturel importait et qued# §ue les parents renforgaient les actions
sociales positives avait pour conséquence queinerémfants se comportaient de maniére
prosociale, avant méme d’atteindre le stade denregssance dans un miroir (Kértner et al.
2010). Etant donné que de nombreux primates noraimsnvivent également en société, de
telles données renforcent l'idée d'un processusluéfoqui dépendrait des geénes, de
I'environnement ou d’'une combinaison des deux Badl et al. 2009). Des travaux effectuées
sur les grands singes suggérent cependant unecabdercomportement prosociaux, tout du
moins quand la récompense alimentaire est directentsservable (Jensen et al. 2006 ; Silk
et al. 2005 ; Vonk et al. 2008) bien que les congroents existent dans certains cas puisque

décrits entre autres dans l'ouvrage de Frans dd WRamates and Philosophers » (2006).
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Peu d’études se sont intéressés a la fagcon dardraportement prosocial pouvait ou non étre
influencé par le précédent comportement du pamer{Brosnan et al. 2009, de Waal 1997 ;
Melis et al 2008 ; Yamamoto & Tanaka 2009), cespmble constituer un élément important
lorsque l'on vit en groupe. En effet, la vie de ype est constituée d’'une multitude
d’interactions, positives ou non, relatives auxXétdéntes activités et variables en fonctions
des congénéres. Ainsi un sujet n’est jamais a *2érs d’'une nouvelle interaction et ce qu'il

a pu vivre précédemment peut influencer de manmportante ce qui suivra. Seules les
études de de Waal (1997) et Melis et al. (2008)tantvé un faible effet du comportement
précédent du partenaire (dans I'échange de tajkettar de nourriture). Il est intéressant de
noter que les chimpanzés, gorilles et bonobos pastété capables d’échanger des bouchons
entre congénéres, méme en sachant que le bouctehpmuétre échangé aupres d’un humain
ensuite contre une récompense (Brosnan & Beran 2Bef et al. 2009). Les orangs-outangs
ont quant a eux réussi lors de cette tache (Dufbwal. 2009). D’autres travaux (Pelé et al.
2010) ont montré que ni les capucins, ni les maeagle Tonkean n'‘ont su échanger de
maniere volontaire avec leur partenaire bien gaiignt montré qu’ils savaient échanger avec
un humain pour recevoir une récompense (Addesal 28007; Brosnan & de Waal 2004).
Hattori et al. (2005) et Brosnan et al (2006) ordntné que les comportements altruistes
réciprogues étaient peu développés chez les capdains les expériences ou la nourriture
était la récompense directe. Les recherches sysriemtes non humains se sont également
focalisées sur les especes coopérant lors de dgéedes jeunes comme les callithricidae,
especes chez lesquelles les interactions socialgscensidérablement développées. Ainsi
malgré leur divergence évolutive précoce dansglaée des primates, ils peuvent représenter
un bon modeéle pour I'étude des comportements piasoc(Burkart et al. 2007). Les
premieres études consistaient a tester un indiaidic ou sans partenaire et a observer si il
procurait de la nourriture a la cage adjacente &S jamais pouvoir recevoir lui-méme une

récompense et sans pouvoir recevoir en retour duaméadividu (au contraire des grands
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singes par exemple Brosnan et al. 2009). Ainsi femrmousets Gallithrix jacchug
choisissent préférentiellement de récompenser uergre plutbt qu'une cage vide (Burkart
et al 2007) au contraire des tamari8aduinus oedipusCronin et al. 2009 ; Stevens 2010).
Néanmoins les tamarins se comportent de maniesdgiade quant les sujets testés recoivent
également une récompense (Cronin & Snowdon 2008 étude récente sur cette méme
espece a révélé que bien que les comportementeciao® ne soient pas trés présents au
début ils peuvent apparaitre au cours de I'expédadiCronin & Snowdon 2010) au fur et a
mesure que les animaux se rendent compte quedei@npire a la possibilité de leur rendre la
pareille. Chez les perroquets gris du Gabon, lssanix forment de larges groupes (May
2001) et les parents coopérent lors de la congirudiu nid ou de I'élevage des jeunes et se
comportent de maniere altruiste. En effet, on oleségs males régurgiter a leur partenaire
sexuel durant la période de reproduction (Skea®d )16t pour certains tout au long de I'année
(Harrison 1994). Ce comportement d’approvisionngreeamourriture sur plusieurs semaines,
de méme que la relation exclusive (ou presque)eslong terme entre les membres d’'un
couple sont des éléments que I'on ne retrouve Ipex les primates, bien qu'il soit également
possible d’observer un partage des ressourcesrahimes (capucins: de Waal 2000; ouistitis:
Kasper et al. 2008; tamarins: Hauser et al. 20B8)ce qui concerne les chimpanzés, certains
auteurs décrivent I'offrande de nourriture en égeatte relations sexuelles (Gomes & Boesch
2009) mais les données sont controversées (Gilal 8010). De plus, les perroquets gris du
Gabon réalisent des interactions réciproques {taje) et sont capables de s’associer pour
éloigner des prédateurs (Jones & Tye, 2006). Noassadonc décidé de tester des perroquets
gris du Gabon afin de savoir s'ils allaient imméeiiaent se comporter de maniére prosociale
ou alors, comme les tamarins, apprendre a le faiweencore ne pas tenir compte du
partenaire. Comme indiqué précédemment, le paradigenl’échange de bouchon est tres
utilisé dans les études concernant la prosocialigz les primates (i.e. Dufour et al. 2009,

Fontenot et al. 2007 ; Pelé et al. 2009, Pelé .e2@l0). Afin d’accroitre la possibilité de
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trouver une espece se comportant de maniére pabsomus avons testé différentes espéces
de psittacidés. Nous avons également souhaité aemlpafluence de la nature de la relation
entre les individus sur leur propension a étrequias. En effet, il est possible que les oiseaux
prennent davantage en compte le bien-étre de cerggavec lesquels ils grandissent (méme
couvée) ou se reproduisent (partenaire sexuel)tr®eapéces de perroquets (gris du Gabon,
ara macao et glaucogularis, conure soleil) ontéstes sur leur propension a récompenser,
sans colt supplémentaire, un partenaire. La questibdonc de savoir si, toutes choses étant
égales par ailleurs (I'effort produit et le contxocial), les oiseaux vont-ils prendre en
considération les préférences de l'autre?

On s’attend a ce que la relation entre les indwighiluence directement leur choix.
En fonction de la hiérarchie, de la tolérance stutéférences sociales mais aussi en fonction
des évenements précédents, les oiseaux serontoplumoins préts a récompenser leur
partenaire (i.e., de Waal et al. 2008). Dans ueenfirre expérience, deux couples d’aras sont
testés avec leur partenaire sexuel et deux matege® entre fréres de couveée tandis que chez
les gris du Gabon sont testés trois individus vivemsemble mais entretenant différentes
relations Article 4). Nous avons également testé deux autres permogustdu Gabon avec
comme partenaire des humains. En effet, |la relgtasticuliere qu’ils développent avec leurs
soigneurs du fait gu’ils sont élevés a la main prde voir si les oiseaux ont des préférences
pour lissue favorable aussi pour les personnes quotidiennement leur apportent la
nourriture Article 5). Dans une seconde expérience, on associe letegjétavec différents
humains dont chacun se comporte toujours de la nmdameere c'est-a-dire égoiste, altruiste
ou imitateur (il agit comme I'a fait le perroquetrd de I'essai précédent). Les oiseaux en
guestion appartiennent au laboratoire d’lrene Pdygpg et ont été entrainés par des humains
pendant plusieurs années (i.e., Pepperberg 19999omséquent, nous nous attendons a ce
gue les oiseaux soient capables d’associer urtégittaa un humain en particulier et de réagir

de maniére appropriée. Nous pensons que les petsogont soit imiter le choix de I'humain
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comme ils ont I'habitude de le faire lors de seasside modéle/rival (Peppeberg 1999) ou
alors tenteront d’'agir eux-mémes comme modele aisiglsant I'item prosocial afin de
maximiser les récompensedAriicle 5). Dans une autre expérience réalisée avec les
perroquets gris du Gabon de Nanterre, nous avaaé&ie comportement de l'individu testé
au cours d’une situation injuste, a savoir queadkdgnaire recevait une meilleure récompense
gue le sujet quand ce dernier choisissait le baugrosocial. Ainsi nous pensions que les
oiseaux développeraient une préférence pour leHmouégoiste ou arréteraient de participer
(Article 4). Enfin, dans la derniere expérience ou seuls dmrmrxoquets participaient, les
oiseaux devaient coopérer pour recevoir la récosgehinsi le premier individu qui avait le
choix parmi les différents bouchons devait en dhais et le passer a son partenaire qui a son
tour pouvait choisir de le donner ou non a I'expémtateur afin de recevoir la récompense
associée. Le sujet qui avait le choix était supgwéérer le bouchon prosocial afin que son

partenaire percoive un intérét a transmettre lebhon choisi Article 4).

Etude de I'attribution de perception et d'intenson

La capacité a attribuer des intentions et des m@ées a un partenaire peut étre tres
utile pour coopérer, résoudre un conflit d'intér@tsencore comprendre les actions d’'un autre
individu. La théorie de I'esprit consiste en una@mble de capacités cognitives spécifiques
permettant de se mettre a la place de l'autrepdatiribuer des perceptions, des désirs, des
intentions ou des croyances (Premack & Woodruff8l93dusque dans les années 90, ces
capacités étaient largement considérées commefigpési a 'nomme (Povinelli & Preuss
1995 ; Tomasello & Call 1997) mais bien que celd ®ujours débattu (Povinelli & Vonk
2003 ; 2004), de récentes études chez des primatelsumains ont convaincu de plus en plus
de chercheurs que certains individus étaient capabhttribuer des états mentaux a d’autres
individus, homo ou hétérospécifiques (Call & Tonlase2008). Comme le souligne

Tomasello et al (2003), il 'y a certainement pasréponse claire concernant le degré de
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similitude avec les capacités de I'étre humain.midéains il y a des indications que certaines
especes attribuent certains états mentaux (primmatesiumains: Flombaum & Santos, 2005;
Call & Tomasello, 2008; chiens: Call et al. 2008rvidés: Bugnyar & Heinrich, 2005). La
guestion serait plutét : lesquels et a quel de@edl (& Tomasello, 2008)? Certaines indices
comportementaux sont produits et utilisés plugté d’autres lors du développement. Ainsi
des enfants de douze mois comprennent la signdicatu pointage et du regard (i.e. ils sont
capables de suivre ces indices et méme de lesipegolour indiquer I'objet de leur désir ;
Colonnesi et al. 2008). Certaines espéeces sem@ienperformantes dans la compréhension
et 'utilisation a bon escient de ces indices lbestaches de choix par exemple ; taches dans
lesquelles un expérimentateur indique du regarddoudoigt la boite ou se trouve la
récompense (Miklosi & Soproni 2006). Certains coés sont également capables de
répondre a ces indices (von Bayer & Emery 2009gzQbs corvidés, le suivi du regard et le
comportement de cache évoluent au cours du déwaiognt et la maitrise du comportement
de cache par exemple nécessite une période deatiatirdes interactions sociales et des
expériences (notamment de pillage) (Schloegl e2@0.7; Bugnyar et al. 2007). Lors d’'une
expérience récente réalisée avec nos perroquetsdgriGabon, ceux-ci ont été capables,
contrairement aux corbeaux (Schloegl et al. 20@8jiliser les indices fournis par un humain
(Giret et al. 2009a). En effet, les trois oiseank gpontanément ou apreés une courte période
d’entrainement utilisé le pointage proximal (a 28)cet I'un des perroquets a su suivre le
regard (téte et regard orienté vers I'objet quitreeive a 100 cm). Un de ces oiseaux a
également été capable de se servir d'indices \@solvocaux fournis par ses congéneres
pour faire son choix (Giret et al. 2009b). Ainsiusasavons que nos oiseaux sont capables
d’utiliser efficacement les indices fournis lorsudé tache de choix. La capacité a savoir ce
gu’'un congénere peut percevoir (entendre ou vairggample) est un des éléments de la
théorie de I'esprit. L'attribution de perceptioré® mise en évidence chez plusieurs espéeces

comme les primates non humains (Liebal et al. 26tori et al. 2010), les chiens (Call et
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al. 2003; Viranyi et al. 2004), les corvidés (voayBr & Emery 2009) et plus récemment les
chevaux Equus caballus Proops & McComb, 2010). Un autre élément impurtde la
théorie de I'esprit est I'attribution d’intentiof€all & Tomasello 2008). Quelgues chercheurs
ont testé cette capacité chez des enfants et destps non humains en employant des
paradigmes tel que de renverser intentionnelleroerdccidentellement la récompense sur le
sol (Call & Tomasello, 1998; Povinelli et al. 1998s trois espéces testées ont su distinguer
les intentions des expérimentateurs et se songegdirivers celui percu comme étant de
meilleure volonté pour avoir leur récompense, ljjga dans I'étude de Povinelli, les résultats
ne soient pas aussi marqués. Wood et al (2007¢gadement testé des tamariSaguinus
oedipus) des macaques rhésudacaca mulatta)et des chimpanzé®én troglodytes)et
ceux-ci ont su inférer spontanément les intentamgexpérimentateur en choisissant la boite
indiquée par I'expérimentateur lorsque que ce éerimdiquait intentionnellement et non
accidentellement I'une des deux cibles possiblésutiles études ont utilisé le paradigme de
la personne pas disposée ou pas capable de doanetcdmpense alimentaire. Les
chimpanzés (Call et al. 2004), les enfants (Behred. 2005) et méme les capuciri@epus
apella; Philipps et al. 2009) testés ont été capablesdidéinguer les intentions de
'expérimentateur. De maniére générale, les indisids’attendent plus a recevoir la
récompense alimentaire quand c’est par accidentlyumain ne la leur donne pas plutét que
quand il n'y semble pas disposé. Aussi il sembiéressant de s’interroger sur les capacités
d’autres espéces ayant divergé il y plus longteaypsours de I'évolution comme les oiseaux
et plus précisément les corvidés et les psittacidé®ffet, il est possible qu’ils soient amenés
a mettre en ceuvre de telles capacités lors de ietasctions au cours de leur vie sociale
complexe. Les perroquets en particulier montrentgdndes capacités a s’adapter a des
contraintes environnementales parfois tres imptetanomme c’est le cas lors de la vie en
captivité. Tres peu d’études ont été réaliséesaroaat la relation perroquet-humain (Beck &

Hatcher, 1989; Barber, 1993; Anderson, 2003), cegeinil apparait que la compagnie de ces
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oiseaux est percue comme étant de qualité compgadatelle des carnivores domestiques. De
plus, leur capacité vocale d’'imitation stimule chezropriétaire la recherche d’interactions.
Comme la majorité des oiseaux détenus en captleséperroquets testés ont été élevés a la
main et interagissent quotidiennement avec des im$mae qui pourrait leur faciliter la
distinction de comportements humains correspondantdes intentions sous-jacentes
différentes. Trois perroquets gris du Gabon appartea des particuliers ont été testés sur
leur capacité a attribuer des perceptions a I'hareai leur donnant le choix entre des objets
soit placés derriere un écran transparent soiiéderun écran opaque. Etant donné qu’en
temps normal il leur est interdit de toucher aaggts sous peine de représailles de la part du
propriétaire, les oiseaux sont supposés préféresitlmtion ou ils ne seront pas vus de
I'humain pour réaliser leur « méfait » (a savoitrdige ces objets). Une autre expérience en
collaboration avec I'équipe de Prague (Laboratoieecommunication interspécifique, Dr.
Jitka Lindova) est également prévue afin de poudistinguer le cas échéant si les oiseaux
choisissent le c6té sombre parce que l'expérimemtabe les voit pas (attribution de
perception) ou parce que eux ne le voient pas ¢paon simple) Article 6). De plus, les
trois perroquets de Nanterre ont été testés dais donditions inspirées des travaux déja
réalisés concernant I'attribution d’intentions cHeg autres especes mais simplifiées car la
diversité des situations présentées dans les attitdes n'ont pas abouti a une diversité des
réponses de la part des sujets testés (Call 20@d, Behne et al. 2005 ; Philipps et al. 2009).
En effet, bien souvent les différences entre lasagons (I'expérimentateur fait tomber un
raisin qui reste visible ou qui disparait) n’étaipas suffisamment distinctes (ou pertinentes)
pour susciter des réactions comportementales eiffés chez les animaux (Call et al. 2004).
Les perroquets sont supposés réagir differemmefioragiion du fait que I'expérimentateur
(toujours le méme) ne soit pas disposé (en lesunatyyou pas capable (essaye sans succes)
de leur donner une récompense, ou encore soitaidistans sa tache (jouant). Ainsi en

fonction des indices comportementaux fournis panrfiain dans les diverses situations, les
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oiseaux, méme sans apprentissage, devraient slegten recevoir la récompense lorsque

I'humain n’est pas capable plutdt que pas dispdadeur donnerAtrticle 7).

Ainsi mon objectif au cours de cette thése a été€pdendre aux questions suivantes :

1. Les perroquets sont-ils capables de coopérer et @i, quels sont les
mécanismes mis en jeu ? (Articles 1, 2 & 3)

2. Les perroquets sont-ils sensibles aux préférences e d leurs
congéneres ? Est-ce quils préféerent une issue faable a un plus
grand nombre plutdt qu’'une solution égoiste ? (Arttles 4 & 5)

3. Les perroquets sont—ils capables d’attribuer des peeptions et des

intentions aux humains ? (Article 6 & 7)
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Article 1: Cooperative problem solving in African gey parrots (Psittacus erithacups
Péron F, Rat-Fischer L., Lalot M., Nagle L. & Bovet D

En revision @&Animal Cognition

Probléme biologique

Dans le cadre d’'une vie en société, les animawragtssent frequemment avec de
multiples partenaires, surtout si leur durée de ese longue. Les individus peuvent étre
ameneés a coopérer afin de pouvoir accéder a useureg que seuls ils ne pourraient obtenir.
Nous nous sommes donc intéressés a leur capaoi®oadre une tache artificielle et a la
maniere dont ils y parvenaient.

Hypothese

bY

Les oiseaux vont parvenir a coopérer mais lesioestentre les individus vont
influencer les performances des dyades. Les oisganok communiquer pour coordonner
leurs actions ou signifier leurs intentions.

Méthodes

Utilisation d’un dispositif ou une ficelle coulissseules les interventions simultanées
permettent de déplacer et d’atteindre la recompe@seteste les individus dans diverses
situations : 1) l'un des partenaires est retargédelix dispositifs sont disponibles et en
fonction de I'environnement social et des préféesnindividuelles les oiseaux doivent
décider d’entrer ou non dans une action coopéradivkes oiseaux doivent réaliser des taches
différentes mais complémentaires pour pouvoir & la recompense.

Résultats

Les trois perroquets gris du Gabon ont été capatderésoudre les différentes taches.
lIs interagissent plus avec le dispositif quancpartenaire est présent mais ont des difficultés
a inhiber leur réponse motrice. Dans la troisiempeédence les interactions sociales et la
personnalité des oiseaux ont influencé les résulans I'expérience de collaboration ils ne
sont pas parvenus a échanger leurs roles. Lesugis€ant pas communiqué durant la
résolution des taches.

Conclusion

Nos trois perroquets gris du Gabon sont parvencsogdonner leurs actions. lls ont
appris a attendre le partenaire. Le tempéramenindiégdus, leurs performances cognitives
et leurs préférences sociales ont influencé lagdteds observes.
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Abstract

One of the main characteristics of human societseshe extensive degree of
cooperation among individuals. Cooperation is amb@late phenomenon, also found in
nonhuman primates during laboratory studies anttl fabservations of animal hunting
behaviour, among other things. Some authors sudbastthe pressures assumed to have
favoured the emergence of social intelligence imates are similar to those that may have
permitted the emergence of complex cognitive aediin some bird species such as corvids
and psittacids. In the wild, parrots show coopeeatbehaviours such as joint breeding or
mobbing. In this study, we tested cooperative mwblsolving in African grey parrots
(Psittacus erithacys Our birds were tested using several experimesatalps to explore their
behaviours at each level of cooperation as defineBoesch and Boesch (1989): similarity,
synchrony, coordination and collaboration. In oxperiments, African grey parrots were able
to act simultaneously but mostly failed during thelay task, maybe because of a lack of
inhibitory motor response. Tested with the posi#ibib adapt their behaviour to the presence
or absence of a partner, they showed that they aldesto coordinate their actions. They also
collaborated, acting complementarily in order ttvedasks, but they were not able to switch
their roles. This study is the first experimenotor knowledge to test a non-mammal species

on the four levels of cooperative behaviour.

Keywords

African grey parrots, cooperation, synchrony, cawation, collaboration, social cognition
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Introduction

Many cooperative behaviours have been observednrhnman species, for instance,
cooperative hunting (fossas; Luhrs, Dammhahn 20d@bbing (meerkats; Graw, Manser
2007) or cooperative breeding (review; Bergmlilleale 2007). There are also examples of
cooperation among siblings that are able to coatditheir begging in order to increase the
probability of receiving food from their parents &hevon and Charrier 2004; Blanc et al. in
press). However, the complexity of the cognitivechmnisms involved in these cooperation
events is often difficult to measure, as it is idifft to know the relative contributions of
genetic predetermination vs. learning. Laboratdudies and cross-species comparisons using
similar paradigms are useful in studying the pradiimechanisms that can be shared by
different species, and to discover convergent axmlary processes. As many definitions of
cooperation can be found, in this paper, we useédN@806) definition, i.e. all interactions or

series of interactions that, as a rule (or ‘on agef), result in net gain for all participants.

The Social Brain Hypothesis suggests that indiMglli®ing in social groups with
complex interactions have bigger brains in ordemi@nage social relationships (Joly 1966;
Humphrey 1976; Byrne and Whiten 1988; Dunbar 1998)e ‘Relationship Intelligence
Hypothesis’ (Emeryet al. 2007) predicts that complex social life &g term monogamous
partnership lead to elaborated socio-cognitive iteds| similar to those encountered in
primates. Indeed, recent studies conducted in dsnand psittacids have highlighted
cognitive abilities as complex as those observegrimates (Emery and Clayton 2004;
Pepperberg 2006) and similarities in their neuralgy (e.g. ratio of brain/body size; Iwaniuk
et al. 2005) and socio-ecology (e.g. fission-fusdymamics, long lifetime, long juvenile
period, etc.). Thus, these species could repres@uod model for social cognition studies.
African grey parrots Ksittacus erithacysform stable monogamous couples over breeding

seasons and both parents take care of the chittkmugh females invest more effort
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(Cockburn 2006). Birds reciprocate favours whenytipgeen their partner and males
regurgitate food to their females during the repaive season. Some observations
undertaken on Principe Island have reported mobéusmts against red kiteMlifvus; Jones
and Tye2006). Mobbing is a complex behaviour in which bifdin forces in order to defend
their territory. Reciprocal interactions have bewserved in birds during mobbing events
(Krams et al. 2008), and the frequency of thesentsvéncreased when predation risk
increased (Krams et al. 2010). Thus, external factmuld increase the probability of
cooperative actions to occur. All these elemenkeraogether support the hypothesis that
African grey parrots could have the cognitive ai@d necessary to manage complex social

relations and to cooperate.

In our study, we used the ‘loose string paradigmppsed by Hirata and Fuwa (2007)
with chimpanzeesRan troglodytefs in which two individuals were faced with a traythv
food rewards placed out of reach. Both subjectstbgaill on a string simultaneously in order
to get access to the reward. Several studies hghighted the fact that tolerance impacts
directly on the outcome, as the more tolerant gestibs within the dyad, the better that
individual performs (capuchins: Mendres and de V288I0; chimpanzees: Melis et al. 2006b;
bonobos: Hare et al. 2007; rooks: Seed et al. 2008¢cent study has also highlighted that
rooks’ temperament influences the success of tlad dysofar as bolder individuals appeared
to be more willing to solve the task, whereas shiygividuals were more influenced by their
partner's behaviour (Scheid and Noé 2010). Theamnécof the cooperation itself influences
the next successful cooperative attempt as describerats (Schuster 2002; Rutte and

Taborsky 2008).

The aim of this experiment was to test our parmts different tasks involving
different levels of the cooperation as defined lme&h and Boesch (1989). This definition of

cooperation was based on four levels of seemingiwigng complexity. Although it was only
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a descriptive classification, this definition magl us to know more about the underlying
mechanisms needed to solve each level of cooperatiod the ability to learn the basic

prerequisites of cooperation, like the need to weitk a partner.

Firstly, we tested thérst level of cooperation gimilarity ) in which individuals act
simultaneously but do not need to understand tpaitners role. Studies on capuchin
monkeys revealed that they were able to solve disk, tbut without understanding their
partners’ role (Chalmeaet al 1997; Visalberghet al 2000). In a second experiment, we
tried to see if our birds succeededsynchronising which represented thsecond levelof
cooperation as defined by Boesch and Boesch (1989 study conducted with brown
capuchins, an increase in gazing at a partner akentas a criterion for highlighting the
comprehension that cooperation was required (Mendrel de Waal 2000). Chimpanzees
tested on a delay task showed that individuals \able to wait for the partner’s arrival before
starting to pull (Melis et aR006b). Additionally, when the chimpanzee testaad decide to
allow a partner to enter, he did it significantlyma often when he was facing an apparatus
needing cooperation than when facing an experirhestap that he could solve alone. Seed
et al (2008) conducted the same experiment on rookscouatrary to chimpanzees, corvids
were not able to wait for a partner. To testthed level, which is the ability tacoordinate
in time and space, we conducted with our parroéssime protocol as Seed et (@008)
performed on rooks. As emphasised by Noé (200&)rduoation is an important proximate
mechanism needed to accomplish cooperation. Inetkperiment, the individual faced two
different apparatuses, one that could be solveteal&olo’) and another baited with twice as
much food but which required cooperation to obtdduo’). The subjects were tested in two
separate situations: alone or with a partner. Weeebed that parrots would choose the ‘Solo’
apparatus in the first situation, while trying thider apparatus when a partner was present in
order to get more food. Rooks did not seem to stded the task as only two out of six

individuals showed a tendency to prefer the singktform when tested alone and no
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cooperation was observed at all during the experim& recent study conducted in hyenas
showed that they were able to coordinate theiroastiin order to solve a task (Drea and
Carter 2009), and chimpanzees have also been stmwaoordinate their actions during a
negotiation game (Melist al 2009). The same ability to synchronise in time apdce has

been observed with rats during an artificial taSkhuster 2002; Rutte and Taborsky 2008).
As the fourth level, collaboration, involves carrying out different but complementary
actions, we designed a more complex apparatus iohwdne individual had to climb on a

perch in order to release the tray that was pulethe second bird. In this experiment, both
birds needed to act on the device, contrary toipusvstudies conducted with keas in which a
seesaw apparatus was used and only one individatdhwork (Tebbich et al. 1996; Huber

et al. 2008).

Thus, studying cooperative actions could make itlle between physical and social
cognition. In the wild, animals cooperate but tlegrée of cognitive processes involved in the
achievement of the task is unknown. Indeed, theetyidg cognitive abilities necessary to
cooperate and to go through each level are not.cavertheless, the primary cognitive
aspect involved in a cooperative action is the aamgnsion of the partner’s role (Noé 2006)
which can explain the gap between the first tweelews defined by Boesch and Boesch
(1989). The difference between synchrony and coatdin is more difficult to assess. To be
able to reach the last level, collaboration, withdeing simply conditioned to do so,
individuals should understand the role of eachigpent. That is why, although it was not
specifically mentioned by Boesch and Boesch (1988)considered that individuals should

be able to exchange their roles in order to sho@abhmastery of this level.

Cooperation could be also studied considering tfugak situation, such as hierarchy,

tolerance and social preferences between the jatesd-operators, in addition to their
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individual skills. Indeed, all these factors caaypa role in the formation and the performance

of the dyad (Noé 2006).

The aim of this study was to assess whether oeetgrey parrots would be able to
solve cooperative tasks and how they would do i& &¥pected that the relationship would

influence the cooperative attempt through avoidaatféiation behaviours.

Material and methods

Subjects

We tested three hand-reared African grey parrats, males (Shango and Léo, four
and six years old respectively) and one female (Bpéyears old). They hatched in captivity
and arrived at the laboratory at three months ef a@pey were housed together in an aviary
(340 cm x 330 cm x 300 cm) with three tables (18D 75 cm), two large perch structures
and many toys, at a constant temperature of 25%Wwvath a 12/12 h light-dark cycle. The
parrots were tested in their aviary. During a teEssion, subjects that were not tested were
placed in a cage in the corridor with water, foodl doys available. Parrots were fed daily
with fresh fruits and vegetables in the morning g@adrot formula (Nutribird A21) in the
evening. Water and parrot pellets (Harrison, higtepcy coarse) were availakad libitum
and vitamins (Muta-Vit Versele-Laga) were givendava week. Regarding the hierarchy, we

found that Léo was dominant over Shango and ShangioZoé.

Experimental setup

A flat rectangular cardboard tray (31 x 17 x 4 dwajted with food (parrot formula
and seeds) was placed in a cage (54 x 28 x 36iempgding direct food access. A piece of
string was threaded through metal loops placedhentriay so that both ends of the string

extended out of the cage by 20 cm. The lower piatthe cage had a gap that enabled tray’s
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movements. Birds could move the tray only by pgllsimultaneously both ends of the string
(‘loose string paradigm’). The cage was placedwa dlifferent tables separated by 15 cm

from each other. The string was not attached aold ead was on separate tables.

Habituation phase & training
African grey parrots are neophobic birds, so thegrewpreviously familiarised

individually with each new apparatus or new elemeftit for one week before each
experiment. Birds were trained to pull the stringtfwith both ends of the string attached so
that an individual alone could succeed. Then wiikefends, and in order to maintain
motivation even when one of the two birds was géme experimenter pulled the string with
the remaining bird. We stopped the training whdrbats were able to stay in front of the
cage and pulled the string (rarely simultaneouslth&s point). We completed two sessions
(with a variable number of trials) per day lastadgout 30 minutes for each session over two

weeks.

Test

Experiment 1: Similarity

Each bird was tested with a conspecific for 20dgria each session, with two sessions
per day. This experiment lasted until each dyacched a rate of 90% of successful

cooperation actions among all the trials of a s&ssi

“ad

Figure 1: Similarity

36



Experiment 2: Synchrony

This time, the second bird (partner) was positioaedhe end of the table (120 cm
from the apparatus) 15 seconds after the first ahivas placed in front of the cage. We
conducted two sessions a day over ten days. Alldslyaere tested several times,
counterbalancing their roles (tested or partneaydsl) so that we obtained 20 cooperative

events. Each bird was tested 40 times in eachattdenating the partner.

Figure 2: Synchrony

Experiment 3: Coordination

In the third experiment, the birds could choosevieenh two different apparatuses: one
that could be solved alone (the two ends of thagtvere attached) and a second apparatus,
similar to the one used in the previous experimehgre the birds had to cooperate to solve
the task. We baited the tray differently so thatthe second apparatus (‘Duo’) a double
amount of food (per individual) was provided in qmanson to the other apparatus (‘Solo’),
in order to promote cooperation. A study condugiegliously at the laboratory highlighted
the fact that our birds were able to discriminateaeen these quantities (Al Aét al. 2009).
Each experimental setup differed in size (smalethe case of the ‘Solo’ apparatus) and
colour (yellow for the ‘Solo’ apparatus and blue the ‘Duo’ apparatus) so that the birds
could discriminate the two apparatuses easily wilaoed at the end of the table. Each bird

was tested alternatively with and without a partamed placed at the end of the central table
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whereas the partner (when present) was placedtsin@dusly in front of the ‘Duo’ apparatus
on the other table (Figure 3). Each bird was teseacral times so that we obtained 60 trials
in which the bird chose one apparatus (20 triath wach partner and 20 trials alone). Two

sessions were conducted every day for ten days.

Figure 3: Coordination

Experiment 4: Collaboration

Using only the ‘Solo’ cage, we added a lever (49 connected to a perch (20 cm).
One parrot had to climb on the perch, which revilttee lever. This latter action allowed a
partner to move the tray baited with food for bbitds. However, birds could pull the string
but the tray would stay blocked by the lever (segie 4). We tested only the more tolerant
dyads, Léo-Shango and Léo-Zoé. Birds were trainedbath actions but we imposed their
place on the table and thus their role at the maggnof the test in order to see if they would
be able to switch roles later. Individuals werecplh either at the same time (condition 1), or
with a delay of 10 seconds (condition 2). In thetfphase, we decided arbitrarily to place Léo
on the perch side and alternatively the two otloershe tray side. We completed 40 trials in
condition 1 and 20 in condition 2 for each dyad.te second step, we exchanged the
subjects’ places for 30 trials, with Léo on theytsade and Shango and Zoé alternatively on

the perch side (15 trials each). Test sessionsptame over two months.
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Figure 4: Collaboration

Scoring and data analysis

We reported the number of single pullings beforé after the arrival of the partner,
simultaneous pullings, the latency times beforédngarrot pulled the string for the first time,
the time spent on the perch (experiment 4) andlyitlae outcome (access to food or not) for
each trial. A trial ended when 1) the individuadached the reward, 2) the string was out of
reach for the partner or 3) the individuals lackedtivation (more than 90 seconds without
any behaviour directed towards the apparatus).tft@iffirst experiment, we determined the
success rate for each session of 20 trials asuher of successful cooperative events over
the total number of attempts.

Spearmann correlations were used to assess angeasham behaviour across the
testing period. We ran binomial tests in order waleate the choices of the birds facing
different experimental setups. The significanceelewas set att = 0.05. When multiple
comparisons were made, we used a Bonferroni adamet@ = o/c whereoa = 0.05 and ¢

corresponds to the number of comparisons).

Results

Similarity
Birds required between 6 and 9 sessions to stleedsk with their partner with a

success rate higher than 90%. The number of sphietions decreased (Spearman rank order
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correlation; Zoé-Léo: N=9,:+-0.702, p=0.0101; Zoé-Shango: N=%-0.861, p=0.00609;
Léo-Shango: N=6,*-0.853, p=0.0333) and at the same time simultangolling increased.
Indeed, each dyad improved the number of successtyperative actions (Spearman rank
order correlation; Zoé-Léo: N=9:70.685, p=0.0186; Zoé-Shango: N=&0.991, p<0.001,

Léo-Shango: N=6,+0.853, p=0.0333).

Synchrony

Birds cooperated successfully in 76% of the tri&l&e noticed that all the subjects
pulled more when a partner was available than wthety were alone (Wilcoxon: Zoé:
W=610.5, N=50 P <0.001; Léo: W=989.5, N=50, P <@;08hango: W=367.5, N=50, P
<0.001; see figure 3). Two out of three individualsowed no significant change in the
number of pullings before the partner’s arrival¢&pnan: Zoérs = -0.196, N = 50, P = 0.230
and Léoxrrs = 0.292, N = 50, P = 0.104), while Shango showsaibaificant decrease = -
0.498, N = 50, P <0.05). The latency time (befdne first pulling) did not increase
significantly across the experiment for Léo and Z8pearman: Léas = -0.070, N= 50, P =

0.551. Zoérs = -0.201, N=50, P = 0.137) but increased for Sbajng= 0.339, N= 50, P =

0.017).
0,6
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Figure 5: Mean number of pullings before and aferpartner’s arrival during the ‘Delay’ (experimé) and

‘Solo Duo’ (experiment 3) tasks. In both experinsefitirds pull more when a partner was present eawhéd to

wait across the study as they pulled less in gémethe experiment 3.

Coordination

When tested alone, Zoé chose significantly morenofihe ‘Solo’ apparatus (Binomial
test; P =0.006). Tested with Léo, Zoé always clibe€Duo’ apparatus and on the contrary,
when tested with Shango, she went for the ‘Solajecan all the trials (Binomial test;
P<0.001). Shango, tested alone or with a partnidadior the ‘Solo’ apparatus in all the trials
(Binomial test; P<0.001). When alone, Léo did nodvg any preference for the ‘Solo’ cage
and chose at random (Binomial test; P =0.252). l@ncontrary, when a partner was present
he significantly chose more often the ‘Duo’ appasatcooperating all the time with Zoé
(Binomial test; P<0.001) and in 75% of the trialshwShango (Binomial test; P =0.021) (see

Figure 6).

100 Solo apparatus
90 *

80

%

70
&0
50
40 Binomial test
30 * p<0.05
20 ##% 520,001

0

Zoé alone Zoéwith Zoéwith Shange Shango Léoalone Léowith Léo with

B Duo apparatus

Percentage of choice

Léo Sango alone with a Zoé Shango
partner
Sodcial conditions

Figure 6: Birds’ choices between Solo and Duo agipges according the social situation

The three subjects pulled less when they weremngaibr a partner (Wilcoxon; Zoé: W
= 50, N = 50, P <0.001; Léo: W = 91.5, N=50, P €8.0Shango: W = 38.5, N =50, P

<0.01). Moreover, the individuals improved thesdqgenances between the two experiments.
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Indeed, the mean number of pullings in each camdifalone and with a partner) decreased
across the study (Comparing ‘Delay’ and ‘Solo Dtasks when alone; Wilcoxon: Zoé:
W=848.5, N=, P <0.001; Léo: W = 1016, N=50, P <6.0CGomparing ‘Delay’ and ‘Solo
Duo’ tasks when the partner was present; Wilcoxwé: W = 546.5, N = 50, P =0.34; Léo:
W = 985, N = 50, P <0.01; see Figure 5). As Shaalg@mys chose the Solo apparatus we

were not able to compare his performances.

Collaboration

During condition 1 (no delay), we observed thathbalyads (Shango/Léo and
Zoé/Léo) performed similarly (75% and 73% succeds, rrespectively) with a refusal rate
that was quite low (5%). However, both birds gdtéld difficulties in waiting as the pulling
bird tended to act before Léo was perched. In #laydcondition (2), we observed that the
success rate of the dyad Shango/Léo dropped mokty Léo was delayed, since in half of
the trials Shango left the testing area and didwwit for Léo’s arrival. We noticed that Zoé
kept pulling the string while Léo arrived in 81% tbie trials. Once perched, Léo waited for
his partners and never went down before the foosl aeaessible but refused several times to
participate when Zoé or Shango were delayed (sé¢eTH. During the second phase in
which the positions were exchanged, we observed thinke attempts of cooperation across
the 30 trials. Léo pulled the string only once, bafore Zoé was perched. Zoé and Shango

also perched spontaneously once each during thexiengnt, but Léo did not pull the string.
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b [Perching [Pulling [Condition cuccess [Fallure  [Falure IR Pulling
of  [bird hird tat e perching  pulling attempt  before
trials bird bird
d0  |Léa Sharnge ne delay 75% 15% 10% 5% 13%
20 |Leo Shango Whango delaved 3% 0% 3% 2%
20 |Léa mhange Ldo delaved 20% 4% S0% 1%
40 |Léa Laé reo delay 73% 18% 2% 5% 15%
20 |Léa Pters Taé delayed 0% 200% %% 0%
20 |Léo PAer Vo delayed 88% 6% £1%% 0% 1%
13 |Shange [Léo o delay 1% M T HED
12 |Zoé Leo no delay 0% %4 %0 23%

Table 1

Success rate: number of successful cooperativenagtit of the total number of attempts

Discussion

In experiment 1 (similarity), our three birds hdw tsame goal and solved the task
doing the same action (pulling the string). The bhamof simultaneous pulling occurences
increased as their similar actions were completdtieasame time. This type of cooperation
has also been observed in primates such as cafpotainarins (Cronin et al. 2005), ouistitis
(Werdenich and Huber 2002), capuchins (Mendresdenw/aal 2000), bonobos (Hare et al
2007) and chimpanzees (Melis et al. 2006a), anc memrently in non-primate species such as
rooks (Seed et aP008), wolves (Moslinger et.&009) and hyenas (Drea and Carter 2009).
These results showed that the subjects’ successimateased and this was enough to
conclude that they could solve the task, but wasenough to conclude on the concept of
understanding a partner’s role. Indeed, individualald have been simply attracted by the
reward and made a similar action without understapdhat cooperation was necessary
(Visalberghi et al. 2000).

In experiment 2 (synchrony), one of our subjectha(®o) seemed to adjust his

behaviour according to the presence of a partnérpatied less until the partner arrived in
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front of the cage. On the contrary, Zoé and Léd® fooks (Seed et.@2008), seemed unable
to wait for the partner but increased their aggivithen the other individual was present, like
capuchins (Mendres and de Waal 2000). Haesat (1999) argue that it could be difficult to
inhibit a learned motor pattern such as pulling @nstring in order to receive food.
Furthermore, experiments conducted in the laboyatarself-control revealed that our three
parrots were not able to wait for more than twosés in a delay of gratification task (Vick
et al 2009). It is possible that the choice of a 15 sdcdelay was too long for our parrots,
such that they were unable to refrain from pulling string despite understanding the need of
a partner.

In experiment 3 (coordination), our grey parrotgavable to take advantage of the
presence of a partner to solve the ‘Duo’ apparahgsthus to get more reward. In the study
by Seed et al. (2008), only two rooks showed agpegice in the second half of the trials and
this preference was for the single apparatus when were alone. As well as chimpanzees
(Melis et al 2009) and hyenas (Drea and Carter 2009), Africay garrots were able to
coordinate their actions. Nevertheless, we musti§pthat our birds were placed directly on
the table so they were more willing to participatempared to the rooks that were in an
adjacent aviary.

Léo and Zoé, when tested with a partner, showetka preference for the ‘Duo’
apparatus, which could support the fact that thedeustood the advantages of cooperation in
order to obtain twice as much food when a consjoeesifs available. However, Léo behaved
at random when alone; this could be because hadtideally understand the task and the
partner (when present) could represent an attediimulus. In previous experiments, our
birds showed that they could rely on cues from hurf@iret et al 2009a) and conspecific
(Giret et al 2009b) sources to find hidden food. Thus, it isgiiole that Léo simply relied on
the presence of a conspecific in order to makelécssion and showed no difference between

partners because he could obtain food with botherh.
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Zoé made a clear distinction between conspecifiod, the decision for entering in a
cooperation process was a function of the partnersdif. While she chose to always
cooperate with Léo when he was present, she alweayd for the ‘Solo’ apparatus when
Shango was the partner. She probably understoo@dhantages of cooperation, but also
realised when it was better not to do so. Indeddn§o was dominant over Zoé and they
often had antagonistic interactions. Furthermohes sould have kept in mind that in this
experiment he never cooperated (when he was thedtdsrd). On the contrary, Shango
adopted a different behaviour, always choosing'8wdo’ apparatus whatever the situation
was (tested alone or with a partner, dominant boslinate). He seemed to prefer to have a
smaller reward but to get it by himself without deg a partner who could refuse to
participate.

In this experiment, the parrots also seemed toon®their self-control and waited for
their partner before pulling the string, contranywhat we noticed in the collaboration task.
Indeed, Zoé pulled the string before the arrivaLé more when partner entry was delayed.
Shango did not wait and most of the time prefeteetbave the table rather than to wait for
his partner. He was also the subject who showedwvtirst performance in the self-control
experiment (Vick et al. 2009).

In experiment 4, all three birds learned to act glementarily in order to reach the
tray. However, after we exchanged their positidhey acted appropriately only three times,
but it was always unsuccessful. Even if they weaenéd at the beginning on both tasks, it
seems that they specialised in their primary rald ¢hen were not able to adapt their
behaviour to the new situation. The inability o€ tharrots to exchange roles was probably
due to their inability to understand the genertirsg and the necessity for the two subjects to
engage in complementary actions simultaneously.s Tis probably different from
chimpanzees (Boesch and Boesch 1989) or lionsd8tdr®92) who are able to collaborate in

the wild, thus without training (some trial andarcould probably also be important for them
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to learn how to collaborate). However, the fact thar parrots tried at least once cooperation
attempt could also mean that they had some undeistpof the actions needed. An overall
laziness and lack of motivation could also explainr results, since the parrots would not
even walk a few more steps in order to go to thsiral places to solve the task.

Previous experiments conducted with the same bedsaled that they were able to
adapt their responses according to the experinisnitéentions (Péron et al. 2010), but in this
study, we were not able to make conclusions reggrdheir mental states. None of our
parrots made any recruitment attempt (or even editbcalisations), but at the moment, no
data from the wild or from captive parrots has shaive presence of this behaviour in
African grey species. During our studies, the biodented their heads toward their partner
most of the time when partner entry was delayedieNbeless, regarding the anatomical
disposition of their eyes, it is hard to concludeything based on their gaze direction
(Dawkins 2002), so a specific experimental desigipleying optical equipment such as a
laser (Ander®t al 2008) would be needed.

This study was a new step towards a more genengpi@hension of parrot social
cognition. Our three grey parrots were able toealtificial cooperative tasks and to relate
their actions in time and space in order to geéss¢o a resource. Learning clearly accounts
for a huge part in their performances. Although subijects seemed to understand the need of
a partner to solve the task, the same effect qoadably, as emphasised by Noé (2006), have
been achieved by combining the opportunity to gaiaward with a red light or any other
cue. However, this ability to learn such contingescould probably allow parrots in the wild

to learn to cooperate more efficiently.

We observed that tolerance impacted on the prbtyatii cooperation to occur and
also on a dyad’s efficiency. Our observations Haeen based on three hand-reared African
grey parrots, so our conclusions cannot be apphi¢de species as a whole. However, the

vast majority of the data currently available canagg the cognitive and communicative
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abilities of African grey parrots came from a smgldividual, Alex (Pepperberg and
Brezinsky 1991; Pepperberg 1993; Pepperberg 13%hdtberg 1999). There is no doubt
that in nature parrots have to face complex satiahtions during which they must cooperate
in order to access a reward or to defend a teyriOur positive results suggest the need to
study different groups of grey parrots with diffetelevices in order to evaluate how they deal
with their physical and social environment. Indestddies conducted in keas (Tebbish et al.
1996; Huber et al. 2008) and macaws (Spitzhorn P#&aled that according to the social
organisation of the group and the experimentalpsetifferent strategies are used to solve a

cooperation task.
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Article 2: Social preferences and negotiations dumg a cooperative task in African
grey parrots (Psittacus erithacuk
Péron F, Rat-Fischer L., Lalot M., Nagle L. & Bovet D

Soumis alournal of Comparative Psychology

Probléeme biologique

Dans le cadre d’'une vie en société, les animauk amenés a interagir frequemment
avec de multiples partenaires, d’autant plus si thurée de vie est longue. Les individus
peuvent étre amenés a coopérer afin de pouvoidacat une ressource que seuls ils ne
pourraient obtenir. Au sein d'un groupe, les paies potentiels peuvent étre nombreux et
donc il peut étre utile de choisir ceux qui ont l@8mes intentions et qui se révélent étre les
plus performants.

Hypothese

Le degré de tolérance entre les individus va camdier leurs choix et performances
dans les taches de coopération. Dans I'expérieaceédociation, les oiseaux vont essayer
d’obtenir la plus grande récompense possible etpaséquent il y aura un conflit d’intéréts
entre les participants pouvant conduire a I'argéladcoopération.

Méthodes

Nous avons évalué la tolérance au sein des dyetdesiployé un dispositif ou une
ficelle coulisse pour évaluer leur capacité a titleraensemble. Seules les interventions
simultanées sur le dispositif permettent de déplatd’atteindre la récompense. Nous avons
aussi testé leurs préférences sociales en leurepimh de choisir leur partenaire. Dans une
troisieme partie les oiseaux se retrouvent faceedx ddispositifs ou la répartition de la
récompense est soit égale soit inégale.

Résultats

Plus les membres d’'une dyade sont tolérants, ysarticipent et meilleurs ils sont.
Nous observons que les males ne font pas de différentre les partenaires possibles alors
que Zoé ne coopere qu'avec Léo. Dans la dernigrérence, Léo parvient a faire changer le
choix de Shango mais ce dernier essaye tout de rdé&b&enir la plus grande partie de la
récompense. A plusieurs reprise ils partagentdamgense.

Conclusion

On observe que la tolérance influence le choix atepaire mais également la fagon
dont les individus choisissent de résoudre un prabl Les relations entre les individus
influencent également la maniere dont peut étreluésn conflit d'intéréts. Au final les
oiseaux partagent la nourriture ce qui permet aexxdndividus d’étre récompensés pour
leurs efforts et donc de poursuivre les tentatdeesoopération.
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Abstract

Cooperative behaviours such as mobbing, hunting @mmperative breeding are
encountered among animal kingdom and wildly dewadopn human societies. Several
experiments conducted in non-human primates andirieether mammals and birds reveal
that some species are able to coordinate theiprectaccording to physical and social
constraints of the environment to solve artifidks. In the wild, parrots show cooperative
behaviours such as allopreening or mobbing. In shigly, we tested African grey parrots
(Psittacus erithacys using different artificial tasks, to explore thdbehaviours when
cooperation was needed. First we analysed theiesftig of three dyads according to the
relationship between individuals. As expected, there tolerant dyads obtained better
performances. In the second task, three grey pacotld choose between two potential
partners in order to solve a cooperative strindipyltask. We observed that birds entered in
cooperative actions according to their relationshifh the partner, and that hierarchy and
tolerance again influenced the performance of tyeddIn the third experiment two birds
were presented to a negotiation game in which apypses were baited differently: a fair and
an unfair food distribution. In this experiment tdeminant tried to monopolize the reward
whatever the situation was but the subordinated Wwiis able to influence the behaviour of
his partner. In most of the cases the parrots ddive task sharing the food and thus avoiding

any conflict or any breakdown of the cooperativeawour.

Keywords: African grey parrots, tolerance, efficiency, cootion, cooperation, negotiation
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Introduction

According to the social brain hypothesis, individubving in social groups have to
manage complex interactions (Jolly 1966; Humphr@y6l Byrne and Whiten 1988; Dunbar
1998). Monogamous animals have also to avoid aisflwith their mate (valuable
relationship hypothesis: Ememt al 2007). These hypotheses could explain why some
species have bigger brains compared to what cailexpected when considering their body
size. Some birds’ families illustrate this phenomen Recent studies highlighted that
cognitive abilities of corvids and psittacids sgscivere complex and similar to the abilities
observed in primates (Emery and Clayton 2004; Réepg 2006). African grey parrots
(Psittacus erithacyswould represent a good model for cooperation istués they form
stable monogamous couples over the breeding sedsotsparents take care of the chicks
even if the female invests more (Cockburn 2006)yTHisplay reciprocal actions such as
allopreening and males regurgitate to females dutle breeding season. Moreover, these
birds are able to cooperate in order to defend tireup: in Principe Island grey parrots have
been observed while mobbing against red kites flamel Tye 2006). All these elements
taken together raise the hypothesis that Africay giarrots would have the cognitive abilities
necessary to manage complex social relations armzbdperate in an artificial task. They
should display flexible behaviours in order to ad@pthe situation, thus avoiding potential
conflicts that could possibly weaken the relatiopsiEmery et al. 2007). Many definitions
of cooperation can be found; in this paper, weNigé’s (2006) definition: all interactions or
series of interactions that, as a rule (or ‘on agef), result in net gain for all participants.

In this study we adapted the ‘loose string paradigroposed by Hirata and Fuwa
(2007) with chimpanzees$?an troglodytey two individuals faced a tray with food rewards
placed out of reach. Both subjects had to pull #eneously a string in order to get access to
the reward. Melis et al. testing several dyadshafnpanzees with the same setup showed a

positive correlation between tolerance within dyaadsd success rate (2006b) and that
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individuals were able to discriminate between twateptial partners according to their
previous experience with each of them in ordeetwuit the best collaborators (2006a). Thus,
social preferences could develop according to Kiks sof potential partners. Experiments
conducted in rooks Qorvus frugileuy showed that individuals solved the task more
efficiently if dyads were tolerant (Seed al 2008) and bolder individuals appeared more
willing to solve the task whereas shyer individuadsre more influenced by their partner’s
behaviour (Scheid and Noé 2009). Social relatigrshbuld also influence the performances
as individuals could choose their partner accordngrevious interactions (agonistic or not),
their relationship (mate, siblings) and their posit within the hierarchy (dominant-
subordinate). Several studies revealed that sonexiesp were sensitive to inequity
(chimpanzees: Brosnagt al 2010b; capuchins: van Wolkenten al. 2007, Fletcher 2008,
Brosnaret al 2010a; cotton top tamarins: Neiwoehal 2009; dogs: Ranget al 2009) even

if there are also some controversial findings rémey chimpanzees abilities (Brauer al
2006, Braueet al 2009). Thus cooperative actions should providevedgnt rewards to each
participant, as otherwise cooperation could breakddA study also revealed that tolerance
for inequity could increase with social closend&®$nan et al. 2005), thus the quality of the
relationship would influence the outcome of the otegion. Other possibilities to solve a
cooperation task with asymmetry in the outcomet@amdisplay more flexible behaviours such
as tolerated theft (Blurton Jones 1984), reciprattbism (Trivers 1971) when individuals
take turns so that all participants could accessréisource or just sharing the reward. In the
negotiation game (Melist al 2009) the chimpanzees had the choice betweern arfdian
unfair reward distribution. The results showed ttlampanzees were successful most of the
time as they found a solution and finally coopetatéominants tried to monopolize the
bigger amount of food but subordinates often refusaelfish offer and were able to outwait
their dominant partner until finally they obtainedual rewards. Other studies evaluated the

reaction of individuals facing unfair situationsthiney were based on the paradigm of
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producer/recipient since only one subject providédrts and another obtained the food. In
different psittacids species, individuals solvee thsk using different strategies such as social
harassment for the keas (Tebbmhal 1996) and reciprocal altruism and tolerated tifmft
the Green-winged macaws (Spitzhorn 2009). A restrty on wolves showed that they were
able to solve the same kind of task but most oftittne the dominant accessed the reward
(Méslinger 2009). Capuchins were able to reverse tioles (Hattoret al 2005) and display
reciprocal altruism (Brosnagt al 2006) and cotton top tamarins (Cronin & Snowdof&)0
were also found to be able to reciprocate. In clainzpes only a weak effect of previous
behaviour had been observed (M@isal 2008) and they did not spontaneously take turns in
a reciprocal cooperation task (Yamamoto & Tanak@920Reciprocal interactions were also
observed in birds during mobbing events (KramsleR@08) and its frequency increased
when the predation risk increased (Kraghgl 2010).

Our birds already participated in several experitsi@h cooperative string-pulling. We
found that they were able to learn to wait for thgartner (synchrony task), to adapt to the
presence or absence of a conspecific and to caded{iPéroret al submitted-a). Indeed, in
an experiment (coordination task) in which indivatkihad the choice between an apparatus
that could be solved alone (Solo) and anotherrgwgiired cooperation but where twice more
food was provided (Duo), the female (Zoé) choseShé apparatus when alone or tested
with one of the two males, Shango (who was aggressiward her) and on the contrary
cooperated with the other male, Léo. Shango chibskeatime the Solo apparatus whenever
he was alone or with a partner and at the oppasgibecooperated with both individuals when
it was possible (Péron et al. submitted-a). But kawld they have behaved if more than one
partner had been present? The aim of this studytwasvaluate the preferences and the
performances of birds according to their partnea tooperative task and then to look at their
strategy when facing a negotiation game. First welyged the efficiency of the dyads

according to the relationship between individudlge hypothesized that if our individuals
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were able to cooperate, this would increase tlerdote between them. Then our grey parrots
could choose between partners and finally, the ivades participated in a negotiation game

where the trays were baited differently.

Experiment 1: Tolerance and Dyad efficiency
Material & method
Subjects

We tested three hand-reared African grey parrets: males (Shango and Léo, four
and six years old respectively) and one female (Bpéyears old). They hatched in captivity
and arrived at the laboratory at three-months-dliky were housed together in an aviary
(340 cm x 330 cm x 300 cm) with three tables (18D 75 cm), two large perch structures
and many toys, at a constant temperature of 258Caalt2/12 h light-dark cycle. The parrots
were tested in their aviary in pair or all togetHeuring a test session, subjects that were not
tested were placed in a cage in the corridor wotidf water and toys available. Parrots were
fed daily with fresh fruits and vegetables in therning and parrot formula (Nutribird A21)
in the evening. Water and parrot pellets (Harridugh potency coarse) were availalle
libitum and vitamins (Muta-Vit Versele-Laga) were giverideva week. As our animals are
free flying parrots, all our sessions were basetheir motivation to participate. Indeed, they
could leave at any time and go to perch elsewhetbd aviary. We used parrot formula and
sunflower seeds as reward and birds were not familived for the tests but they did not

receive these preferred rewards outside of the.test

Tolerance evaluation
Tolerance was evaluated using a divisible quantitipod placed in a flat rectangular
cardboard tray (31 x 17 x 4 cm) large enough forufianeous access of both animals. The

first bird was placed in front of the tray thenezand individual was placed near the first one.
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Each test lasted one minute and was repeated tisutdimes for each dyad depending on
their motivation for food access. The data recondetkt the time during which the birds were
eating, all the neutral, affiliative and agonisfaggression, avoidance) behaviours and also
vocalizations.

We defined the degree of tolerance as [the numbaiffiiative behaviours] minus
[the number of antagonistic behaviours] divided[ttne numbers of all behaviours] (Coulon
1975). Thus, we created a tolerance index: It = §ME&2 Rc - Pa)/ (Me + 1/2 Rc + Pa) with
It: tolerance index (-¥ It < 1); Me: number of time where birds were eatingetbgr; Rc:
Numbers of occurrences in which individuals stayeder 20 cm of distance to each other;
and Pa: Number of occurrences in which one indaidomoved away when the other
approached the food source. Dyads with a scord @fre considered as intolerant whereas a
score of 1 means a high degree of tolerance.

Tolerance rate was evaluated between each dyadebeforing and after the testing

period (synchrony and coordination experiments;sdew).

Dyad efficiency

Birds were tested using the loose string paradigmiat rectangular cardboard tray
(31 x 17 x 4 cm) baited with food was enclosed gage (54 x 28 x 36 cm) to prevent birds
from food access. A piece of string was threadedutlijh metal loops placed on the tray so
that both ends of the string extended out of tlgedar 20 cm. The bottom of this cage had a
gap that enabled tray’s movements. Pulling fromyomhe end of the string would be
ineffectual because the string would become untle@avithout moving the tray. The parrots
could move the tray only by pulling both ends af 8tring simultaneously. We did not need
to familiarize our birds with the device as theyé&®een previously tested on their ability to
synchronize and coordinate in order to solve a emtjve string-pulling task (Péron et al.

submitted-a). We looked at the average of simutiagepullings needed for each dyad in
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order to reach the food for each trial. We useddihérials conducted both for the synchrony
and coordination task (detailed in the introductifor each dyad. Thus we obtained variable

number of cooperation according the dyad.

Statistical analysis
We ran one way RM ANOVA with all pairwise multipleomparison procedures

(Holm-Sidak method) according to the result of tloemality test.

Results
Tolerance

Before the experiment, we found a high value far diyad Léo-Zoé (It (Léo-Zoé) =
1,00) which were highly tolerant toward each oth@n the contrary we noted a very low
value between Shango and Zoé (It (Shango-Zoé) 60)las Shango was very aggressive
toward Zoé so she was afraid of him. Finally, weayked a medium rate for the dyad Léo-
Shango (It (Shango-Léo) = -0.33). The results vsenglar to daily observations made by
caretakers and researchers (personal data) andgdbehavioural studies (Plassais J.,
unpublished data). These observations could beaxga by the fact that Zoé and Léo arrived
as chicks at the same time and were bred togetihereas Shango arrived two years later.

We observed variations of the tolerance index dutine experiment period: it tended
to increase with time. After the experiment the dly#o0-Zoé stayed at the maximum (=1),
the dyad Shango-Léo increased until 1 and finddey dyad Zoé —Shango increased also but
until -0.33 only. This could be explained by théuence of the experiment itself: the birds

learned to cooperate in order to reach the foodlaunsl proximity was rewarded.
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Figure 1: Evolution of the tolerance index acrest sessions

Dyad efficiency

The efficiency of each dyad was evaluated durimgsynchrony and the coordination
experiments. First we observed that the resultge weferent for each dyad: Zoé - Léo needed
less pulling than the Léo - Shango dyad (Holm-Sigask t=2.22, p=0.0301) which was better
than the Zoé — Shango dyad (Holm-Sidak test; t52058.0142). When we look at the results
in relation with the tolerance index of each dylt the tolerance test conducted during the
cooperation experiment), we note a strong coraiait=0.999). The more tolerant the dyads
are, the more efficient they are: tolerant dyadsdnkess simultaneous pullings in order to
reach the baited tray compared with less toleraasoThe same correlations have been found
in other species such as chimpanzees (Chalmeau; M6Hs et al. 2006), capuchins
(Chalmeau et al. 1997), ouistitis (Werdenich & HuB802) and rooks (Seed et al. 2008).
Moreover more tolerant individuals cooperate mdtero(see for instance the dyad Zoé-Léo).
The number of successful cooperation trials obskrice each dyad (Shango- Zoé:13;
Shango- Léo: 47 & Zoé-Lé0:66) is also strongly etated with the tolerance®tr 0.981)(see

figure 3).
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Experiment 2: Partner choice
Experimental setup
We used the same experimental setup as previouslyhis time with two similar

apparatus placed on the tables (see figure 4).

AR | g T Ay

; ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ]
Partner Partner)

Tested bird

Figure 4: Experimental setup of the partner cheigeeriment
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Cooperation test

The three grey parrots tested in experiment 1 @patied also to this experiment.
Individuals were tested in pairs or all togethethwa randomization of the place of each
partner. The tested bird was put at the end otémgral table whereas one or two partner(s)
was (were) placed near the cage(s). We expectetesited parrot to choose his preferred
partner when he had the choice and the apparatbstiva only partner available in order to
reach the food if only one partner was present.ash individual, we made 20 trials in each
situation (3 different situations: only one or bgtartners alternating between left and right

side) i.e. 60 trials in total.

Data analysis

Every session was coded directly. We took into antt¢he choice of the tested bird.
A trial ended when 1) birds just finished eating treward, 2) the individuals lacked
motivation (more than 90 seconds without any behawulirected towards the apparatus) or 3)
birds failed and did not cooperate or chose thengyimage where no partner was present.

We ran two-tailed binomial tests to compare theetksird’'s choice between two

situations (between the two partners or betweerpar@®er and no partner).

Results

In general, our subjects made a correct choicearerthan 78% of the trials, going for
the apparatus where a partner was waiting in dalsplve the task cooperating (as opposed
to choosing the apparatus without a partner aviaijab

When tested with one or two partners availabled Zlways chose to cooperate only
with Léo (P<0.001) and refused to work with Shareyen if he was the only partner

available. In this situation she stayed away frdma apparatus for most of the trials and
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emitted frustration calls. Léo tested with bothtpars chose at random (P=0.824) whereas
when tested with only one partner he behaved eéiffity. He cooperated significantly when
Zoé was the partner (P=0.012) whereas he did mow siny significant preference for the
apparatus where Shango was (P=0.264). Shango tegtedboth partners chose at random
(Binomial test; P=0.824) and when tested with oohe partner he chose significantly to
cooperate (with Zoé; P=0.008; with Léo; P=0.002e($igure 5). During all the trials, the
partner accepted to cooperate excepted Léo ont®f(d0 trials) with Zoé and Zoé in half of
the trials was she was Shang’s partner. We obsdhatdmost of males incorrect choices

were made going on the left side when no partnerprasent (left position bias).

*% % Gk k

100°%

90% ok X%

* —
80% ! | * % B (_Lj f
70% I |

4 Birds' choices
o )
— 60% - 2
_8 W Lleo
w  50% Ozoé
o
[
gn e | B shango
-] @ no partner
g 30% O no participation
[
[-%

20%
0% . . . .
LéofZoé Léof 2oéf  |Shango/Zoé| Shango/ Z2oé/  |shango/Léo| Shango/ Léo/

shango Léo Zoé

Figure 5 : Choices of the tested bird (in %) duttimg partner choice experiment

Léo, Zoé or Shangopartner chosen by the tested bird
No partner: the tested bird went for the apparatus whereanmpwas present
No participation: the tested bird refuse to choose between thepparatus

Chi Square analysis; *:p<0.05; **:p<0.005; ***:p<D1
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Discussion

The probability of cooperative actions to occur Waked to the relationship between
the participants. Indeed the behaviour of Zoé vaassistent with previous experiments as she
displayed partner avoidance toward Shango and catgoke mainly with Léo (Péron et al.
submitted-a). She was probably so afraid of Shajwgm was more aggressive with her
during the testing period of the Experiment 2 tlaming Experiment 1, conducted two
months before) that she preferred to give up heareé than to go near Shango in order to be
able to cooperate with him. Shango and Léo did make a difference between the two
partners. In the previous study Léo cooperated hatih individuals when it was possible and
at the opposite Shango chose all the time the &mparatus whenever he was alone or with a
partner. For Léo it could be explained by the thett he belonged to tolerant dyads and he
could get the food with both partners. Regardingrgo’s behaviour, in this experiment, he
had no other choice than to cooperate if he wattiedcess the reward. Surprisingly, Shango
choose at random between the partners even thoagHeft the testing area in half of the
cases. According to the biological market theorggM Hammerstein 1994), he should have
preferred to cooperate with Léo. Maybe 40 trialshwioé were not enough for Shango to
learn no to choose her, as she cooperated withdoimmg the precedent experiment and in
this experiment she accepted to cooperate withihisome trials when she was the partner,
maybe because in this situation she was alreadgglm front of the cage. Our birds did not
recruit their collaborators and did not even chotise best one contrary to chimpanzees

(Melis et al. 20064a).

Experiment 3: Negotiation game

Material and method

Subjects
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Léo and Shango were tested whereas Zoé did noicipate in this experiment
because of health problems and was brought to anostom where food and toys were
provided during the sessions. The hierarchy betwieenbirds was observed during the

experiment as we coded the agonistic behavioureobirds.

Experimental setup

We used the experimental design with some modifinat Two apparatus differing
from color were placed on the table. We used agamot formula and sunflower seeds as
rewards. One apparatus was baited equally (1:TkBEnd the second unequally (4:0; White)
(see figure 6). A study undertaken previously ia lboratory highlighted the fact that our
birds were able to discriminate between these giet(Al Ain et al 2009). We chose
different color cage backgrounds to help birds akentheir choice when placed at the end of
the table. Thus the first bird (proposer) placedtloa table had the choice and could make
three different proposals. He could wait for thetper in front of the equal tray (thus making
an equal offer) or in front of the unequal trayttms latter case two situations were possible:
either the bird waited in front of the reward (&#ifoffer) or in front of in the empty side
(altruistic offer). The second bird (partner), @dc30 seconds later could accept the proposal
(cooperating with the partner) or refuse it doingptaer offer (going for the other tray for
instance) or just leaving the testing area. Dutimg experiment we observed that Léo was

subordinate to Shango.

Inequity Equity

Figure 6: Experimental setup of the negotiation @dselfish offer)
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Cooperation test and Data analysis

We conducted 80 trials alternating the place ofdhges (and of the reward of the
unequal tray) and the proposer (first individuadgald). Trials were coded directly and we
took into account the first choice of each partbe possible switch of birds’ choices and
finally the outcome of the trial. A trial ended whg) birds just finished eating the reward, 2)
the individuals lacked motivation (more than 90csets without any behaviour directed
towards the apparatus) or failed to find an agreeme which device to use after 90 seconds.

We ran two-tailed binomial test to compare the d$irdhoices between the two

apparatuses.

Results

We observed 66 cooperative actions. Léo choseratora between the two cages
when doing the proposal (Binomial test; P=0.72&);tbnded to do more selfish proposals
when staying in front of the unequal tray but itsweot significant (P=0.302). Shango chose
more often the unequal cage (P=0.036) and made ofter selfish offers (P=0.002) (see
figure 6). Shango accepted all the proposals madeéb whatever the situation was. Léo
accepted all the equal and altruistic offers butlided half of the selfish offers. In these
cases, he refused to go to the apparatus chos8hdngo and in a third of the selfish offers

he made another offer going to the other cagef(geer 7).

71



18 1 —
w 1B -
o
9 14 - .
4 Partner's response
o 12 -
o E Refuse & Negotiate
w10 - — —
2 g ] B Refuse
v
‘E 6 - OAccept & Share
g 4 - OAccept

2 -

0

Equal |Altruistic| Selfish | Equal JAltruistic| Selfish
Léo's offers Shango's offers

Figure 7: Partner’s response according to the malpduring the negotiation task

Accept birds cooperatéAccept & Share birds cooperate and share the rewRefuse cooperation
breakdownRefuse & Negotiate the second bird makes another offer finally ategy the first individual.
Discussion

Birds ended up cooperating, in one way or anotine®5% of the trials in which at
least one of the birds made a proposal. We obsettvatd Shango followed Léo in each
situation because he always managed to accessastt part of the reward threatening
sometimes Léo. During one test, while Léo propamedequal distribution, Shango refused
and went for the selfish situation but as Léo dod move he gave up and came back to
cooperate for the equal reward. During anothet wigere the situation was reversed (Léo
doing selfish offer), Shango accepted and movenh filee equal situation to the other cage.
This flexibility could be explained by the fact tishango always obtained food because Léo
who was the subordinate let him do so. When wolvere tested in the same condition (tray
only baited in one side) only the dominant accesbedfood and in the study conducted in
chimpanzees (Melis et al. 2009) individuals did sloare either. Nevertheless in the case of
the chimpanzees the absence of sharing could Haiesg by the fact that even the unequal
tray was baited on both sides (with different qitees®). We observed that Léo, the

subordinate bird, did not always accept unequalasins. Like chimpanzees (Melis et al.
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2009), our grey parrots (mainly Shango) may hatgbated intentions to their partner
unwilling to cooperate and understood that he woliéve preferred to use the other
apparatus. In previous studies, our birds showetl ey understood that they needed a
partner to get the reward (Péron et al. submiteard also behaved differently according to
the intentional state of an experimenter, unablerovilling to give them food (Péron et al.
2010). Therefore, it is possible that the parratdarstood the conflicting interests between
their partner and themselves, and in order to nkaay food at all they would change their
offer. Nevertheless we can also consider a lessittogly demanding explanation such as
going where the partner is because success istmradi by the presence of two individuals.
We observed that both birds had a left positios & out of 66 cooperative actions occurred
on the cage placed on the left side). Neverthaelessto the fact that cages’ positions were
counterbalanced and also because birds could sulikein choices, we observed that in
general birds succeeded. This left position biagdcexplain why Léo made no difference in
his offers choosing at random between the two cagesalso why birds made sometimes

altruistic offers.

General discussion

We observed that among our three grey parrotscabgerative dyads where not all
equal and some performed better than others. Toleapility of cooperation to occur, the
efficiency of the collaborators and outcome of thé&raction was correlated with the
tolerance index between the two participants. ks (&chuster 2002; Rutte and Taborsky
2008), the studies revealed that the outcome ofctiaperation itself influences the next
successful cooperative attempt, here we obsenadttherance index increased across the
testing period, probability because of the fact firaximity was rewarded (during successful
cooperation actions). During the experiment in Whibe parrots had the choice between

different partners we found that tolerance alsoygidiaa role. The hierarchy and previous
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interactions (agonistic) influenced the probability the cooperative action to occur. Bird
personality may also influence the results as & been observed in rooks (Scheid & Noé
2010) but our small number of subjects impededaadllysis. In this study, the three grey
parrots were able to coordinate according to tlaiapdisposition of the experimental setup
and also to adapt to the social situation. Durhmg éxperiment we also observed unexpected
behaviours suggesting that birds understood the ablthe partner. Indeed, each individual
had the opportunity to see their nearest neighbefusing to cooperate or going for the other
apparatus. Then during different sessions, eachjbmped once from a table to another in
order to go to the right place to solve the tagik mach the food (see supplementary data). In
this study we bring evidence that psittacids digdlaxible behaviours according to the
physical and social environment. Consistently wifevious experiments conducted on
cooperation tasks, we did not observe any overtncomcative gestures or soliciting
behaviours that could have helped to coordinatsobre the negotiation. Chimpanzees also
did not communicate in the study in which they kadoordinate their conflicting preferences
(Melis et al. 2009). Our two males were able toveopeacefully unfair situations;
nevertheless they continued to make selfish oftéas.from being altruistic in these artificial
tasks, they managed to maximize the payoff whilepeoating and sharing the reward. We
observed that our grey parrots were able to adafiid situation so that finally cooperation
did not break down. Thus, studying the abilities tbése three birds to solve artificial
cooperative tasks bring some answers about the gvay parrots manage their social
interactions. Nevertheless it would be necessaryceaduct experiments with more
individuals and groups in order to explore the widage of their skills. Indeed, in
chimpanzees for instance the number of cooperatctiiag together vary according to the
social group (Boesch 2007). Other studies conduntedifferent species (keas, macaws,
budgerigars) with more individuals suggested alsat tthe quality of the relationship

influenced underlying cooperation mechanisms (Teblet al. 1996; Huber et al. 2008;
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Spitzhorn 2009). Several hypotheses could explag because of their life history (reared as
siblings, living together) maybe birds tried to alaonflicts. The valuable relationship

hypothesis (Emery et al. 2007) and the toleratesft thypothesis (Blurton Jones 1984)
propose that the cost to defend the resource igebithan the cost to lose part of it.
Furthermore, here we are studying long living aéntiaat would have many opportunities to
reciprocate (even not voluntarily), explaining maykwvhy cooperative actions exist in

psittacids. Nevertheless, it could be also posdiblexplain the behaviours observed in our
experiments as mutualism. Indeed, individuals cdwdsle acted for their own interest and
because of our experimental design this could Hagteto cooperation. In the same way,
mobbing events could be explained by similar indlieil motivations leading to group actions

but without any reciprocal involvement.
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Article 3: Cooperative problem solving in budgerigas (Melopsittacus undulatus
Péron F, Liévin A., Colléony A., Nagle L. & Bovet D.

Soumis éBehavioural Processes

Probléme biologique

Dans le cadre d’'une vie en société, les animauk amenés a interagir frequemment
avec de multiples partenaires, surtout si leur eéu@ vie est longue. Les individus peuvent
étre amenés a coopérer afin de pouvoir accédee aassource que seuls ils ne pourraient
obtenir. Nous nous sommes donc intéressés a lpacité a résoudre une tache artificielle et
a la maniere dont ils y parvenaient.

Hypothese

Les oiseaux vont réussir a se coordonner pour poaecéder a la nourriture. Les
relations entre les individus (partenaire sexwdhtion de dominance) vont conditionner les
tentatives d’action conjointes.

Méthodes

Deux categories de dispositifs ont été employéegremier nécessitant I'action d’'un
individu sur un levier pour qu’'un autre puisse a@&é la recompense (dispositif & bascule).
Le deuxiéme dispositif ou une ficelle coulisse e@ump lequel seules les interventions
simultanées permettent de déplacer et d’atteirsdrédompense.

Résultats

En majorité les oiseaux ont interagi seuls avec degpositifs, les actions de
coopérations réussies étant peu nombreuses. Awlisdesitif a bascule nous observons que
les individus qui se placent au niveau du leviert &m général les subordonnés. Les juvéniles
utilisent plus le dispositif que les adultes. Legdks formées sont multiples et nous
n'observons pas de préférence sociale chez le@ddi prenant part a des actions conjointes.
Les oiseaux ne parviennent pas a attendre le pamten

Conclusion

Les perruches parviennent a résoudre les taclpemdant nous n'avons pas observé
d’éléments permettant de conclure a une réelle oé&mepsion de la tache ni a une prise en
compte du réle voire de la présence d'un partenaire
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Abstract

Cooperation is one of the key elements defining drsocieties; nevertheless other
animals are able to display this complex behaviggcording to some authors, hypothesises
considered to have favoured the emergence of sotéligence in primates can be extended
to some bird species such as corvids and psittaBidvious studies conducted in psittacids
show that these birds display complex cognitivelitsds. Indeed, they are able to act
complementarily but also to use social manipulationachieve their goal. In this study,
thirteen budgerigardMelopsittacus undulatiisvere involved in two different artificial tasks
in order to explore their ability to cooperate aychronize. In the first experimental setup
(seesaw apparatus) one bird has to perch at onenett so that a partner could reach the
food at the other and in the second setup (codperstring-pulling task) two budgerigars had
to pull a string simultaneously in order to readbaéted tray. Budgerigars were able to display
flexible cooperative actions but the birds triedsmve the task on their own as much as
possible and mostly failed to synchronize. Thusclear evidence was found of intentional

reciprocity or even partner’ role understanding.

Keywords: Psittacids, budgerigars, coordinationpperation, social cognition
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Introduction

Cooperation is one of the key elements defining &mursocieties; nevertheless other
animals are able to display this complex behaviStudying proximal mechanisms that can
be shared by species independently to the phylogenyd lead to discover convergent
evolution processes. The primary cognitive aspeeblved in a cooperative action is the
comprehension of the partner’ role (Noé&, 2006).eDthactors such as hierarchy, tolerance and
affinities between individuals influence the prothip of cooperation to occur and also the
performance of the dyad. The Social Brain Hypothesiggests that individuals living in
social groups have to manage complex social inierec (Joly, 1966; Humphrey, 1976;
Byrne and Whiten, 1988; Dunbar, 1998). The Relatgn Intelligence Hypothesis (Emeey
al., 2007) predicts that complex social life andgderm monogamous partnership lead to
elaborated socio-cognitive abilities. Thus, corvalsd psittacids would represent a good
model for social cognition studies. Indeed, recuaties highlighted in these birds cognitive
abilities as complex as those observed in prim@giesery and Clayton, 2004; Pepperberg,
2006) and also similarities in their neurobiologyg( ratio brain/body size; lwaniuit al.,
2005) and socio-ecology (e.g. fission-fusion dyr@mniong lifetime, long juvenile period,
etc). Budgerigars Melopsittacus undulatysform stable monogamous couples over the
breeding seasons and both parents take care ahtbles even if the female invests more
(Cockburn, 2006). Male regurgitate during the bnegdseason and mated birds display
allopreening. Budgerigars join in groups of moranthl.000 individuals (Juniper, 1998;
Luescher, 2006). In budgerigars extra-pair copoetiare not rare and one study revealed the
fact that birds understand pair-bond relationsimg are able to deceive a conspecific, doing

more extra pair copulations when the mate is abl@&aitz & Clark, 1997). All these elements
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taken together raise the hypothesis that budgerigavuld have the cognitive abilities

necessary to manage complex social relations acddperate together.

Experiments conducted in psittacids already revktilat these birds are able to solve
artificial cooperative tasks, adapting their bebavito the social environment: keas use their
partners as tools and display social harassmerartbwubordinate individuals in order to
maintain cooperation: dominant birds forced themspecific to perch so that the reward was
accessible (Tebbich et al., 1996). Another studvdoeoted recently in Green-winged macaws,
using a seesaw apparatus (one bird perching axtaegrety, the producer, so that a partner
can reach the reward, the scrounger), revealedhbgtwere flexible in their behaviour and
that the quality of the relationship was likelytte responsible for the underlying mechanisms
of cooperation (Spitzhorn, 2009). In grey parrdtgp individuals faced a tray with food
rewards placed out of reach and both have to jpmililsaneously the string in order to get
access to the reward. Birds were able to coordittede actions and behaved differently
according to their relationships (Péron et al., nsittied-a; submitted-b). Several studies
revealed that tolerance impact directly on the auke as more tolerant dyads obtain better
performances (Capuchins: Mendres and de Waal, 2flifjpanzees: Melis et al., 2006b;
bonobos: Hare et al., 2007; rooks: Seed et al8;20@y parrots: Péron et al., submitted-b). A
recent study also highlights that rooks’ temperamafiuences the success of the dyad:
bolder individuals appear more willing to solve tlask whereas shyer individuals are more
influenced by their partner's behaviour (Scheid awodé, 2010). The outcomes of the
cooperation itself influence the next successfubpewative attempts as described in rats
(Schuster, 2002; Rutte and Taborsky, 2008). Cotltvee solutions of instrumental tasks
depend on the cognitive competences and the saoiadlitions (Huber et al., 2008).
Nevertheless, in order to maintain this behaviawoss the evolution process, joints benefits
coming from joint actions are necessary. Recerdissurevealed that wolves (Moéslinger et

al., 2009), hyenas (Drea and Carter, 2009), roSkeeq et al., 2008), grey parrots (Péron et
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al., submitted-a) and macaws (Spitzhorn, 2009) vadie to relate their action in time.
However, studies on capuchin monkeys revealedttiegtwere able to solve the task without
any understanding of the partner’s role (Chalmeaal.£1997; Visalberghi et al., 2000). This
behavioural response could be defined as similgdgesch and Boesch, 1989) or co-
production (Petit et al., 1992) when individualahthe same goal but act simultaneously
only by chance. In a study conducted with brownucams, the increase in gazing at the
partner was taken as a criterion for highlightihng tomprehension of cooperation necessity
(Mendres and de Waal, 2000). However, due to tlaoamy of psittacids, gaze direction is
difficult to evaluate. Delay tests have been uradamh in chimpanzees: in the study conducted
by Melis et al. (2006b), individuals were able taitnfor the partner’s arrival before starting
to pull. Seed et al. (2008) realized the same éx@at on rooks but, contrary to
chimpanzees, corvids were not able to wait for gnea and in the study with three grey
parrots, although all birds pulled more often ia firesence than in the absence of a partner,
only one bird learned to wait for the partner (Péet al., submitted-a). In the present study,
budgerigars were tested first on cooperative stpmigng task. Thus budgerigars were tested
on their ability to synchronize which meant to urstiend the necessity of a partner and to
wait for him in order to succeed in the cooperattask. Secondly we conducted an
experiment with a seesaw apparatus similar to tieeused by Tebbich et al. (1996) with keas

or Spitzhorn (2009) with macaws.

The aim of the study was to assess if these speotes able to solve artificial
cooperative tasks and if so, how they would mamtaioperation when each action provided
asymmetrical outcomes (for the seesaw apparatudi).thé seesaw apparatus two birds were
expected to coordinate in order to reach the rewamd acting on the device and the other
collecting the food. We expected that they wouldptiiy reciprocal altruism, operating

alternatively the device, so that each bird coalteive some reward. In the cooperative string
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pulling, birds were expected to understand the obltheir partner and thus to wait for him

and then to pull the string together.

Material & methods

Subjects

Thirteen budgerigars, seven adults (two-years4blicke males and four females) and
their six juveniles (six-months-old, four males atweb females) were tested. They were
housed together in a cage (118 x 50 x 300 cm) geaviwith several perches and toys at a
constant temperature (about 22°C) and at a 10h/lightrdark cycle. They were fed with
seeds (Beyers Deli Nature Budgie), parrot pelletasriison, high potency fine) and received
every day fresh fruits & vegetables. They were fdegrived for two hours before each test.
Water was availablad libitum and vitamins (Muta-Vit Versele-Laga) were givencdava
week. The birds were completely naive to any kihgroblem solving tasks as they had never
been tested before. We determined the dominanéeusing the CBI (Clutton-Brock Index)

as described in Clutton-Brock et al. (1979).

Experimental setups

Loose string paradigm

A flat rectangular cardboard tray (8 x10 x 2 cm)tdsh with food (millet) was
enclosed in an adjacent part of the cage impediragtdfood access. A piece of string was
threaded through metal loops placed on the trahatoboth ends of the string extended out of
the cage for 6 cm through a hole. A transparertdtiglaheet was placed in the upper part of
the hole allowing birds to see the baited tray.liRgilonly one end of the string was
ineffectual because the string would become untle@avithout moving the tray. Birds could

move the tray only by pulling simultaneously botidg of the string (see figure 1).
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Figure 1

Seesaw apparatus

A transparent plastic tube (diameter: 5 cm, heidlt:cm) was fixed on a wooden
platform (15 x 10 cm) and the reward (millet) pldéeside could move thanks to a lever (15
cm). Thus a bird (producer) had to perch in ordemove up the reward, then a second
individual (scrounger) perched on the edge of taesparent tube could easily reach the food

(see figure 2).

Figure 2

Statistical analysis

We ran Spearman rank order correlation to assegsngraction between the rank

and the cooperative actions, Pearson correlatiorasgess any interaction between the
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participation in both tasks and Chi Square analys&svaluate the influence of the sex and the
age of the individuals on the formation of the dyaohd also the distribution of the roles

among the reciprocal dyads.

Procedure

All the individuals were able to access the diffd¢rapparatus at any time during the
testing period. We made 24 training sessions ab#ggnning and then five training sessions
every month in which both ends of the string wettached so that one individual could
succeed alone. After the first 24 training sessioves conducted 60 trial sessions for each
device in three months, with sessions of 30 minpwsday. The cooperative string pulling
sessions and the seesaw sessions overlapped dudngonths and during the overlapping
period we made one session in the morning and rottieei afternoon alternating the devices.
For each session all the birds were free to cont iateract with the devices. For the
cooperative string pulling task we recorded whidhdd dealt with the device, if their
behaviour where simultaneous, if they were abledd for a partner and finally the result of
the action. For the seesaw apparatus we recordeth Wwind dealt with the devices, which one

obtained the food (recipient), which one operabedi¢ver (producer).

Results

The cooperative string-pulling task

Training sessions made with both ends of the sattarhed revealed that birds
were able to pull the string in order to accesshiaiged tray. Nevertheless we observed that
not all the individuals tried. Indeed, one bird eeyulled the string during training or trial
sessions (Deadline) and only eight budgerigarsesdad in the task. During the test sessions
we observed in total 250 individual attempts anty @ cooperative actions made by ten

different pairs of birds (between one and fifteem @yad). Three birds took part in only one
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dyad, but the five others participated with differ@artners (until six different for Eugénie).
In general budgerigars did not wait for a partneat aooperative actions occurred by chance
when at least two individuals were pulling at tlaeng time. Mostly juveniles interacted with
the device (61% of the cooperative actions) (sd#eld). We did not notice any effect of age,
sex (Chi Square, ddf 4°=3.125, p=0.537) or status (Spearman, N=&3).250, p=0.415) on

the performances (see Figure 3 & Table 1).

The seesaw apparatus

We observed 541 solitary actions (415 on the cgiinahd 126 on the perch), 344
cooperative actions made by 32 different pairsdmly 288 successful cooperations. Indeed,
some cooperative actions - meaning that one birched so a partner could reach the food-
failed when the perching bird left his position tearly. We observed that in eight of the
dyads, individuals played both roles but not in@quroportion (Chi Square analysis, ddf 7;
v*=26.15, p<0.001). Budgerigars associated in 42%h@fotal possible combinations. Three
individuals never went on the cylinder (Déclic, [doh & Eliott) and one never perched
(Deadline). Only one female never interacted with apparatus (Dora). Each dyad made
between 1 and 87 cooperative actions with an aeexgll actions. Mostly juveniles
interacted with the seesaw (70% of the actions).fo\lad a negative correlation between the
rank and the frequency of presence on the cylindieminant birds occupied more often the
cylinder place (Spearman rank order correlation1l®== -0.589 p= 0.0416). Nevertheless
we did not observe any social manipulation strateggh as harassment as it was the case
with keas (Tebbich et al. 1996) (see Table 1). Age sex did not influence the formation of
the dyad (Chi Square, ddf 4°=3.710, p=0.447). We observed that birds who actede
often on the perch also participated more in caatper string-pulling task (Pearson

correlation: N=13;4=0.722, p=0.00536) (see Figure 3 & Table 1).
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Figure 3: Number of actions on each device

Eank [Individual |CEI Pair | Cylinder | Perch CsP
1 Eugenie 3,86 A 147 5 17
2 Dora 312 B 0 0 0
3 T)éhire 1,40 C 53 5 2
4 Daisy 1,23 D 73 13 0
5 Enac 0,99 E 3 144 23
& Deadlime |0.93 F 3 ] ]
7 Finstzin 0,88 F 3 8 3
8 Donald 0,85 D 0 4 2
G Eliatt 0,66 A 0 6 0
10 |Buclide 0,64 1 1 16
11 Décalca 0,62 C 14 b 5
l2  |Eriod 0,60 E 47 112 18
12 |Déckc 0,56 B 0 27 [

Table1

in roman: adultjn italics: juvenilg in bold: female
CBI: Clutton-Brock Index
Pair: couple (already bred together) or affiliathehaviours (sexual display, regurgitation)

Cylinder, perch & CSP (cooperative string-pullingtmber of successful actions on each device.



Discussion

Budgerigars showed their ability to cooperate ideorto obtain food but we obtained
few evidence that individuals understood the rdigheir partner (Chalmeaat al, 1997,
Visalberghiet al, 2000) and thus their actions could be considesecbaproduction (Petit et
al., 1992) or similarity (Boesch and Boesch, 1989)ese tasks (vertical tube and seesaw
apparatus) seemed to be intuitive as individualddcesee at any time the reward and the
mechanism to reach it. Mendres and de Waal (20@@)laeded that capuchins did not succeed
in a prior cooperative study (Chalmeau et al., 199&cause the task was not intuitive.
Contrary to capuchins (Brosnan et al., 2006) pahie tended to alternate do not participate
In more cooperative actions. This could be exphhing the fact that birds did not take turn in
a same proportion in each action. We observedlihdgerigars were more flexible in the
formation of the dyad than the macaws tested Wiehdame paradigm (producer/scrounger)
(Spitzhorn, 2009). They were also younger so mayle®r activity was correlated with
playing behaviour and environmental explorationnmacaws, the authors found that nearly
exclusively pair mates acted cooperatively and inasie pair reversed their roles. If birds
reverse their role regularly, thus costs and be&nafiay in balance (‘reciprocal altruism’,
Trivers, 1971). Individual recognition, stable gpoand long lifespan are requirements for
reciprocal acts. Boyd and Richerson (1988) addatgioup size has to be small. In our birds,
all these requirements were fulfilled and we obedreooperative actions between related and
not related individuals, nevertheless we did natepbed any reciprocal altruism during our
testing period. Reciprocal interactions have beleserved in birds during mobbing events
(Krams et al., 2008) and their frequency increasbdn the predation risk increased (Krams
et al., 2010). Thus external factors could preseurthe probability of the cooperative actions
to occur. Here our birds were food deprived for twoars maximum and this may not have
motivated them enough to cooperate. At a simphezllef explanation, we could also propose

that cooperation actions were randomly displayedidg®rigars did not manage to
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synchronize. They cooperated but there was no eea@leof intentional underlying
mechanism. Apparent reciprocity could appear whenprobability of co action increased. In
general, budgerigars are very fast in their actiand their failure in this task could be
explained by either difficulties regarding self-tah (as found in grey parrots; Vick et al.,
2009) or by an absence of comprehension of thengrarble. As we found a correlation
between the social status and some specifics @skpared to others (dominant are more
likely to monopolize the position where the foodlwe available), it seems that, like in rooks
(Scheid and Noé&, 2010) the personality of the iwdials impact directly on their

performances.

We observed some times that the actor stoppeddtisnawhen some conspecifics
approached the food locations (the same with keab€H et al., 2008) and the macaws
(Spitzhorn, 2009)). Thus birds could have attridutdgentions to their partner: they wanted to
take the food. A recent study conducted in greygisrevealed that they adapt their actions
according to the behavioural cues of a human exygrier unable or unwilling to give them
food (Péron et al., 2010). Blurton Jones (1984)ppsed the tolerated theft hypothesis in
which he suggested that sharing may occur whercases of defending the food is higher
than the benefit gained by the food. The shareetitsrby sharing but also he avoids conflicts
(and potential injuries) or possible weakeningh& partnership and a following loss of social
status (Emery et al., 2007). Here, we did not oleseoluntary sharing, nevertheless birds
were able to receive indirect profit as the scraurgrd (perched at the edge of the seesaw)
often dispersed part of the reward while collectigypart. In a study conducted with keas the
authors observed that when the researchers swigctotm of the reward (from buttered twigs
to butter pellets), then birds stopped cooperatiagno more indirect profit was possible
(Federspiel, 2006). Like in grey parrots (Péroralet submitted —a, submitted —b) or even
chimpanzees (Melis et al., 2009) we did not no&ing recruitment attempt (vocalization or

gesture). During this short experiment (three mentlve observed mainly involuntary
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cooperation actions as birds tried on their own tnodsthe time. Even though parrots are
known to cooperate during mobbing events for instathere is no ecological relevancy to do
so regarding foraging behaviour due to the enviremtia conditions, contrary to chimpanzees
who display hunting behaviour (Boesch and Boes®89) Maybe testing cooperative

breeding parrot species could lead to differentitesas it was the case in callithricidae
species (Snowdon and Cronin, 2007). It could be pisssible that birds learn across longer
period the potential advantage to cooperate. Herehserved that birds’ behaviour could be
considered as mutualism as they acted for their iovemest and sometimes, according to the
social situation (birds’ motivation, partner proxiy) cooperation appear as a by-product of

their behavioural flexibility.
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Article 4: Do psittacids take others’ welfare intoaccount?
Péron F.,Colléony A., Liévin A., Nagle L. & Bovet D.
Soumis dAnimal Cognition

Probleme biologique

Dans la nature, les perroquets se comportent gaitomaniére altruiste ou prosociale.
Ainsi les méles régurgitent de la nourriture auxddles durant la saison de reproduction. Les
oiseaux au sein d’'un couple se toilettent mutuedleimLes oiseaux semblent donc sensibles
au sort de leurs congéneres et plus préciséemeitidde leur partenaire.

Hypothese

Les oiseaux vont profiter de I'occasion pour apgomne récompense sans codt
supplémentaire a leur partenaire. Des différenpparaitront en fonction de la relation entre
les participants : les oiseaux en couples étanpasés étre plus attentifs au sort de leur
partenaire.

Méthodes

En utilisant le principe de I'échange de bouchamte espéces de psittacidés ont la
possibilité de récompenser sans colt supplémentairgartenaire (partenaire sexuel ou
individu de la méme couvée). Les oiseaux sont destédyade et ont le choix entre trois
bouchons associé a des récompenses différentas r&mpense, récompense uniquement
pour I'individu testé (égoiste) ou récompense pesrdeux oiseaux (prosocial). Dans une
seconde expérience, le bouchon prosocial procuite us® récompense égale pour les
participants soit une meilleure récompense pogahktenaire. Dans une derniere expeérience,
un des oiseaux doit transmettre le bouchon a sder@are qui a son tour doit I'apporter a
I'expérimentateur afin de recevoir la récompense.

Résultats

Les oiseaux apprennent rapidement a ne plus prel@rbouchon qui ne les
récompense pas mais par contre ils ne semblentapasde différence entre celui qui les
récompense eux seulement et celui qui permet deétesnpenser en méme temps que leur
partenaire. Les individus testés ne tiennent paspt® du sort de leur partenaire y compris
quand ce dernier recoit une meilleure récompenssugules perroquets ont coopéré pour
transférer le bouchon mais le premier individu @isih n’a pas tenu compte du sort du
partenaire et par conséquent ce dernier s’est gmaogticent & poursuivre la coopération.

Conclusion

Les oiseaux ne se comportent pas de maniére patsatans une tache artificielle
contrairement a ce qui peut étre observé a I'éthaitral.
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Abstract

Prosociality- that is, behaving in a manner thavjaes benefits to another individual,
either at some or no cost to oneself, have beatiestun chimpanzees and callithricidae
species but other species may also display prdsoeleaviour toward their conspecifics. We
evaluated the behaviour of three African grey par@@sittacus erithacys two blue-throated
macaws Ara glaucogulari, two scarlet macawsAfa macad and two sun parakeets
(Aratinga solstitialig, tested in dyad, in an experimental situation nehthey had the
possibility to reward a partner at no supplementast. The tested bird could choose between
3 different tokens associated to different valuest (no reward), selfish (only the tested bird
receives a reward) and prosocial (both the testeldand his partner receive a reward) tokens.
The birds stopped choosing the null token but dt take into consideration their partner
welfare as in general they did not make any diffeeebetween the selfish and the prosocial
tokens. In a second study we tested the three gaewts by changing the value of the
prosocial token in half of the trials, thus cregtinequity: the partner received a better treat
than the tested bird. We observed that our padidteot change their preferences and did not
react to the unequal situation. In a third stueyg #African grey parrots had to cooperate in
order to receive a reward. One bird had to chods&en and give it to the partner who could
decide to bring it back or not to the experimeintesrder to receive the associated reward. As
the first bird did not develop a preference for gesocial token, the second bird stopped
bringing back the selfish token to the experimenatad finally the frequency of cooperation

events decreased.

Keywords: psittacids value attribution, token exchange paradigm, codjmaraprosocial

behaviour, parrots.
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Introduction

Altruism is highly valorised in humans and is a kagredient of human morality.
However, it is also found in animals in many taxasleast in its functional definition — that
is, costly act that confers benefits to others rdigas of reward prospects. However, as stated
by de Waal (2008), discussions of altruistic bebavtend to suffer from a lack of distinction
between function and motivation : an action isezhllaltruistic” if it benefits a recipient at a
cost to the actor regardless of whether or notattter intended to benefit the other. Indeed,
when animals are studied in natural conditionsisitoften difficult to know what their
intentions are. If a subject gives food to anoter because it cares for the other’s welfare,
or because ultimately it will enhance the subjefitisess, and hence this behaviour was
selected during evolution? Although these explamnatiare of course not exclusive, since
other-regarding preferences can be selected becdtirsately they will enhance individual
fitness (as it may be the case in primates, inolydiumans, according to de Waal), many
animal species may behave altruistically becausebhaviour is genetically predetermined
and not because they really want to help their gpecifics. When subjects are tested in
artificial settings, it is possible to study indivial motivation to give food to a conspecific. As
real altruism (giving something at a cost) is metjiently found, most experiments study pro-
social behaviour, that is, behaving in a mannet pnavides benefits to another individual,
with little or no cost for the subject. Such praisd preferences are found in humans but also
in cooperative breeding species (ouistitis: Burlaral. 2007, cottontop tamarins: Cronin et
al. 2010). Thus researchers thought about a coameryolution process until recent studies
which revealed that non-cooperative breeders suatapchins (de Waal et al. 2008;
Lakshminarayanan et al. 2009), bonobos (Wobbdr 2040), chimpanzees (Warneken 2007)
or even despotic species such as macaques (Masaker2@10) display food provisionning.
This led to the suggestion that prosociality is ancestral trait among primates

(Lakshminarayanan et al. 2009). Nevertheless &tpecies display prosocial behaviours so
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that maybe we have to consider an alternative Ingsid that prosociality evolved in several
different taxons according to their social and emvmental conditions.

Token exchange paradigm has been tested mainlpmihmman primates (capuchins
and great apes) to test value attribution (Westethet al 1998; Sousa & Matsuzawa 2001;
Brosnan & de Waal 2004a), quantity discriminatidwaldessiet al 2008), foraging strategies
(Addessiet al 2010), other regarding preferences (de Waahl 2008), inequity aversion
(Brosnan & de Waal 2003; Fontereital 2007), social learning (Brosnan & de Waal 2004b),
barter (Westergaaret al 2007) and cooperation (Dufoat al 2009; Pelét al 2009; Pelét
al. 2010). Most of the experiments consisted in exgharbetween individuals and human
experimenters and only few were conducted studyexghange between conspecifics
(Westergaard et al. 2007; Dufour et al. 2009, Ralél. 2009; Pelé et al. 2010). Other
regarding preferences were also tested using catiypertask (two individuals working) or
pull bar task (only one animal working) and prosbd¢endencies were found in common
ouistitis (Burkartet al 2007) and capuchins monkeys (Lakshminarayanan &oSa2008).
Contrasted results have been found in cottontojutizust according to the experimental setup
the individuals displayed or not prosocial behavi@@roninet al 2009; Cronin et al. 2010).
Only one recent experiment on chimpanzees shoveatdhay displayed prosocial preferences
(Brosnanet al 2010) while previous studies did not bring evideontesuch preferences in
chimpanzees (Sillet al 2005; Vonket al 2008). Looking at their ability to maximize the
payoff — that is to adapt their behaviours to thetner and to the most profitable situation,
researchers found that chimpanzees did not exchidwegetokens as efficiently as possible
(Brosnan & de Waal 2005) and did not develop cgam reciprocity (Brosnaat al 2009).
They did not spontaneously take turns in a recgdroooperation task (Yamamoto & Tanaka
2009) and only the study of Melis et al (2008) fdum weak effect of the partner previous
behaviour. They have some difficulties to tradehvat partner (Brosnan & Beran 2009) and

when exchanges were successful it was only indjréPelé et al. 2009). Pelé et al. (2010)
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also found that interactions were not reciprocal amkean macaques. Regarding capuchins,
controversial findings were made: Brosnan & de Waab4a) and Pelé et al. (2010) found
that they were not able to display reciprocal iat&pns, contrary to the results of other
studies (Hattori et al. 2005; Brosnan et al. 20@)e experiment conducted on cottontop
tamarins revealed that they were able to recipeoadavour (Cronin & Snowdon 2008).
Non-human primates have been tested due to thexirpity with humans in the
evolution process. Nevertheless, others species sbhmplex social life, developed cognitive
abilities and elaborated behaviour like corvidspsittacids. The ‘Relationship Intelligence
Hypothesis’ (Emenet al 2007) predicts that complex social life and loagrt monogamous
partnership lead to great socio-cognitive abilitignilar to those encountered in primates.
Indeed, recent studies highlighted that cognitibgitaes of these bird species were complex
and similar to the abilities observed in primatesgperberg 1999; Emery & Clayton 2004).
In parrots, males regurgitate food to females durthe breeding season. This food
provisioning during a long period and the long-teamd exclusive bond between sexual
partners are not found in primates even thoughetBpecies are able to share food (capuchin:
de Waal 2000 attudinal reciprocity in food shariegmmon ouistitis: Kasper et al. 2008;
cotton-top tamarins: Hauser et al. 2003). Regardmgnpanzees the exchange of meat for sex
(Gomes and Boesch 2009) is controversial (Gilbgle010) nevertheless they are able to
reciprocate food sharing (Jaeggi et al. 2010) dlodraoming (Schino & Aureli, 2009). Birds
display also mutual interactions such as allopregnAfrican grey parrots are social birds
living in large flocks. They join during mobbing ents (Jones & Tye 2006). They possess
developed cognitive abilities (Pepperberg 1999) aredable to cooperate in artificial tasks
(Péron et al submitted-a; submitted-b) and to adapt their raspoaccording to the
experimenter’ intentions (Péragt al. 2010). In order to increase the probabilityfind a
psittacid species displaying prosocial behavioue, @nducted the experiment on several

different species. We also wanted to compare plessiluence of the relationship quality on
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the behaviours studied. Indeed, birds maybe hawe cansideration for the conspecific they
grow with (siblings) or mate with (sexual partnel). capuchins for example, prosocial
tendencies increased with social closeness (de ¥¥ahl 2008).

In the first experiment, four different parrot sjgscwere tested on their propensity to
reward at no supplementary cost a partner by chgasie token among the three available: a
null, a selfish and a prosocial token. Tokens aheiently non-valuable objects that acquire
an associative value upon exchange with the expaten (Addessi et al. 2008). So the
guestion was: do parrots prefer outcomes that bhemgdartner over outcomes that do not,
everything else being equal? Do they take otheedfare into account?

We expected that the relationship between the bualsld influence their behaviour.
According to their tolerance and also previousraxtBons they could be more or less willing
to reward their partner. Macaws and parakeets tested with their mate or their sibling thus
we hypothesized that they would show other reggrgireferences. Our grey parrots had
different relationships within the group. Two iniuals (a male and a female) were very
tolerant to each other as they were hand-rearedthieg whereas the third one (a male)
displayed sometimes aggressive behaviour towardfdhmale. Thus, we thought that the
quality of the relationship could impact on othegarding preferences. In the second
experiment conducted with African grey parrots onlye evaluated the behaviour of the
tested bird in unfair conditions in which the partneceived a better treat when the tested bird
picked up the prosocial token. Thus, birds wereeetgd to develop a preference for the
selfish token or to stop participating. Indeedaiprevious experiment two of them showed
that they tended to be selfish when the reward asgsnmetrically distributed (Péron et al.
submitted-b). Two grey parrots participated in thed experiment in which they had to
cooperate. A bird had to pick up one token and givwe the partner who could decide to
bring back or not the token to the experimenteoruter to receive the associate reward. The

grey parrot who had the possibility to choose betwihe three tokens was expected to adapt
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his choice to the behaviour of the partner whicramiepicking the prosocial token so that

both animals would be rewarded and the secondtpaowd continue to cooperate.

Study 1: Other regarding preferences in psittacids
Material & method
Subjects

We tested three hand-reared African grey parrats: hales (Shango and Léo, four
and six years old respectively) and one female (Bpéyears old). They hatched in captivity
and arrived at the laboratory (LECC) at three merdlld. They were housed together in an
aviary (340 cm x 330 cm x 300 cm) with three talflE80 x 60 x 75 cm), two large perch
structures and many toys, at a constant temperafu26°C and a 12/12 h light-dark cycle.
The parrots were tested in their aviary by paird dnring a test session, the subject that was
not tested was placed in a cage in the corriddn f@dd and toys available. Parrots were fed
everyday with fresh fruits and vegetables in themmyg and parrot formula (Nutribird A21)
in the evening. Water and parrot pellets (Harridugh potency coarse) were availakle
libitum and vitamins (Muta-Vit Versele-Laga) were givenicsva week. We tested other
species in the ‘Ferme de Conservation Zoologiqae\wo-year-old couple of blue-throated
macaws Ara glaucogulari$, a ten-year-old couple of scarlet macawsa(macad and two
one-year-old male siblings sun parakeétsinga solstitiali3. The sun parakeets were hand-
reared together and then shared a cage with serottamily members. ThAra macao
already reproduced together but thra glaucogularisnever bred together before and were in
couple just for one year. We observed regurgitatbetween both couples members and
Shango also regurgitated to Léo several time dutiegtesting period. Birds were living in
aviaries (indoor: 2 x 2 x 2m & outdoor: 5 x 2 x 2amd fed with seeds (Verse Laga Premium)
and parrot pellets (Verse Laga P1&) libitum and fresh water, fruits and vegetables

distributed every day. All birds have been testetheir aviary, outside the breeding season.
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As the subjects were free flying parrots, all test tsessions were based on their motivation.

Indeed, they could leave at any time and perciwélsee in the aviary.

Experimental setup

We used the token exchange paradigm in which bieds to choose an object (by
touching it or bringing it back to the experimeiter order to receive the associate reward
(see Table 1). Parrots were not food deprived amdised peanuts as reward for the macaws
and the parakeets and sunflower seeds for thepgmegts. Birds were tested in dyads and in a
session we made ten trials with one bird beforachivig to the other bird. We made twenty
sessions with each dyad and we conducted two tigmstiof the experiment using different
sets of objects for each individual tested. We iableid for any bias linked to colour or shape
(when this latter was also differing): token prefezes were tested before training to make
sure that certain colors/patterns were not preflesker others. All tokens were presented side
by side on a tray, and birds could interact fre@lth them. Each subject was offered 10
choices, and if any token was chosen eight timeaare the token would be replaced. Birds
were familiarized with new objects and learnedaach (for the macaws and parakeets) or to
bring back the object (grey parrots). We recordeel ¢hoice of the tested bird and the
behavior of the partner (vocalization and movemewthen the tested bird chose the null
token the experimenter removed the tokens and stbpyeracting during six seconds and
when the bird chose one of the two others the @éxjetter removed the tokens at the same
time he gave the reward. The next trial startedradfte time out or when the parrots stopped

eating.

Eeward distnibution
Tested bird | Partner

Value attnnbution

Ihall 0 0
=elfish 1 0
Prozocial 1

Table 1: Reward distribution according to the valfithe token
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Statistical analysis
According to the result of the normality test, va@ one way RM ANOVA or Kruskal
Wallis analysis with all pairwise multiple compamms procedures (Holm-Sidak method or

Tukey Test) in order to compare bird’s choices miyithe last 10 sessions.

Results

The female Macao refused to interact with the dbjé¢lsus only the male has been
tested as his female accepted to come and takeeweerd. Nevertheless, for this male we
obtained some results only during the first expernimas in the two repetitions he kept
choosing at random between the tokens, thus it measpossible to conclude if he really
understood the task. For the other birds, theydhgpstopped to choose the null and
sometimes developed a preference for one of ther attkens (selfish or prosocial, but their
choice were not coherent across the repetitiond) simetimes not, choosing at random
between both (see Figure 1, 2; see Table 2). Thulsearesults vary across the replication for
all the birds we can conclude that they did notwslother regarding preferences. The grey
parrots were tested with two different partners wediound no difference in the behaviour of
the tested bird according to the partner (Friednegoreated measures analysis of variance on
ranks; P>0.05). We observed that some individuatgipated the outcome as they came
closer to the experimenter when the tested birdsehibe prosocial token (Comparing the
mean number of anticipation of all the individuatsording to the token selected; Null: m=0

SE+/- 0; Selfish: m=1.38 SE+/- 0.6; Prosocial: m84SE+/- 7.1).
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Mean number of chosen tokens +/-SE
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SpECIES Eelation Fepl Eep 2 Fep 3
Foittacus erithacus | Living together | Male (Shange) | S-P-IN 5 P
Foittacus erithacus | Living together | Male (Léo) 5-F 5-P P
Faittacus erithacus | Living together | Female (Zoé) 5-F 5-P 5
Ara glancoguiaris couple Ilale 5 5 P
Ara glancoguiaris couple Female 5 5 P
Aratinga solsifials sibling Wlale (Coco) 5 5 P
Arafinga solsffalis sibling Mlale (Eiki) P 5 P

Ara macan couple Ifale P 5-P-IN P-IN

Table 2: Results for the three repetitions of tk@eeiment, for each bird.

S: Selfish;P: ProsocialN: Null

Study 2: Influence of inequity on other regarding-peferences
Material & method

At the end of the last repetition of the experiinenve decided to change the value of
the prosocial token. Indeed, at this time, birdd Haveloped preferences for one of the three
tokens (selfish for Zoé and prosocial for Léo amér&o). In this new situation the partner
received better treats in half of the sessidis.did not test the dyad Shango-Zoé because of
agonistic interactions. We conducted eight sessibri$) trials with each dyad in the control
condition (same reward for both individuals) andhe inequity condition (better reward for

the partner). We alternated the condition acrosséssions.

Statistical analysis
According to the result of the normality test, va@ one way RM ANOVA or Kruskal
Walllis analysis with all pairwise multiple compamis procedures (Holm-Sidak method or

Tukey Test) in order to compare birds’ choices myithe sessions.
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Results

The parrots did not change their preferences athessessions. Zoé kept choosing the
selfish token whereas the males chose the prodog&ah (See figure 3). Thus only the males
could have experienced a frustration effect seeireg better treat going to the partner.

Nevertheless they did not refuse to participatehange their preferences.

=
O
]

D
1

B nequity
O Control

Mean number of chosentokens +/-SE
ur

Zoe Zo& Leo [Shango| Zoe

Leo ‘SHango

Prosocial token ‘ Selfish token MNull token

Figure 3: Grey parrots ‘choices in the unequal §poial token brings better food to the partner) emwatrol

condition (prosocial token brings the same fooldth individuals)

Study 3: Influence of other regarding preferences o the maintenance of cooperative
behaviour
Material & method
Subjects
One year after the first experiment we tested Shamgl Léo. Zoé did not participate

in this experiment because of health problems aasl bvought to another room where food
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and toys were provided during the sessions. Othetiss were not tested as it is not possible

to interact with them in the same way we do witaygparrots.

Experimental setup

Birds were tested on a table (120 x 60 x 75cm) wheo different areas were delimited
using a cardboard (65 x 0.6 x 12.5 cm) fixed onc@aen base (55.5 x 6.5x 1.5 cm). Parrots
could see each other and have physical contactstbeecardboard. Tokens were placed in
the first area so that the bird present had to sh@me token and to give it to the partner over
the cardboard. Then the second parrot had to Il the object to the experimenter so that
birds could receive the associated reward (seedigy Léo was arbitrary placed on the token
side because of the results from the first expantnvehere his preferences widely varied
across the repetition. We recorded his choice,btieaviour of the partner and the final
outcome. Birds were first familiarized to excharagoken (different from those used during

the experiment) over the barrier. We made 22 ses%610 trials.

Figure 4: Experimental situation

Coding and statistical analysis
We recorded the choices of Léo (between the tluleens) and Shango (to give or not
the token) and their behaviours such as vocalizatamd movements. According to the result

of the normality test, we ran one way RM ANOVA oruskal Wallis analysis with all
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pairwise multiple comparison procedures (Holm-Sidathod or Tukey Test). To assess the

evolution of the choices across the study we raaaBpan rank order correlation.

Results

We observed that Léo chose less often the nullnta@nmpared to the two others
(Tukey test; compared to selfish; q=8.59, P<0.@npgared to prosocial; g=10.32, P<0.05)
and did not make any difference between the prasacid the selfish (Tukey test; q=1.72,
P>0.05) across the last ten sessions. Shango dree$fmore often the prosocial token
compared to the selfish (Tukey test; t=5.66, P<0Qabl more the selfish compared to the null
token (Tukey test; t=4.25, P<0.05) (see figure Begarding the evolution across the
experiment, we observed that the number of setb&ens transferred by Shango decreased
(Spearman, N=22+-0.701, p<0.001). Regarding the behaviour of Shahg threw out of
the table more often the selfish token comparethé& prosocial token (Holm-Sidak test;
t=3.30, P<0.001). Shango expressed significantlyenfoustration (cardboard biting, beak
scraping, frustration calls) (Holm-Sidak test; &#5. P<0.001 & t=4.08, P<0.001) and flew
away more often when Léo failed to transfer a tobkenhose the selfish one compared to the
situation where he chose the prosocial token (HBidak test; t=4.21, P<0.001 & t=3.13,

P=0.002) (see figure 6).
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General Discussion

Testing these nine individuals from four differesgecies we found that in general
birds stopped rapidly choosing the null token as/tHid not receive any reward. Thus they
are able to attribute a value to the objects amdigoriminate between them according to the
outcome. Like chimpanzees (Silk et al. 2005; Vonkake 2008) and cottontop tamarins
(Cronin et al. 2009) the birds tested did not tallgantage to deliver food to a partner at no
supplementary cost even if in our study some pestrveere siblings or mates. Like
chimpanzees (Brosnan & de Waal 2005) they did reotimize the pay off as they could have
chosen the prosocial token each time and thusihdthidual would have received a reward
in each trial. They did not develop contingent peatity like primates (Brosnan & de Waal
2004a; Brosnan et al. 2009; Pelé et al. 2010). \eeiwed that once the Blue-throated
macaws male attacked the female after she rec#ineeselfish reward. The reaction could be
explained by a frustration effect or the food expgan hypothesis as he did not receive any
food in this trial. The same bird stole twice tleevard from his female during trials in which
he picked up the prosocial token. It is possib& the situation in which both birds received a
reward and therefore the total amount of food wai$ is two parts, could have represented a
negative association as they have to ‘share’. Negksss, we did not observe any preferences
for the selfish token either. Contrary to our exp#@ons, our tested birds did not develop
preference for the prosocial token and grey pardidsnot show any different behaviour
according to the partner they were tested with.sThibe partner itself and the nature of the
relationship between the parrots (siblings, sexuztner...) did not seem to impact on the
choice of the tested bird. Therefore, our testedsbseemed really not to care about the
situation of their partner. Even in changing thtugaof the prosocial token creating inequity
birds did not react contrary to capuchins monkey® vgtop to be prosocial when the
difference between the outcome for the tested iddals and the one for his partner is too

high (Brosnan et al. 2010). Like chimpanzees (Braiteal. 2006; Bréuer et al. 2009), our
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grey parrots did not behave differently when faciag unfair situation. In the third
experiment, birds learned rapidly to transfer takemd made many successful voluntary
interactions even if direct transfers (beak to bewadre rare. Webserved that once again Léo
did not develop any preference between the sddirchthe prosocial token even though when
choosing the selfish one he made Shango reluctanbdperate. Indeed, we observed that
when Léo transferred the Selfish token, Shangopstbrooperating so that none of the bird
received a reward and sometimes he even prefayrguidw out of the table the selfish token.
Cottontop tamarins (Cronin et al. 2009) behavedlarty when one individual had the choice
between two unequal baited trays: one providingwaard for the partner and the other empty:
monkeys made fewer pulls compared to the situatiowhich the subject could access the
food (rewarding or not the partner). The fact tbéd did not take into account the situation of
his partner could be linked to the fact that oud®idid not make any difference between the
two tokens in the previous experiment. Indeed, thiely cared about their own profit. It is
also possible that with more trials Léo could haxperienced that choosing the prosocial
token had a more favourable issue. As we have wbddhat they were able to neglect the
null token, and as Shango transferred mainly tlosqarial token, Léo could have learned to
differentiate the objects. But the fact that Shasgmetimes transferred the selfish token
precluded fast learning.

We tested different psittacid species, with paindbaelationship thinking that the
quality of the relationship would influence theuks, nevertheless it was not the case. Most
individuals of different psittacids species werdeato attribute value to objects and grey
parrots were able to transfer actively items frobird to another in order to receive a reward.
Because of the small numbers of individuals of escies, it is difficult to generalize our
data to the whole species. Nevertheless, our @ilarfind other regarding preferences in
these nine individuals (of four different specits)d to show that prosocial behaviour is not

common in psittacids tested with artificial taskéaybe testing cooperative breeding species
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could lead to other issues. Indeed, callithricid@®mmon ouistitis: Burkart et al. 2007;
cottontop tamarins; Cronin et al. 2010; capuchBrasnan et al. 2010) tend to display more
prosocial behaviours compared to chimpanzees gsaorgcent study provide evidence that
some individuals were able to have prosocial pesfees (Brosnan et al. 2010). We also have
to test more individuals and maybe during the brepdeason. Because even if we observed
regurgitations during our experiments (between rtteanbers of macaws couples and also
between Shango and Léo) it is possible that indafsl would have more consideration
regarding their mate during this period. Thus bimdscouple (and also isosexual pair)
regurgitate to the partner but were not able te tallvantage to deliver food to the same
partner at no supplementary cost by choosing antokhis difference between genetically
predetermined behaviour and responses during diciafltask underline the interest to study

prosociality in laboratory.
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Article 5: Do grey parrots learn prosociality?
Péron F.,John, M., Sapowicz, S., Bovet D. & Pepperberg I.M.

Soumis alournal of Comparative Psychology

Probleme biologique

Dans la nature, les perroquets se comportent gaitomaniére altruiste ou prosociale.
Les males régurgitent de la nourriture aux femetlesant la saison de reproduction et les
oiseaux au sein d'un couple vont se toiletter mligment. Ainsi les oiseaux semblent
sensibles au sort de leurs congéneéres et plusspréent de leur partenaire. Les perroquets
élevés a la main considérent les humains commantaigartie de leur groupe social et
recoivent de ces derniers la nourriture quotidienne

Hypothese

Les oiseaux vont profiter de I'occasion pour apgomne récompense sans codt
supplémentaire a leur partenaire. lls vont adajgars comportements a ceux de leur
partenaire et la nature de leur relation (dominapmaenfluencer leurs décisions.

Méthodes

En utilisant le principe de I'échange de bouchayyshavons mis a la disposition des
individus la possibilité de récompenser sans cofp&mentaire un partenaire (conspécifique
ou non). Dans une deuxieme expérience, les oisa@iugté testés avec des humains ayant des
stratégies différentes (imitateur, égoiste ou eiied

Résultats

Les oiseaux apprennent rapidement a ne plus preledrebouchons qui ne les
récompensent pas mais par contre ils ne semblentapa de différence entre celui qui les
récompense eux seulement et celui qui permet deéte@snpenser en méme temps que leur
partenaire. Dans la seconde expérience, les oigeadent a adapter leurs choix a celui de
I’'humain.

Conclusion

Contrairement aux comportements génétiguement nddidés tels que la
régurgitation, les oiseaux ne se comportent pagndeiére prosociale dans une tache
artificielle. Dans la seconde patrtie il est difficde différencier une volonté propre de I'oiseau
a récompenser ou non ’lhumain ou juste une sinmpiiion.

133



134



Article 6

Do African grey parrots (Psittacus erithacusknow what an experimenter
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Article 6: Do African grey parrots (Psittacus erithacusknow what an experimenter
does and does not see?
Péron F, Chardard C., Nagle & Bovet D.

Soumis Behavioural Processes

Probléme biologique

Dans les situations ou les individus sont en coitipét pour une ressource ou
lorsqu’'un prédateur est présenes individus peuvent adapter leurs comportements
notamment en étant capables d’attribuer des ca&sadé perception a d’autres. Les oiseaux
captifs élevés a la main interagissent régulieréna@ec leurs soigneurs et intéegrent des
informations en observant I’lhumain.

Hypothese
Les oiseaux vont attribuer des capacités de paocegtun humain familier
Méthodes

Nous avons testé les oiseaux dans deux situatibfgsedtes ou des items étaient
placés derriere deux écrans : un opaque et unpaest® ; I'expérimentateur se trouvant de
l'autre coté. Dans la condition Controle de la mibure (autorisée) est a disposition et donc
les oiseaux sont censés choisir au hasard entréeles écrans alors que dans la condition
Test, des objets ‘interdits’ (que les perroquetshpas le droit de manipuler) sont employés
et dans ce cas, afin d’éviter d’étre chasséspilgetit se diriger vers I'écran opaque.

Résultats

Les oiseaux mettent plus de temps pour prendredécision dans la condition test
comparee a la condition Contréle. Tous montremh@me tendance a savoir qu’ils préférent
aller vers I'écran transparent dans la conditiomt@ide et vers I'opaque dans la condition
Test bien que seul un oiseau se comporte de masigmédicativement différente entre les
situations.

Conclusion

Un individu a montré qu’il était capable d’adapten comportement en fonction de la
situation cependant, compte tenu du protocolegulsrest impossible de différencier entre une
réponse perceptive et l'attribution de perceptiomraautre individu (humain dans notre
experience).
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Abstract

Perspective-taking is a cognitive ability that cenuseful to access information during
social interactions. This ability is extensivelyp&ited in humans and scientists found some
evidence of it in other mammals and also some $peties. In this experiment, three hand-
reared grey parrots were tested on their abilitgttobute perceptive skills to their caretaker.
Two different screens placed on a table separ#ti@dnuman side from the parrot’s side were
used: a transparent and an opaque. In the Commnalitton food was put behind each screens
whereas in the Test condition ‘forbidden’ objecastractive for the bird but normally not
accessible) were placed behind each screen. Biete wxpected to choose at random
between the two screens in the Control conditiohtbuprefer the opaque one in the Test
condition in order to avoid be scolded and chasealyaAll the birds show the same tendency
but only the older one chose significantly moredpaque screen in the Test condition. In the

Control condition, birds chose at random.

Keywords

African grey parrots, deception, perspective takthgory of mind
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Introduction

Theory of mind is a set of specific cognitive aims which consists of mental states
attribution to others, such as perspective takinggntions, desires, or beliefs (Premack &
Woodruff, 1978). Until the 1990s, this ability wasainly thought to be specific to humans
(Povinelli & Preuss, 1995; Tomasello & Call, 199G0t recent studies on non-human
primates revealed that there are some indicatimeitssome species may attribute some mental
states to others (non-human primates: Flombaum i&dSa2005; Call & Tomasello, 2008;
dogs: Call et al., 2003; corvids: Bugnyar & Heihri2005).

Some authors consider that using conspecific arbspecific cues such as gazing or
pointing is related to other abilities that aretydrtheory of mind. Some species such as dogs
(Canis familiarig seem to be efficient in reading and using humi@aerngcues in an object-
choice task, in which an experimenter points oregamvard a box (Miklési and Soproni
2006). One important skill contributing to theorfyrmoind is probably the ability to evaluate
whether an individual can see or hear somethingcépdion attribution), thus individuals
have to be sensitive to the attentional state efother. This ability was found in non-human
primates (great apes: Liebal et al., 2004; capuschiattori et al. 2007; Hattori et al., 2010),
dogs (Call et al., 2003; Viranyi et al., 2004) conm recently horse€quus caballusjProops
& McComb, 2010). In these experiments, subjects hegor approach for food) the
experimenter who is looking at them, more oftemtlize experimenter who does not see
them. In chimpanzees (Hare et al. 2000) and capsdfiiare et al. 2003), individuals are
tested with their conspecifics in a task in whitieyt have to retrieve food in front of a
dominant subject. Only chimpanzees show a cledeece for the source of food hidden for
the dominant (compared to the visible one). Wheezgaichins are not consistent in their
deceptive strategy (Fujita et al. 2002), chimpaszsdaborate tactics to deceive a competitor

(Menzel 1971; Hirata & Matsuzawa 2001).

141



It seems to us interesting to look also at spadigantly related to humans, and more
precisely to bird species known for their complegmitive abilities (corvids and psittacids:
Emery & Clayton, 2003; Emery, 2004). Indeed, thiesd species fit most of the criteria of
the social brain hypothesis suggesting that indiaisl who have to manage complex social
interactions need more brain power (Dunbar 1998fia$ life with complex population
dynamics; big relative brain size, long infancyipérand lifetime and most of them are
monogamous (Emery et al., 2007).

Corvids are able to respond to human given cuebh sscgazing (von Bayern &
Emery, 2009). They prefer to re-cache their foodiatched during the caching (Bugnyar &
Kotrschal, 2002; de Kort et al., in press). In eerdg experiment, three hand-reared African
grey parrots were able to use human given cuest(@ir al., 2009a). All the birds used
spontaneously or after a short training a proxipaihting cue and one of the three grey
parrots learned to use the proximal gazing cue. @nleese parrots also used the presence of
a conspecific or its vocalisations to find a baiteok (Giret et al., 2009b). Thus, these
individuals are able to rely on behavioural cueanrobject-choice task experiment. The same
birds were tested on their ability to attributeeimions to an experimenter and we observed
that all the birds adapt their responses accortbhntipe intentions of the human, biting the
wire mesh when the human is unable to give therd &al displaying frustration (frustration
calls, beak scraping) and opening their beak whisnlatter is unwilling to do so (Péron et al.,
2010).

Very few studies have been undertaken on the husivdnbond (Beck & Hatcher,
1989; Barber, 1993; Anderson, 2003). Parrots kemaptivity are known for their tendency
to destroy many objects. Do parrots rely on any dnuroues in order to take their decision
(when and what to steal and destroy), knowing ihtteir owner sees them they would be
chased? Like most parrots kept as pets, our biede Wwand-reared and had daily interactions

with us, which could facilitate the distinction bveten different human attentional states. We
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tested the birds in two different conditions: 1¢antrol condition in which food is provided
and 2) a Test condition in which usually ‘forbiddesbjects are accessible. ‘Forbidden’
objects are items of human environment that birgsnat allowed to interact with such as
rubber, pen, etc. In each condition the items daeeol on the table behind two different
screens, one opaque and one transparent and teaneapter is standing on the other side,
looking in the direction of the bird. Parrots axpected to prefer the opaque screen during the

Test condition so that they would avoid scolding.

Material & method
Subjects

Three hand-reared grey parrots were tested: tweaesndtis, twelve year old and
Doudou, three year old respectively) and one fepRieis (8 year old), all siblings. They
lived with their parents and two others siblingsainoom (19rf) provided with several toys
and maintained at about 23°C with 14h/8h light-deykle. They were fed with water and
seedsad libitum and received every day fresh fruit and vegetahlas$ often came and ate

with humans during lunch time.

Procedure

Birds were tested individually in an adjacent rotsetween 10h30 and 12h. The
experimental setup consisted in two screens (29 xm), one opague and one transparent
separated by a cardboard (20 x 40 cm) placed abla {1 x 1.30 m). Screens were placed
separating two different areas: the experimentgidse and the bird testing area (see figure
1). Birds were not food deprived and not trained jbat familiarized with the device: they
were free to explore the table (with the screeng)oturing one day. We alternated the side
of the screens across the sessions. The experinveaisesitting on the other side, looking in

the direction of the bird. The parrot is placedhat end of the table and is free to interact (or
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not) with the items for 90 seconds. We conductedri20s in each condition, eight trials

during five consecutive days alternating betweencitinditions (see Figure 1).

Figure 1

Control situation
Food (grapes and grains) was placed behind eaebrsend we expected the parrots

to choose at random the place where they woulthedbod.

Test
Attractive objects (tape, pen, rubber, elastic, grbjister strips, etc.) that parrots were
not usually allowed to touch but that they usedt&al and destroy when possible, were used

for this study and placed behind each screen. &dr &ial two identical objects were used.

Coding & statistical analysis

We recorded the choice and the latency of each el ran Chi Square analysis in
order to compare the choice of the birds accortbnifpe condition (control or test), Binomial
test in order to compare the choice within a cooditand Wilcoxon test to compare the

latency time between the conditions.
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Results

All the three parrots behaved similarly: they chosare the transparent screen in the

Control sessions and more the Opaque screen tesheessions. Nevertheless, the difference

was significant only for Iris (Chi Square analysisif 1; Iris:x*= 6.8 & P=0.009; Rubis;’=

1.6 & P=0.206; Doudouy’= 1 & P=0.317). Only in the Test condition (forslriwe observed

that the parrot chose significantly more the opaguaeeen compared to the transparent

(Binomial test; p=0.021). In all the others cormlitiwve did not notice any preferences for one

specific screen (see Figure 2).

100% -
90% -
80% -
T0% -
60% -
50% -
40% -
30% -
20% -

Percentage of choice

10% -
0% -

Control | Test

Iris

Control | Test |[Control| Test

Rubhis Doudou

O Transparent

M Opagque

T p=0.05

Figure 2

In the Test situation, birds made their choicera#t longer latency time compared to

the Control condition either with the opaque (Z37Z, p=0.017) or the transparent (Z=-

3.092, p=0.002) screen. We did not find any diffieesbetween the screen within a condition

(Control: Z=-1.524, p=0.127; Test: Z=-0.201, p=@B&see Figure 3).
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Discussion

We observed that in general birds preferred to gjuria the transparent screen when
possible (Control condition) maybe because it waghker or because they could see the
experimenter and this sight could be reassurinp@gxperimenter was the main human they
are bond with; seeing the experimenter could alscabwvay to better control any human
actions. Only the older parrot (Iris) chose sigrafitly more often the opaque screen, maybe
because he had more opportunities to face thisdpeuation before, trying to steal any item
(food or objects). Nevertheless, birds had a lonigéency time in the Test condition
compared to the Control one. This could be expthimg the nature of the items themselves
(food, maybe more attractive, in the control situatversus objects in the test situation) or
also because they understood the risk to be chasag. Previous experiments conducted
with three other greys revealed that they were &blperform quite well in a cooperative
human given cues task (Giret et al., 2009a). In gtuely conducted with jackdaws (von
Bayern & Emery, 2009), the authors showed thatsbiesponses changed according to the
experimenter, namely going faster for the rewarenvthis latter was familiar. The same was

found for horses that pay more attention to a faaméxperimenter and thus tend to go toward
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him (Krueger et al., 2010). Here only one bird hedtasignificantly different according to the
fact that the experimenter could or could not see Ibut it is still not possible to say if his
decision was lead by simple rule which could begdl where | am not seeing him’ or to a
more complex cognitive attributing perception skib humans which could be: ‘I go where
he could not see me’. This issue is found in mangiss even with primates. The second
option was found in corvids for instance that pnefé to cache in shadowed area (Dally et al.,
2004) or in dogs taking the reward when the expemter had his eyes closed (Call et al.,
2003). Researchers found also evidence of perspeetking in primates species (spiders
monkeys (Amici et al., 2009), long-tailed macagq€mossens et al., 2008), great apes
(Braeuer et al., 2005), etc) but for some of therdhsas capuchins monkeys we observed
contrasting results (Hare et al. 2003; Amici et28l09) and common ouistitis failed to show
context-independent perspective-taking abilitieariart and Heschl, 2007). In the wild we
can find examples of perspective-taking in budgasgMelopsittacus undulatygsittacids
species) for instance where extra-pair copulatiappen sometimes. A study reveals that
individuals copulate when they are not seen byrtipairtner (Baltz and Clark, 1997).
Nevertheless, birds were not tested in the conditiere they could see the sexual partner but
not be seen. Thus we cannot exclude that budgsrjgsat react at the presence/absence of a
conspecific in their visual field. In grey parrotge do not have data regarding extra-pair
copulation but perspective-taking ability coulduseful in all activities where the presence of

several individuals can create competitive condgisuch as foraging or mating.
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Article 7: Unwilling versus unable: Do grey parrotsunderstand human intentional
actions?
Péron F. Rat-Fischer L., Nagle L. & Bovet D.
Interaction Studie2010,11, 3, 428-441

Probleme biologique

Au sein d’'un groupe les individus sont amenés @ratgfir avec leurs congéneéres. Pour
bien des activités, ils doivent adapter leurs caegpeents a ceux de leurs congéneres, qu'il
s'agisse de la recherche de la nourriture ou dantepaire. Dans le cadre des comportements
de coopération, les actions seront d’autant plubopeantes si les participants sont capables
de prendre en compte les intentions de leurs camgén

Hypothese

Les oiseaux testés ont été élevées a la main etcpaséquent interagissent
régulierement avec leurs soigneurs. lls apprenaatiscerner les intentions des humains en
fonction de leurs comportements.

Méthodes

Un expérimentateur familier ne donne pas la récompdvisible des oiseaux) soit
parce qu'il est distrait, soit parce qu'il n’en @sts capable (bloqué) ou soit parce gu'il n'est
pas conciliant.

Résultats

Les oiseaux se comportent differemment face a destisns. lls mordent plus
souvent le grillage quand I'expérimentateur estjbéoalors qu’ils ouvrent significativement
plus le bec, émettent des cris de quémande etnegprides comportements de frustration
quand I'expérimentateur n'est pas conciliant. Démssituation ou I'expérimentateur est
distrait les oiseaux se désintéressent de luinalpislement.

Conclusion

Les oiseaux distinguent les variations dans lésntions de I'expérimentateur et se
comportent differemment en fonction des indices portementaux de I'humain.
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Abstract

Intentionality plays a fundamental part in humaniginteractions and we know that
interpretation of behaviours of conspecifics degennd the intentions underlying them. Most
of the studies on intention attribution were unaken with primates. However, very little is
known on this topic in animals more distantly rethto humans such as birds. Three hand-
reared African grey parrot$$ittacus erithacyswere tested on their ability to understand
human intentional actions. The subjects’ attentreas not equally distributed across the
conditions and their behavioural pattern also cedmdepending on the condition: the parrots
showed more requesting behaviours (opening of thak band request calls) when the
experimenter was unwilling to give them seeds, laitel more the wire mesh that represented
the obstacle when the experimenter was trying t@ ghem food. For the first time we
showed that a bird species, like primates, maydmsigve to behavioural cues of a human

according to his intentions.

Keywords: Grey parrots, intention attribution, theory ofnai
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Introduction

The theory of mind is a set of specific cognitiveliies which consists of perspective
taking and mental states attribution of intentidrsljefs and desires (Premack & Woodruff,
1978). Until the 1990s, this ability was mainly tight to be specific to humans (Povinelli &
Preuss, 1995; Tomasello & Call, 1997) but recentliss on non-human primates revealed
that there is some evidence of mental state atioibun these species (Call & Tomasello,
2008), although it is still debated (Povinelli & Ma 2003; Povinelli & Vonk, 2004). As
stated by Tomasellet al. (2003), there is probably no clear-cut answertbutate there is no
convincing evidence that any non-human animal ms&sea full-blown theory of mind.
Nevertheless there are some indications that spe@es may attribute some mental states to
others (non-human primates: Flombaum & Santos, ;2088 & Tomasello, 2008; dogs: Call
et al., 2003; corvids: Bugnyar & Heinrich, 2005).

Some authors consider that using conspecific arbspecific cues such as gazing or
pointing is related to the acquisition of otherligibs that are part of theory of mind. Some
behavioural cues are displayed and utilised eatli@n others in a developmental perspective.
Twelve-months-old children understand first poigtemd gazing (e.g. they are able to follow
or to give such cues to select an object) (Colanetesl., 2008). Some species (such as dogs,
Canis familiarig seem to be efficient in reading and using thgped of cues in an object-
choice task, in which an experimenter points oregemvard a box (Miklési and Soproni
2006).

Corvids are also able to respond to human gives sueh as gazing (von Bayern &
Emery, 2009). They prefer to re-cache their foodiatched during the caching (Bugnyar &
Kotrschal, 2002; de Kort et al., in press). In edswgaze following and caching change during
development. The development of a full and elaleorataching behaviour needs time and

maturation (fledging birds), social interactionsdagxperiences (pilfering) (Schloegl et al.,
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2007; Bugnyar et al., 2007). In a recent experimdrmg hand-reared African grey parrots
tested in the present study were also able to useah given cues (Giret et al., 2009a).
Indeed, all the birds used spontaneously or aftehat training a proximal pointing cue
(steady pointing with hand at about 20 cm from blagged box) and one of the three grey
parrots learned to use the proximal gazing cue kooed head and eye orientation, the
distance between the head and the baited box veag &bm). The same parrots also used the
presence of a conspecific or its vocalisationdgrid & baited box (Giret et al., 2009c). Thus,
these individuals are able to rely on behaviounaisan an object-choice task experiment.

On important skill contributing to theory of mind probably the ability to evaluate
whether an individual can see or hear somethingcgption attribution). This ability was
found in non-human primates (Liebal et al., 2004tbti et al., 2010), in dogs (Call et al.,
2003; Viranyi et al., 2004) or more recently in $&8 Equus caballusjProops & McComb,
2010).

An important ability of the set of the ToM, is tlatribution of intentions (Call &
Tomasello, 2008). Some researchers have testedalfilisy in children and non-human
primates using paradigms such as accidental versgrgional spilling of the food to the floor
(Call & Tomasello, 1998; Povinelli et al., 1998)nfdar skills were tested by Wood et al.,
(2007) with cotton-top tamarin§éguinus oedipyisrhesus macagueMécaca mulatta and
chimpanzees Ran troglodytes that made spontaneous inferences about a human
experimenter's goal. Other researchers studiecedesiifferent situations in which the
experimenter was unable or unwilling to give foodhe subjects. Chimpanzees (Call et al.,
2004), human children (Behne et al., 2005) and eapuchinsCebus apellajPhillips et al.,
2009) were able to distinguish between the inteafi@actions of the human experimenter. In
general individuals expected more to receive fobemthe experimenter was unable to give
them the reward than when he was unwilling to ddtsseems to us interesting to look also at

species distantly related to humans, and more geigcito bird species known for their
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complex cognitive abilities (corvids and psittaci@@nery & Clayton, 2003; Emery, 2004).

Indeed, these bird species fit most of the critefithe social brain hypothesis (social life with
complex population dynamics; big relative brainesitong infancy period and lifetime) and

most of them are monogamous (Dunbar, 1998; Emeay,2007). Thus, individuals have to
deal with complex social interactions and it is satprising to find in these species social
cognitive abilities related to theory of mind.

Parrots show complex and flexible abilities in ortedeal with the social complexity
of their natural life but also to adapt quickly & very constrained environment: the
‘anthropogenic world’. Very few studies have beadertaken on the human-bird bond (Beck
& Hatcher, 1989; Barber, 1993; Anderson, 2003) bewertheless they reveal that avian
companionship is similar qualitatively to the onevyded by cats or dogs. However, the
vocal ability of parrots stimulates the dialoguelseg behaviour of the owner. In general,
humans tend to attribute intentions to their petttingly or not. But do these parrots attribute
some form of intentions to us? Like most parrotstkes pets, our birds were hand-reared and
had daily interactions with us, which could facité the distinction between different human
intentional behaviours.

We decided to test our parrots in three conditidtisable (the experimenter tries without
success to give some food to the birds), Unwil(ithg experimenter does not want to give the
food to the birds) and Distracted (the experimeigedoing something else). These three
conditions were inspired by similar studies conddctin children (Behne et al., 2005),
chimpanzees (Call et al., 2004), and capuchindigpkiet al., 2009). However, we simplified
the experimental design by testing only one situator each condition; as in the experiments
of Call et al. (2004) and Behne et al. (2004), a¢hors had to pool their data because the
behaviour of the animals did not reflect the diugrsf the situations. Thus we reduced the
number of situations as Philipps et al. (2009) ididheir experiment 1. For this study, birds

were expected to react differently according to théentions of their caretaker, reading
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appropriately the behavioural cues available inhesituation. Parrots were expected to
produce particular vocalisations and behaviourateel to frustration and/or food requesting
in the ‘Unwilling condition’ compared with the twathers. The time spent looking away from
the experimenter was expected to be more impoitiathie ‘Unwilling’ and in the ‘Distracted

condition’. In the ‘Distracted and Unwilling conitibs’, birds were expected to interact with

the bottle caps as a behavioural displacement.

Methods
Subjects

Three hand-reared African grey parroBsiftacus erithacyswere tested: Shango, a
four-year-old male, Léo, a six-year-old male an@,Za six-year-old female. They were born
in captivity and arrived at the laboratory at 3 isnold. Since their arrival the animals’
behaviour was observed regularly and they partiegppan different experiments. They were
housed together in an aviary (340 cm x 330 cm x @Y with three tables, two large perch
structures and many toys. The ambient temperatmnained at about 25°C. The room was lit
on a 12:12 h light:dark cycle with two crepuscutés30 min for both morning and evening.
Parrots were fed everyday with fresh fruits andetalles in the morning and parrot formula
(Nutribird A21) in the evening. Water and pelletdafrisson) were availablad libitum

Vitamins (Muta-Vit Versele-Laga) were given twicevaek.

Procedure

Birds were tested in their aviary individually withe experimenter seated on the
opposite side of the wire mesh with a tray in frohhim. During a test session, the two other
subjects were carried to another room of 5 m x@.4 3 m in which food and toys were
available. The subject was placed on a table whdesting zone was delimited (30 cm x 30

cm). A transparent plastic sheet (21cm x 29.7cny fix@d on the wire mesh (experimenter’s
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side) the day before the beginning of the expertraaed remained until the end of the testing
period. A hole was made in the centre (6cm x 8.5omated at the parrot’'s head level (see
Figure 1). At both sides of the table, bottle ceyese placed in containers and were accessible
at all times for the parrot. Sunflower seeds weseduas a reward during the tests and were

not available for the parrots otherwise.

In the testing conditions the experimenter actdbeeias ‘Distracted’, ‘Unable’ or
‘Unwilling’ to give food to the subjects. Three s@ms were conducted on different days.
Within the session, each condition (see below) weeated twice alternatively with
motivational trials in which the food was giventte subject. Each test trial lasted for thirty
seconds. The order of presentation was pseudo4mr@sdd and different for each bird and

between sessions.

Conditions

Distracted The experimenter played with bottle caps. His chanade back and forth
movements near the seeds but did not touch themeXperimenter was looking at the bottle
caps and at the bird.

Unable (Blocked)The experimenter tried to give one seed to the thirough the wire mesh

but could not do it because of the plastic sheetkahg the way. The experimenter’s hand
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made back and forth movements between the partbhanself, looking at the seed and at
the bird alternatively.

Unwilling (Tease) The experimenter held one seed, his hand makigk and forth
movements between the bird and himself, and ates#®el while exaggerating swallow
sounds and saying once ‘hum it's good’. The expeniter was looking at the seed and at the
bird alternatively.

In all three conditions the seeds were placed isalb the middle of the tray. The
experimenter made the same number of back andrastlements (six) and in the ‘Unwilling
condition’ ate the seed after each sequence sattihe end of a test he had eaten six seeds.
Hands were also visible at all times and movingelto the wire mesh. During motivational
trials, the experimenter gave seeds through the wiesh. Every session started with two
motivational trials in order to attract the birdan¢he wire mesh, inside the testing area. Then
two more motivational trials were randomly conddcteithin the six test trials. The inter—
trial-interval was 15s during which the experimernédt the room. Each trial started when the
bird was near the wire mesh and ended after tlsetyonds. Unlike in the experiments
undertaken with primates, we decided to stop tlkafter thirty seconds and not to wait until
the parrot left the testing area. This choice waslenbecause our birds are not as active as
primates and thus they can stay in the same ptaca fong time. As the parrot was free to

leave the testing area at any time, participatioth® bird could be described as voluntary.

Coding

Trials were filmed and acquired digitally (CanonyM350i; Adobe Premiere Pro 2.0)
and analysed. We recorded all the behaviours disgldy the subjects, as well as their
vocalisations (see Table 1). Because our parroigkeuthe non-human primates (Call et al.,
2004; Phillips et al., 2009) were not expected g¢ave the test area during the test (as

explained above), we chose another parameter ndageed to our subjects: we used the time
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spent looking away as an indicator of disinterestard the experimenter. This parameter has
also been used in experiments with children (Bedtnal., 2005). Thus, the amount of time
spent looking away from the experimenter was remwrd\s parrots usually use both eyes to
look at something they are interested at (partituli@od), we considered that the bird was
looking away when its head was not facing the erpanter. All the behaviours were coded
twice (Spearmant= 0.988)and a second coder, blind to the experimental tiandi then
recoded the behaviour (Bite=0.989; Openir=0.913; Scrapr=0.989; Requestr=0.987;
Vocalisation:r=0.991) to assess inter-observer reliability. Weorded the number and the
category of vocalisations (request call or othéie number of wire mesh biting, table
scraping and beak opening. This latter behaviows @@led when the bird moved both the
upper and lower part of its beak in the verticalsawithout producing sounds and this
opening movement did not precede biting or yawmiciion. Beak opening is displayed when
parrots expect to receive food (for instance regatign from a conspecific, or hand-feeding).
Our parrots are used to display this type of behavevery day as a request when we give

them parrot formula with a syringe.

Statistical analysis

Statistical analysis were made using R Softwaren perametric Kruskal-Wallis rank
sum test was run in order to evaluate the effe¢hefcondition on the different parameters.
When Kruskal Wallis was significant a£0.05, a post-hoc test for multiple comparisons was
run, using the R function “kruskalmc” from the pagk “pgirmess”. Therefore, a correction
was applieda’= 0.008 @'=o/[K(K-1)] with K=3; number of samples). Linear regsion
analyses were made using SigmaStat software irr eodassess that birds did not change

their behaviour across the sessions.

Results
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Table 1 shows all behaviours observed during theetlsessions and also the total

amount of time spent looking away from the expentaeduring this period.

Wire [Beak [ Scrap| Request| Other
Condition | Time (s)
bite |open [table |call vocalisation
Unable 56 29 3 0 1 0
Shango |Unwilling |47 0 16 2 4 0
Distracted | 56 0 0 3 0 1
Unable 46 15 9 0 2 0
Léo Unwilling |29 0 18 1 3 0
Distracted | 114 0 0 1 0 2
Unable 75 22 3 1 6 11
Zoé Unwilling |84 0 15 9 15 4
Distracted | 121 0 0 2 0 2

Table 1. Data from the six trials of each condititynable’, ‘Unwilling’, ‘Distracted’) for

each individual. Time (in seconds): Total duratspent looking away from the experimenter.

Total number of behaviours recorded during diffeemperimental conditions.

Time spent looking away

The individuals differ in their attentional statemMard the experimenter according to
the situation. We observed that they spent moree tlooking away in the ‘Distracted
condition” compared with the two others (Kruskalliéarank sum test: H=10.89, df=2,
p<0.05; post-hoc test, p<0.008). No significantfedénce has been found between the

‘Unable’ and the ‘Unwilling condition’.
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Regarding the change of the behaviour across g®oses we found that Léo and Zoé
increased their time spent looking away in the ‘Wlng condition’ (Linear regression
analysis; Leor= 0.950 & Zoér= 0.881). Zoé looked less away in the ‘Unable ctiowli
(r=0.835). Nevertheless these changes tend to decf@asot modify) the difference between

the different situations.

Other behaviours

We found that parrots bite more often the wire meshhe ‘Unable condition’
compared to the two other conditions (Kruskal-Véalii=46.58, df=2, p<0.05; post-hoc test,
p<0.008) and opened more often their beak in thenilling condition’ compared with the
other conditions (Kruskal-Wallis; H=33.19, df=2,@85; post-hoc test, p<0.008) produced
more request calls in the ‘Unwilling condition’ (Kskal-Wallis; H=17.6, df=2, p<0.05; post-
hoc test, p<0.008) compared with the ‘Distracteddition’. There was also a significant
difference across all three conditions (but notweein two conditions) for scraping and
knocking behaviour (Kruskal-Wallis H=10.46, df=2<@®05; post-hoc test, p>0.008). No
difference between conditions was found for theeotfocalisations (Kruskal-Wallis H=0.74,

df=2, p=0.69).
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None of the birds interacted with the bottle cajzgd in the containers during the
trials.

Across the sessions, Zoé produced less vocalisatfibimear regression analysis;
r=0.828) during the ‘Unable condition’ and scrappadre the tablerE0.961) when the
experimenter was ‘Distracted’. Nevertheless thesbabiours, as seen above, are not

significantly differently produced across two givarnditions.

Discussion

Like primates, grey parrots reacted differently axding to the behavioural cues
available during the situations. The birds bite enoften the wire mesh in the ‘Unable
condition’, opened their beak and produced moreesgcalls in the ‘Unwilling condition’.
The only contextual cues that changed across dongditvere the presence of bottle caps in
the tray when the experimenter was ‘Distracted’.

It seems that in the ‘Unable condition’ the parroisd to solve directly the problem
which was how to access the reward through the mvgsh (they mainly bite the wire mesh).
The mesh seemed to represent an obstacle for thehew interact physically with it. In the
‘Unwilling condition’ they tried to attract the eggmenter’s attention, mainly opening their
beak and making noises (request calls) while dyapdafrustration (scraping & knocking
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their beak on the table). The beak opening cangigloe interpreted as a request, as they do
the same thing when they are hand-fed with theopdormula. The vocalisations produced
were categorised into two types: request calls @hdrs. The latter were not specific (they
can be emitted in various circumstances), while first category refers to vocalisations
produced when the bird wants something (some food toy). The second category, non-
specific vocalisations, could have been producedorder to attract the experimenter’'s
attention.

Chimpanzees (Call et al., 2004) and capuchins [(p%hiét al., 2009) did not show a
significant difference between the ‘Unwilling Teased the ‘Unable Blocked’ conditions
regarding the latency before leaving the testirgpatJsing another parameter, time spent
looking away from the experimenter we did not fardy significant difference either. The fact
that our birds spent more time looking away in ‘Distracted condition’ could probably be
explained also by the fact that the experimentgémdit manipulate the seeds in this situation.

In these two conditions (‘Distracted & Unwilling’irds were expected to interact
with the bottle caps. We thought that they coultkriact with the toys as a behavioural
displacement. In the first case they could playhvilie bottle caps as they observed the
experimenter playing with the objects and in theose case we thought that they may throw
them to the floor, as they sometimes do if frusdaHowever, these behaviours did not occur
during testing.

As expected, none of our parrots left the testimgezduring the sessions. It seems that
in the ‘Distracted condition’ they were not inteez$ in the action (they spent more time
looking away) and did not expect to receive anydfoas the experimenter was already
engaged in playing with bottle caps. In the ‘Unatdadition’ they focused their attention on
the human unsuccessful attempts and tried to dbkwvgroblem whereas in the ‘Unwilling

condition’ they displayed behaviours of frustratemmd tried to attract the human’s attention.
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These three African grey parrots were hand-raisetiraceived food from us every
day. Because of our diverse and frequent intenastvee are considered as social members of
their group. They are used to see us eating andoasiood most of the time (which we
usually share with them). This could influence thaility to distinguish between different
behavioural cues provided by the caretaker accgriithis intentions. This could be linked to
the socialization hypothesis proposed for handegk@rimates: human experience could only
modify existing social interactions and intentiorelills rather than creating new ones
(Tomasello & Call, 2004).

Our observations have been made on three handirédnean grey parrots so that
our conclusions can not be applied to the specesvehole Boesch, 2007; Tomasello & Call,
2008; Boesch, 2008). Our positive results sugdesneed to study different abilities defined
as part of the theory of mind in several individuaf several species. The vast majority of the
data concerning cognitive and communicative abgitof African grey parrots came from a
single individual: Alex (Pepperberg & Brezinsky, 919 Pepperberg, 1993; Pepperberg,
1994a; Pepperberg, 1999). There is no doubt thaature parrots have to face complex social
situation during which they need to rely on condpebehavioural cues.

Regarding our parrots, the abilities demonstratethis study enhance the human—
animal interactions as both partners are abledtinduish between the intentional actions of
the other, which in turn improves the efficiency tbe communication. Previous studies
undertaken on heterospecific language acquisitibowsd that even if our birds had
difficulties learning rapidly new words, they weable to use our labels for their own purpose
such as food requests (Giret et al., 2009b). M@emeveral studies confirm the necessity of
interactions with humans for referential learninBegperberg, 1994b; Pepperberg &
McLaughlin, 1996; Pepperberg & Wilkes, 2004).

These results suggest that some birds adapt thleavibur according to the intentional

actions of a human experimenter. With this singtpeeiment it is not possible to assess
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whether they understand that others have mentedseptations that drive their actions (Penn
& Povinelli, 2007; Penn & Povinelli, in press). Natheless, data from Pepperberg’s (2008)
experiment suggest that Alex had some expectatadmit others representations when
guestioning experimenters about objects charatiteis

It is the first time to our knowledge that a stuslyjows that a bird species may

recognize and distinguish between humans’ inteatiantions using behavioural cues.
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DISCUSSION

Etude de la coopération

Au cours des expériences de coopération, nous apongemarquer que les trois
perroguets gris du Gabon avaient le méme objecbheété capable de résoudre la tache en
tirant sur la ficelle. Le nombre de tirs simultamégmente au cours du temps car ils réalisent
des actions similaires au méme instant. Cette d@pé&uveau 1 de la coopération selon
Boesch & Boesch 1989, similarité) a été observéz chautres especes (tamarins, Cronin et
al. 2005 ; marmouset, Werdenich & Huber 2002 ; cam) Mendres et de Waal 2000 ;
bonobos, Hare et al. 2007 ; chimpanzés, Melis.&tQfl6a ; corbeaux freux, Seed et al. 2008 ;
loups, Méslinger et al. 2009 ; hyenes, Drea & Ga2(99), et cela permet de conclure que les
individus parviennent a résoudre la tache maisqbils comprennent le réle du partenaire.
En effet, il est possible que les oiseaux aientsét¥plement attirés par la récompense sans
compréhension de la nécessité de coopérer (Vigdilbet al. 2000). Les trois oiseaux tirent
plus la ficelle quand le partenaire est présenn(oe les capucins, Mendres & de Waal 2000)
mais seul Shango semble réellement s’ajuster aenaare en retardant son premier tir de
ficelle. Hauser et al. (1999) suggérent qu'il éfftalle d’inhiber une réponse motrice une fois
que les sujets ont été entrainés a la réaliserplsiest, une étude réalisée avec ces mémes
oiseaux et concernant le self-control a révélélguietaient pas capables d’attendre plus de
deux secondes dans une tache de récompense re(@fidkeet al. 2009) et que par
conséquent le fait de retarder le partenaire deetbndes représente un délai trop long, de
telle sorte qu’ils ne sont pas capables de seirateriirer malgré I'éventuelle compréhension
de la nécessité d’'un partenaire. Par la suite@@smes perroquets ont été capables de tirer
avantage de la présence d'un partenaire pour accdene récompense plus grande,
contrairement aux corbeaux freux (Seed et al. 2008)i, les perroquets ont su coordonner

leurs actions, comme les hyenes et les chimpaagzés,cependant une précision importante :
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ils étaient amenés a proximité des dispositifscgtcdavaient moins d’efforts a fournir pour
participer, contrairement aux corbeaux par exengpledevaient d’eux-mémes changer de
voliere. Léo et Zoé, en présence d'un partenaing,noontré une nette préférence pour le
dispositif Duo suggérant ainsi gu'’ils comprenaiavantage de coopérer. Cependant Léo
choisit au hasard quand il est seul ce qui poulagser a penser qu'il ne comprend pas la
tache et que le partenaire (quand il est présgittcamme un stimulus attractif. Durant des
expeériences conduites préecédemment, ces mémesnoiseamontré qu’ils étaient capables
de se servir d’'indices fournis par un partenaimngpécifigue ou humain) afin de trouver la
récompense cachée (Giret et al. 2009 a, b). lpessible que Léo prenne simplement en
compte la présence d’'un partenaire pour faire $mixcet qu’il ne fasse pas de distinction
entre Zoé et Shango car il peut obtenir la récomgeavec les deux. Zoé, quant a elle, se
comporte tres differemment en fonction du partengirésent : alors qu’elle choisit de
coopérer a chaque fois quand Léo est présentpedfere aller vers le dispositif Solo quand
Shango est le partenaire. Le fait que Shango sailirthnt et agresse parfois Zoé explique ce
choix. De plus, il est possible que Zoé se souweque lorsque Shango est en position de
choisir entre les deux solutions, il ne coopéregjamll semble préférer une récompense
moins importante mais pour laquelle il n'a pas besbattendre aprés un partenaire qui en
plus pourrait refuser de coopérer. Au cours deea@tpérience, les oiseaux ont amélioré leur
self-control et ont appris a attendre I'arrivée phrtenaire. Cependant lors de I'expérience
suivante (collaboration) Zoé tire souvent la fieedlvant I'arrivée de Léo et ce d’autant plus
guand ce dernier est retardé. Shango quant a &féner quitter le dispositif plutdt que
d’'attendre. Dans cette derniére expérience, lesanis ont appris a agir de maniere
complémentaire ; cependant, aprés avoir échange pdaces nous n'avons observé que trois
tentatives de collaboration (toutes trois infrucles) : bien qu’ils aient été entrainés
individuellement pour les deux actions ils n'onspgu s'adapter ni méme échanger leurs

places. Il est donc probable gu’ils n'aient pas posile réle du partenaire. Ceci est différent
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de ce qui peut étre observé lors de la chassectioledes chimpanzés (Boesch & Boesch
1989) ou des lions (Stander 1992) par exemple. mdUes expériences nous n'avons pas
enregistré de tentative de recrutement (vocalisgpiar exemple) qui aurait pu faciliter la
coordination des individus ou la résolution d'umftiv d’intéréts lors de I'expérience de
négociation, cependant ne nous savons pas si gortglortement existe a I'état naturel. Par
ailleurs, bien que les chimpanzés soient capalda®ctuter le meilleur partenaire (Melis et
al. 2006a), ils n'ont pas produit de signaux de mmmication lors de I'expérience de
négociation (Melis et al. 2009). Nous avons pu ngtes les oiseaux orientaient leur téte vers
le partenaire quand ce dernier était retardé, néarsvu la position anatomique des yeux il
est difficile d’évaluer la direction du regard cHeg oiseaux (Dawkins 2002) a moins de faire
appel a du matériel particulier comme un laser @kadet al. 2008). Ces expériences de
coopération apportent de nouvelles données poupmmdre comment les oiseaux gerent
leurs relations. Il est certain que I'apprentissageué un role majeur dans les performances
observées et bien que les sujets semblent avoipri®ha nécessité d’'un partenaire, on aurait
probablement pu aboutir a la méme conclusion erdittonnant le succés de la tache a
n'importe quel stimulus, comme une lumiére par gxen(Noé 2006). Néanmoins, cette
capacité a associer de tels stimuli peut éventel permettre aux oiseaux vivant a |'état
naturel d’apprendre a coopérer de maniére effidaétude de plusieurs groupes d’individus
serait nécessaire afin de confirmer d'une parclscités cognitives de I'espéce mais aussi
de pouvoir observer d’éventuelles différences amction de l'organisation sociale et des
types de dispositifs comme ce que lI'on peut voecallexemple des kéas (Tebbich et al.
1996 ; Huber et al. 2008A(ticle 1). En ce qui concerne le groupe de perruches, aooiss
observé gu’elles parvenaient a résoudre les tabhesopération mais avec un faible taux de
succes et sans indice suggérant une compréhensidteddu partenaire. Nous observons que
les individus les plus subordonnés tendent a sehpemplus sur le dispositif a bascule (réle

d’acteur) parce que les dominants monopolisent lEcep permettant d’accéder a la
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récompense. Les oiseaux qui actionnent le leviegéréral interagissent plus avec l'autre
dispositif (tir a la ficelle coopératif). Il est psible que les individus subordonnés soient
également les plus explorateurs ou peut-étre dassplus tolérants permettant ainsi une
proximité lors de la résolution du dispositif oa doivent tirer une ficelle. Les oiseaux ont
formé de nombreuses dyades de telle sorte quemobiservons pas d’influence du sexe ou
de l'age sur les performances. Cependant les jlegninteragissent de maniére plus
importante avec les dispositifs, ce qui est cegtmient d0 a un comportement exploratoire
exprimé de fagon plus importante que chez leurssafirticle 3). Par contre, nous observons
gue les dyades formés par les trois perroguet®miepas équivalentes et que certaines sont
plus performantes que d’autres. Ainsi la probabilque les individus cooperent, leur
efficacité et lissue de linteraction sont influgres par le degré de tolérance entre les
participants. Les études conduites avec les ratBugder 2002; Rutte & Taborsky 2008),
montrent que l'issue influence la prochaine actomjointe et ici, hous observons que le
degré de tolérance augmente au cours du tempséfeupar le fait que la proximité soit
récompensée (lorsque les individus parviennentcadsr a la nourriture). De méme, dans
'expérience ou les sujets avaient le choix du graaire nous retrouvons l'influence des
préférences sociales (tolérance et dominance)estindix de coopérer ou non. Il semble que
la personnalité des oiseaux soit également un uadmportant comme ce qui a pu étre
observé chez les corbeaux freux (Scheid & Noé 2@i4} ici le faible nombre d’individus
ne permet pas de faire des analyses.

Durant cette étude, nous avons occasionnellemesetred® chacun de nos trois oiseaux
passer d'une table a l'autre quand leur plus proadisin refusait de coopérer ou alors se
diriger vers l'autre dispositif. Ainsi les individuse sont parfois adaptés a la situation en se
rendant a la position qui permettrait de coopé@er.remarque cependant que leurs choix ne
sont pas toujours pertinents. Ainsi Shango contoiei¢enter de coopérer avec Zoé bien que

cette derniére refuse, alors qu'il aurait di peféravailler avec Léo (Théorie du marché
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biologique ; Noé & Hammerstein 1994). Dans l'expgade de négociation, les deux
perroguets, loin de se comporter de maniére akruant tout de méme su tirer profit de la
situation en coopérant et en partageant la notgritGontrairement aux loups ou seul le
dominant accede a la récompense et ne partagenpas, avons observé que Léo, le
subordonné, n'accepte pas toujours les propositiojustes et parvient a faire changer
Shango de dispositif (mais celui-ci ne partage mpas plus). Lors de I'expérience avec les
chimpanzés, Melis et al. (2009) n'ont pas obseméartage de nourriture, peut-étre parce
gue méme dans l'option inéquitable, il y avait wdeompense de chaque coté (mais pas la
méme quantité). Bien que les perrogquets soientbtepade communiquer de maniere
référentielle, tres peu de communication vocaleggestuelle ont été observées au cours des
expériences. Lors des actions conjointes le faitatemuniquer ses intentions aux autres, de
les recruter, permettrait pourtant de synchrongdedle coordonner les actions ou encore de
résoudre un conflit d’intérét comme par exemples lole I'expérience de négociation.
Néanmoins, durant ces expériences conduites chazrimates, les individus n'ont pas non

plus communiquéArticle 2).

Etude de la prosocialité

Au cours de nos expériences avec les 11 individesguatre especes différentes),
nous avons observé, comme chez les chimpanzéseiSak 2005 ; Vonk et al. 2008) et les
tamarins (Cronin et al. 2009), que les oiseauxrnétpient pas de I'opportunité de délivrer de
la nourriture a un congénére sans colt supplémergaur eux-mémes. lIs ont tous arrété de
choisir le bouchon qui ne les récompensaient pakau altruiste). Comme les chimpanzés
(Brosnan et al. 2005), les oiseaux n'ont pas maséne gain total possible en choisissant le
bouchon prosocial qui aurait permis de recevoir u@eompense a chaque essai, que

I'individu soit testé ou partenaire. Comme les gbémzés, les individus n’ont pas non plus
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développé des interactions réciproques (Brosnae &dal 2004; Brosnan et al. 2009; Pelé et
al. 2010). Nous avons noté également que le mahkna@& a volé a deux reprises la

récompense de la femelle apres avoir choisi le lmu@rosocial. Il est possible que dans la
situation ou la récompense est répartie entrenidisidus (lorsqu’ils choisissent le bouchon

prosocial) cette méme récompense soit percue comias importante, comparée aux

situations ou l'oiseau recoit la totalité (en clssant le bouchon égoiste). D’ailleurs on

observe que Griffin émet des signaux de frustratians cette condition prosociale, plus que
dans la condition égoiste mais moins que dans tditton altruiste. Contrairement a nos

prédictions, les oiseaux testés n'ont pas dévelalgppréférence pour I'item prosocial et les
perroquets gris de Nanterre ne se sont pas corspdifféremment en fonction du partenaire

avec lequel ils étaient testés. Ainsi, les indigichiont pas prété attention au sort de leur
partenaire sauf peut-étre Griffin qui en fin d’ekpace a choisi a de multiples reprise I'item

prosocial (dans le cas ou il était le second asihdArticle 4 et 5).

Lorsque nous avons modifié la valeur de litem paigl en créant une situation
inéquitable, les oiseaux testés n'ont pas réagnfee les chimpanzés ; Brater et al. 2006;
Brater et al. 2009) contrairement a ce qui avaiétpel observé chez les capucins (Brosnan et
al. 2010a) par exemple qui arrétaient d’étre priaancquand la différence entre la qualité (ou
la quantité) des récompenses était trop graAdecle 4).

Dans I'expérience ou un oiseau doit transférer aochon a l'autre, nous avons
observé de nombreuses actions réussies mémetsinsterts directs de bec a bec ont été treés
rares. Encore une fois, Léo ne développe pas dérenge entre l'item égoiste et prosocial
bien gu’en choisissant le premier il rend Shandicegt a coopérer. En effet, on observe que
Shango arréte de transférer le bouchon égoistexpéiimentateur de telle sorte qu’aucun
oiseau ne recoit de récompense et il va parfois enj@sgu’a prendre le bouchon égoiste et a
le jeter par-dessus la tabler(icle 4).

Le fait que Léo n'ait pas de préférences vis-aguvisort de son partenaire se retrouve
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au niveau de l'absence de discrimination faite eenés items égoiste et prosocial, les
individus testés ne considérant que leur proptasdn. Des essais supplémentaires auraient
pu permettre a Léo d’observer lissue plus favaraptovoquée par le choix de litem
prosocial. Ici, le peu d’'essais, mais aussi le dmi¢ parfois (et surtout au début) Shango
transférait le bouchon égoiste a pu retarder lapBssage.

Dans I'expérience ou les deux perroquets gris doo@gouaient avec des humains
aux stratégies différentes (égoiste, altrusite roitateur), nous observons que les oiseaux
tendent & suivre la stratégie de I'humain. Ains @éseaux choisissent le bouchon égoiste
quand I'’humain est égoiste (aussi avec I'imitajgaur Arthur), hésitent entre les deux avec
I'imitateur pour Griffin et avec le généreux pourttdur. Griffin choisit préférentiellement le
bouchon prosocial avec le généreux. Dans cetteriexigé on ne peut pas écarter le simple
fait que les oiseaux imitent 'humain, ce qui daoss les cas les conduient a recevoir une
récompense. La préférence pour I'un ou l'autre itlsas peut également venir du fait que
I’'hnumain I'ait choisi au préalable. En effet, emébion de la relation qu’un individu entretient
avec un congénere, celle-ci peut I'amener a I'imit@me si il ne recoit pas de récompense
comme ce qui a été montré chez les capucins (Bgradantification and Observationnal
Learning ; Bonnie & de Waal 2007). De plus ces auseont I'habitude d'assister a des

séances de Modéle/Rival durant lesquelles les mgtaiir montrent quoi fairé\(ticle 5).

Nous avons testé plusieurs espéces de psittacidésdas relations différentes entre
les individus en pensant que la nature (frere gpaite sexuel) et/ou la qualité (tolérance) de
la relation influenceraient les résultats. Comptaitdu faible nombre d’individus, il nous est
difficile de généraliser les résultats aux espeéCependant I'absence de considération pour la
situation du partenaire, observée chez nos 11 iohuly tend & montrer que de facon
spontanée, les psittacidés ne se comportent pasatéere prosociale dans des taches

artificielles, bien que nous observions des régatigns entre les individus appartenant a des
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couples (mais aussi des paires de méme sexe). Idétaster plus d’individus et lors de la

période de reproduction pourrait peut-étre condaictautres données, la différence entre le
comportement génétiquement prédéterminé de régtiggitet les réponses produites au cours
des taches artificielles est importante et néaeghits études en conditions contrélées en

laboratoire.

Etude de I'attribution de perception et d'intenson

Comme les chimpanzés, il est possible que dagletde négociation, les perroquets
(surtout Shango) aient attribué des intentionsuapartenaire qui pouvait ne pas étre disposé
a coopérer parce qu'il aurait préféré I'autre dolu{équitable). En effet, comme les primates,
nos oiseaux ont réagi differemment en fonctioniddges comportementaux disponibles lors
des différentes situations. Néanmoins ces quelgeesiées ne sont pas suffisantes pour
conclure si les perroguets comprennent que leeaissent avoir des états mentaux qui
guident leurs actions (Penn & Povinelli, 2007; PdarPovinelli, in press). Cependant,
guelques anecdotes concernant le comportementxdlAiesent a penser gu'il avait quelques
attentes concernant la représentation des autraguld leur demandait le nom d’un nouvel
objet (ou une de ses caractéristiques). Ainsi nais perroquets, au cours de I'expérience
d’attribution d’intentions, mordent le grillage quhl’humain n’est pas capable de leur donner
une récompense et expriment leur frustration ett®medes cris de quémande quand ce
dernier n'y est pas disposé. Dans le premier ¢aemble que les perroquets essayent de
résoudre le probleme en s’attaquant a l'obstaaesafjue dans la seconde situation ils
essayent d’attirer I'attention de I'expérimentatelues chimpanzés (Call et al. 2004) et les
capucins (Philipps et al. 2009) n'ont pas montrd@ifférence entre la condition « nargue » et
la condition « bloqué » en ce qui concerne le tedgktence avant de quitter le dispositif et

pour ce qui est de notre expérience, utilisanehaps de regard, nous n'avons pas mis en
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évidence de différence non plus. Les oiseaux qrérgant regardé ailleurs plus souvent dans
la condition ou I'expérimentateur était distrait d@nc ne manipulait pas les graines. Ces
oiseaux ont été élevés a la main et interagissantidiennement avec leurs soigneurs gu'ils
considérent comme faisant partie de leur groupkdis sont habitués a nous voir manger et
a réclamer (et a recevoir) de la nourriture etquanséquent cela peut expliquer pourquoi il est
pertinent pour eux de distinguer les intentions aimes. Cette étude montre que les relations
qui peuvent exister entre le propriétaire et I'aissont complexes et soulignent I'importance
des signaux de communications mais aussi leursiteg@rticle 7). Dans I'expérience ou les
individus avaient le choix entre deux sets d’obj@&cés I'un derriére un écran transparent et
le second derriere un écran opaque, les trois geete ont montré la méme tendance, a savoir
préférer I'écran transparent dans la condition é@t(nourriture) et au contraire aller vers
I'autre écran dans la situation test (objets intsydmais seul le sujet le plus agé a choisi
significativement plus la solution de se cacherci@eut éventuellement s’expliquer par une
plus grande expérience de ce genre de situatiorffEn il a été observé chez les corneilles la
nécessité d'avoir des expériences (de pillage noem) pour pouvoir améliorer leur
technique de cache et donc tromper leurs obsemga(8chloegl et al. 2007; Bugnyar et al.
2007). De maniére générale les oiseaux ont pris d&eision plus rapidement dans la
condition Contr6le que dans la condition Test, lgsagisse de se rendre derriere I'écran
transparent ou opaque. Ceci pourrait s’expliquerl@dait que I'oiseau comprend le risque
encouru a interagir avec les objets ou alors @stilplus attirés par de la nouriure que par des
objets. L'expérience va étre poursuivie avec desitperroquets gris afin d’'une part, de
pouvoir confirmer les résultats mais également ifi@rdncier I'attribution de facultés de
perceptions chez I'observateur (il ne me voit mhes)a simple perception de I'individu (je ne
le vois pas). Ainsi nous voyons que les signaux leyés au sein d'un systeme de

communication hétérospécifique sont multiples etgiexes Article 6).
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CONCLUSION ET PERSPECTIVES

Au cours des différentes expériences réalisées awass observé la capacité des
psittacidés a s’adapter a leur environnement phgsef social et a apporter des réponses
comportementales parfois inattendues lors de laamion de I'expérience. Nous avons
eégalement observeé les modulations d’expressiorcai@portements en fonction du contexte.
Pour ce qui est des comportements de coopératisenass, plusieurs hypotheses peuvent
apporter une explication a commencer par le fait cgs especes vivent longtemps au sein de
groupes stables et avec le méme partenaire sexwehtl long de leur existence, ainsi ils
doivent faire au mieux pour préserver cette reta{iemery et al. 2007). De plus il n’est pas
impossible qu'au cours de leur vie, les oiseauxsgmit étre amenés a agir de maniere
réciprogue bien qu’il semble que cela ne soit psntaire. Dans le cadre de nos expériences,
il est évident que I'apprentissage a jouer uneirbfgortant dans les perfomances observées.

La flexibilité comportementale, selon Sol (2009grast permise par un support
neuronal développé et donc un gros cerveau. Emiceogcerne les psittacidés je propose ici
une version adaptée de cette hypothése en tenapteplus précisément des caractéristiques
de ces especes. Le schéma reprend les diversethéyes et les interactions éventuelles
gu’elles développent entre elles. J'ai considéla fais les facteurs sociaux tels que la vie en
groupe, les dynamiques sociales de fission-fusibnlae monogamie mais aussi les
caractéristiques environnementales (explorationgreis dimensions, carte cognitive des
lieux de fructification, travail pour accéder a Iaourriture). Les autres éléments
caractéristiques sont la communication vocale gacerne males et femelles et le fait que les
individus peuvent apprendre tout au long de lear &nsuite la durée de vie des animaux qui
sont donc amenés a interagir de facon répétée laves congénéres, qui présentent une

période juvénile importante et des comportemenjsule
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Schéma récapitulatif des différentes hypothésesa@es pour expliquer I'origine d’un

cerveau plus développé

Groupe social, fission/fusion

/ N [ Flexibilte | [Captivite

Cerveau Social || Intelligence
Machiavellique

Environnement
— | :
Capa_c_ltes Cognition Apprentissage
cognitives hvsique permanent ,
Intelligence — l t Physiq deux sexes
relationnelle [ Complexite :
Sociale Taille Intelligence
cerveau technique
Monogamie /
Tampon Competences
Jeu cognitif vocales
(Variabilité)
| Social
Enfance ] Longevite Environement

Temps

Les zones colorées correpondent aux hypothesesg@ep. Le sens des fleches a été
choisi afin d’illustrer les caracteres qui étaigmis en considération dans les hypothéses
évoquées. Les couleurs correspondent aux diffépamtsmétres qui peuvent, selon moi, étre a
I'origine d’une variabilité des informations a texi et par conséquent de la diversité des
réponses comportementales a apporter. Ainsi onouatr les interactions avec
I'environnement physique (en bleu) et social (emge) mais aussi le facteur temps (en vert)
et une des modalités de communication a savoudealisations (en rose).

Bien entendu le support neuronal et les capacdgnitives sont liées et interagissent
'une sur lautre. En effet, la taille du cerveanflience les performances mais les les
interactions avec l'environnment modifie égalemémtstructure cérébrale. La flexibilité
comportementale permise par les connexions newsnglermet dexpliquer les

comportements observés lors des expériences.
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Bien évidemment des variations peuvent existeroactfon des especes compte tenu
de la diversité des lieux et mode vie : ainsi lkg est solitaire, nocturne et ne vole pas, le
kéa vit dans des conditions environnementales plrgtraignantes ensuite la taille des
groupes sociaux peut varier de quelques individasgntiellement des familles) pour les aras,
a plusieurs centaines chez les gris du Gabon siepits milliers pour les perruches ondulées

par exemple.

Ces études ont permis de mettre en évidence qté@atifes espéeces de psittacidés
étaient capables de résoudre des tache physigoessitant I'intervention de deux individus.
Cependant de maniére générale, les oiseaux senpvtater agir seuls autant que possible
plutét que coopérer. Bien souvent ils ont desdliffés a prendre en compte leur partenaire.
On remarque que les relations entre les individus/ent influencer le résultat. Bien souvent
la plupart de nos expériences n’étaient pas petised’'un point de vue écologique car 1) les
animaux vivent dans un milieu ou la nourritureastndante et facilement accessible pour un
individu seul et 2) il s’agit d’espéces sauvagegri@pisées qui n'ont pas été sélectionnées
pour communiquer avec des étres humains. Cepeadacburs de nos travaux, nous avons
mis en évidence des comportements soulignant gexités latentes similaires a ce qui peut
étre mis en ceuvre a I'état naturel. En effet, Issaux interagissent avec leurs congénéres et
doivent étre capables de tirer de l'information tipente a partir de I'observation des
individus et de leurs interactions (comme lors’dpdrentissage de la communication vocale
par exemple). De méme des comportements de comperistent chez ces oiseaux, qu'il
s’agisse de I'élevage des jeunes ou de la défanserdtoire, bien que des actions conjointes
puissent étre réalisées sans considération paant@ortement des congénéeres. De méme les

individus d’'un couple ou d'une famille se toilettemutuellement réalisant ainsi des

comportements réciproques et enfin les males régatgaux femelles lors de la période de
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reproduction (altruisme a court terme, l'investiasat permétant de maintenir la relation
avec la partenaire et donc d’assurer la paterf@épéochaine ponte).

Il semble que les actions coopératives observées lds especes testées étaient la
conséquence de l'expression de leur flexibilité portementale ; c'est-a-dire le résultat
d’actions individuelles basées sur une motivatiooppe de l'oiseau qui par le fait que les
animaux partagent le méme objectif et supporterdximité, conduisent a une coopération.
Cependant quelques éléments laissent a pensereguimdividus comprennent parfois la
nécessité d’'un partenaire. En effet, au cours désrehtes taches, les oiseaux ont montré
gu’ils prenaient en considération la présence dtepaire (mais non pas son réle).

Concernant les perroquets gris du Gabon, il s'diitdividus éclos en captivité et
élevés a la main, ils ont tendance a développeralatsons privilégiées vis-a-vis d’'un étre
humain en particulier et considerent les persomnestituant I'environnement social comme
faisant partie du groupe social. C’est ainsi q@ediseaux peuvent entrer dans des processus
de compétition pour obtenir I'attention ou une mpense, de méme ils sont capables
d’adapter leurs comportements en fonction des @sdifournis par 'humain comme le
pointage, le regard (ou trouver ou éviter une n@s®) ou encore de déterminer les intentions

d’'un expérimentateur (distrait, pas capable, pagldéprosocial, égoiste).

Limites de I'étude

Le nombre d’individus étudiés constituent la limb@jeure de notre travail. En effet,
les résultats obtenus ne sont pas extrapolableseste de I'espéce (et de la famille)
néanmoins nous pouvons tout de méme conclure gukmir capacité a résoudre ces taches
artificielles. Dans le domaine de la cognitiorsuffit que I'on mette en évidence une capacité
chez un seul individu pour conclure qu’elle exetesein de I'espéece . En cas d’échec rien ne

peut étre affirmé. Il est important également déciger que les connaissances actuelles sur
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ces animaux proviennent en grand majorité de geslindividus ; Alex (et quelques autres)
pour l'utilisation du langage humain et les traidividus de I'université de Nanterre pour les
études de cognition sociale. Détenir des psittacida captivité constitue une source
d’interrogation d’'un point de vue éthique (tout coambeaucoup d’animaux sauvages) de par
les besoins en termes d’'activités et d’espace deespéces pour une expression normale et
compléte de leur répertoire comportemental. Paségquent, augmenter I'effectif passe par
I'établissement de collaborations évitant ainshlbduire de nouveaux individus. De méme,
de maniere plus pratique ces oiseaux demandereégpmte et représentent un colt a I'achat
et a I'entretien et les soins quotidiens sont @gtrants pour la recherche.

Le faible nombre d’individus et de groupes fait gles variables telles que le sexe,
I'age ou les différences de relations socialegénghie par exemple) n'ont pas pu étre testées.
En effet, les primatologues observent des diffégsremtre des groupes de chimpanzés dans la
maniére dont ils coopérent ou encore si ils partade la nourriture par exemple. De méme,
des études réalisées avec les kékestor notabiliy montrent également que la résolution de
taches dépend du groupe. Ainsi dans I'étude de itleldd al. (1996), la non-linéarité de la
hiérarchie permet aux oiseaux de trouver un sulmorélgui sera alors contraint de coopérer.
Ce comportement de menace n'a pas été observélatadsux autres études (voir revue de
Huber et al. 2008).

Nous manquons également de données concernarmideoftnement des groupes de
perroquets gris du Gabon, l'organisation socialécige mais aussi I'existence d'une
hiérarchie ou encore de la défense d’un territpinreexemple. Il serait également pertinent de
tester des couples et des dyades (non appariéasjieaimettre en évidence d’éventuelles
différences comme le fait de ne coopérer qu'avecpeatenaire sexuel par exemple, comme
cela a été observé chez les aras chloroptére (Bpit2009). En effet, la monogamie semble
étre un élément a considérer également chez lésqdés comme facteur influencant le

développement du substrat neuronal. De méme,dltdatéressant d’observer la coopération
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des individus dans le cadre d'une compétition adewitres congénéres comme ce que
pourrait expérimenter un couple qui cherche unxcarbre pour établir son nid. Le nombre
d’espéces testées constitue également une limiteceenqui concerne les modeéles
d’organisation sociale. En effet, il aurait été Isaitable de tester des oiseaux présentant
guelques caractéristiques particuliéres dans leatende vie tel que des espéces polyandrique
ou encore des perroquets qui coopérent a pluswemmir élever les petits. Cependant, ceci
est toujours possible notamment dans le cadre piojet plus large. Les oiseaux ont été
testés dans des taches artificielles et dans lee cdihteractions hétérospécifique (avec
’'Homme). Bien que cette approche ne soit pas pamte en ce qui concerne la biologie des
especes, elle permet néanmoins d'étudier, danscdeditions controlées, les capacités
cognitives de ces oiseaux en nous affranchissast aemportements pré-déterminés
génétiquement (comme la régurgitation ou le hancétdé de prédateur). Ensuite le fait
d’avoir testé des oiseaux élevés a la main (danadeles perroquets gris du Gabon) constitue
un biais concernant les résultats obtenus cepenctamime pour les primates, les interactions
avec 'homme sont inévitables en captivité et nevpat que modifier I'expression de
compétences déja existantes aussi bien vis-a-gigtlractions sociales que des compétences
liés a l'attribution d’états mentaux. Des différeaentre les individus sauvages et imprégnés
peuvent survenir notamment lors de [I'emploi d'unstégne hétérospécifigue de
communication référentielle. Ainsi nos trois pewets utilisaient un méme son (élément du
répertoire vocal, spécifique du groupe) pour réelamm item (alimentaire ou non) alors qu'ils
utilisaient des labels différents en fonction decktégorie de l'objet tels que ‘stylo’ ou
‘rouleau’ pour désigner un objet ou ‘cacahuéte’raisin’ pour désigner un aliment (Giret et

al. 2009 c).
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Projet PReCog (Parrot Research group on Cognition)

A partir de 2009, j'ai débuté mon projet de créee base de données regroupant les
travaux sur les psittacidés et ce dans le domadria dognition physique et sociale mais aussi
de la communication. Afin de développer une appeosiiégrative des psittacidés nous
aborderons aussi la biologie, la conservation st pathologies. Il s’agit de mettre a
disposition des chercheurs les articles, photatéos, protocoles et fichiers sons concernant
ces espéces. Le projet prévoit également de dgyalam réseau de collaborations réunissant
des équipes et des laboratoires différents, partlauts le monde afin d’améliorer nos
recherches en augmentant le nombre d'individugj(éeest trés souvent reproché lors de la
soumission d’articles) mais aussi de comparer gpgaes ou des conditions de vie.

C’est dans cet esprit que j'ai réalisé mes travdenthése, notamment en mettant en
place des collaborations, puis des protocoles deerehes. Ainsi je me suis rendu dans les
universités de Prague, de Vienne, d’'Hambourg ead/erd pour des périodes plus ou moins
longues (une a six semaines) grace a l'obtentionfid@gncements. Certaines de ces
collaborations ont donné lieu a des publications.site internet est en cours de création afin
de faciliter les échanges mais aussi de mettregosition des autres chercheurs et du public
les connaissances actualisées.

Ce projet va se poursuivre par la suite gracepaitticipation de structures d’accueils
(Ferme de Conservation zoologique a Vierzon, Fraecde collaborateurs (Dr. Lindova, Dr.
Pepperberg). Un projet Egide en collaboration d\miversité de Prague a été déposé pour
2011 afin de poursuivre nos travaux sur les capadabgnitives des psittacidés dans des

conditions sociales.
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obligatoire L3), Cynthia Froc (stage facultatif MBaphaelle Malassis (stage facultatif L2),
Nicolas Dollion (stage facultatif M1), ChristelleeBder (stage facultatif M1), Rémi Aubrun
(stage facultatif L3), Laureline Chaise (stage fatii véto 2), Jeanne Bovet (stage facultatif
M1), Anastasia Krasheninnikova (stage facultatifM2niversité d’'Hambourg, dans le cadre
du projet européen INCORE.

Accueil de lycéensdans le cadre de I'association Paris Montagnex ddudiants, chacun
durant une semaine, pour leur faire découvrir lededa recherche.

Participation au jury deZina Skandrani, Master 2 du Cogmaster, réalisé lsodsection du

Pr Hauser. (Juin 2010) ‘Do dog€4dnis lupus familiaris acquire categories among humans
that guide their preferences?’

Activité d’enseignement

Université Paris Ouest Nanterre La Défense

Tutorat/TD : Biologie, Neurobiologie, Psychophysigie, Ethologie, Méthodologie (110h)
TP : Psychobiologie comparée (132h) et CM : EthieldOh)

Université Paris Descartes et Ecole Nationale \f&ée d’'Alfort

CM : Ethologie (12h)

Activités de Recherche et de Développement :

Recherche dans le domaine de I'éthologie fondametea

-Etude de la cognition sociale chez les psittac{@éague, Vienne, Hambourg, Boston).
-Evaluation du bien étre animal par I'étude desshiagnitifs.

Recherche dans le domaine de I'éthologie appliquée

-Aménagement du milieu pour les psittacidés.
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-Développement de produits olfactifs pour les chi@ENVA/Paris 13/Nat’Ex Biotech).
-Etude de I'occupation de I'espace au sein d’'urugeode chien (AVA).

Recherche dans le domaine de la clinique vétérinar.
-Pathologies aviaires (Chlamydiophilose, Virose piEtacidés) (ENVA/AFSSA).
-Méthodes de contentions et prélevements chezsldagdes.

-Etude de la Desloréline pour prévenir les tumewasmaires de la rate (Virbac).

Implication scientifique

Projets en cours

-Fondateur du projet PreCog(Parrot Research group on Cognition): Créatiome’base de
données regroupant I'ensemble des connaissancgmniikes concernant les
psittacidés et mise en place de collaborationgriat®nales pour la réalisation de
projets communs.

-Collaboration avec le Dr Irene PEPPERBERG ltmiversité d’Harvard, le Dr Ralf
WANKER de I'Université d’Hambourg, le Dr Jitka LINDOVA del'Université de
Prague et le Pr Shigeru WATANABE dé&Université de Tokyo sur la cognition
physique et sociale des psittacidés.

-Membre du Projet Odeur, développé en collaboratwac 'ENVA (Pr DEPUTTE, Dr
REYNAUD), I'Université Paris 13 (Dr FERON) et I'eneprise Nat’'Ex Biotech.
-Collaboration avec le Dr GROSSET et le laborat®idac pour I'étude pharmacologique

de la Desloréline dans la prévention des risqudameur mammaire chez la rate.

-Membre du pdle identitaire n°5 de I'Université BaDuest Nanterre la Défense : ‘L’humain
en
devenir’ ; atelier ‘Cognition et Emotion’ sous lmetttion de Gérard LEBOUCHER.

-Co-organisateur du ler Symposium d’éthologie vétémaire, 10-11 Septembre 2011,
ENVA.

Projets passeés

-Membre duprojet européen ‘What does it mean to be human(6" PCRD ; Origins of
referential communication ; projet achevé fin 2008) INCORE (Integrating
Cooperation Research Across Europe projet achevé fin 2010) sous la direction de
Dalila BOVET.
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-Membre du projet ‘L e Pigeon en ville : Ecologie ld réconciliation et gestion de la nature’
de la région lle-de-France (Partenaires : OrsayHMNLPO, AERHO).

-Organisateur du symposium ‘Cooperation : cognitiveprocesses, tolerance & efficiency’
durant le congres de I'European Conference of Behawral Biology 2010,
Ferrara, Italie.

Expertise

-Ethic reviewer pour Animal Behaviour

-Membre du comité d’éthique pour I'expérimentation animale Charles Darwin
(enregistré aupres du CNREEA sous le numéro 05)¢6iers par mois environ).

-Membre du comité scientifique deRFandation Droit Animal, Ethique et Sciences.

-Membre du comité scientifique def@rme de Conservation Zoologique

-Consultant pour le magazinBcience & Viesur les questions de comportement et de bien-
étre animal (Les poissons ressentent-ils de laedo® Consultation du 17 mars 2010)

-Membre du groupe de travail pour une commissidngae a I'Université Paris Ouest
Nanterre la Défense pour la recherche en psycholugnaine.

-Membre du groupe de travail pour la création d'groupe d'étude spécialisé en
bioacoustique au sein de3aciété Francaise d’Acoustique

Communications scientifiques
Publications dans des revues internationales a comité de lecture

Articles acceptés ou en révision

3) Péron F. Rat-Fischer L., Nagle L. & Bovet D. 201thwilling versus unable: Do grey
parrots understand human intentional actions?nteraction Studied1 (3) 428-441

2) Giret N.,Péron F., Lindova J., Tichotova T., Nagle L., Kreutzer Miymr F. & Bovet D.
2010 Referential learning of French and Czech labels irAfrican grey parrots
(Psittacus erithacup different methods yield contrasting results. Behavioural
Processes35 (2) 90-98

1) Giret N.,Péron F., Nagle L., Kreutzer M. & Bovet D. 2008pontaneous categorization
of vocal imitations in African grey parrots (Psittacus erithacus Behavioural
Processes32 (3) 244-248

-Guidelines for the treatment of animals in behaviaral research and teachingAnimal
Behaviour(revised in 2010, will be publish in 2011)
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-Péron F, Rat-Fischer L., Lalot M., Nagle L. & Bovet Dooperative problem solving in

African grey parrots (Psittacus erithacus In revision Animal Cognition

Articles soumis ou en preparation

-Péron F., Rat-Fischer L., Lalot M., Nagle L. & Bovet [3ocial preferences and
negotiations during a cooperative task in African gey parrots (Psittacus
erithacug. Submitted

-Péron F, Colléony A., Liévin A., Nagle L. & Bovet DDo psittacids take others' welfare
into account? Submitted

-Péron F, Liévin A., Colléony A., Nagle L. & Bovet DCooperative problem solving in
budgerigars (Melopsittacus undulatusSubmitted

-Péron F, Chardard C., Nagle L. & Bovet D. Do African grpgrrots Psittacus erithacys
know what an experimenter does and does not sdeflithed

-Péron F., John M., Sapowicz S., Bovet D. & PepperbergdDbd grey parrots learn

prosociality? Submitted

Publications dans autres revues

-Péron F. Capacités cognitives des perruchesumis.Revue des oiseaux exotiques

-Péron F. & Grosset C Dilatation du proventricule : Etats actuel des caonaissances
soumis.Revue des oiseaux exotiques

6) Péron F. 2011Les animaux sont-ils sensibles a l'injusticeRevue de la Fondation Droit
Animal, Ethique et Sciencggiccepté)

5) Péron F 2011Les interactions hommes-perroquets: comment commuquer? Revue
de la Fondation Droit Animal, Ethique et Sciendgscepté)

4) Péron F 2011 Travailler ensemble pour obtenir plus: la coopératbn chez les
perroquets. Revue de la Fondation Droit Animal, Ethique eeS8ces (accepté)

3) Péron F 2010Critéres d’évaluations de la douleur chez les ronges. Revue de la
Fondation Droit Animal, Ethique et Sciencéxt

2) Péron F. 2010L’identification des rongeurs en laboratoire : unecause potentielle de
douleurs. Revue de la Fondation Droit Animal, Ethique et Bo@s.Oct

1) Grosset C. &Péron F. 2010 Viroses des Psittacidés, actualités diagnostiques e

thérapeutiques L'Essentiel 176,33-35.
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Autres publications

-Péron F. Coopération et compétition chez les psittacidésplication des processus
cognitifs. 2010 (these de doctorat en éthologie)

-Chateigner C.Péron F. & Zebdi R. ‘Les journées de la recherche en Palgglie’. Sous la
direction de G. Leboucher et P. Attigui. Univergiaris Ouest Nanterre. 2009.

-Péron F. Apprentissage référentiel chez les perroquets dyriGabonHsittacus erithacys

Approche expérimentale. 2008 (thése de doctoratinéire)

Conférences en tant qu’invité

1) Péron F. Le perroquet: une cervelle d'oiseau ENVA 25/11/08.

2) Péron F Intéractions homme-perroquet ENVA 21/01/10

3) Péron F. Social Cognition of African grey parros Evolution and development of logic
and sensibility. Université de Keio, Tokyo, Jape+10/03/10.

Invité a des séminaires

1) Péron F. The social brain hypothesis in psittacidsUniversité de Vienne, 29/10/08.

2) Péron F. Communicative and cognitive abilities of African gey parrots (Psittacus
erithacug, Université de Prague, Républiqgue Tchéque, 11/05/09

Communications orales

1) PéronF., Giret N., Nagle L., Kreutzer M. & Bovet @omparison of three methods for
referential communication learning in African grey parrots (Psittacus erithacuk
Fourth meeting Ecology & Behavior, Toulouse, Frarid#03/08.

2) Péron F., Giret N., Nagle L., Kreutzer M. & Bovet [Referential communication
learning with human words in African grey parrots (Psittacus erithacus 5™
GDR d'Ethologie, Villetaneuse, France, 15/05/08.

3) Giret N.,Péron F., Nagle L., Kreutzer M. & Bovet DReferential acquisition of human
labels in African grey parrots (Psittacus erithacuf efficiency of a new learning
method;, 4" European Conference on Behavioural Biology, Dijdfrance, 18-
20/07/08.

4) Péron F., Giret N., Nagle L., Kreutzer M. & Bovet [5pontaneous categorization in
African grey parrots (Psittacus erithacup during referential communication
learning. Vocal Communication in birds and Mammals, St Asvas, Scotland, 31/07
— 2/08/08.

209



5) Rat-Fischer L.Péron F, Nagle L & Bovet D.Avian social cognition: Tolerance,
synchronization, coordination and cooperation in Afican grey parrots (Psittacus
erithacug. 5th Meeting Ecology & Behavior. Lyon, France, §a4J09.

6) Péron F, Lalot M., Nagle L & Bovet DDo African grey parrots (Psittacus erithacups
show prosocial behaviour?Social genes, social brain and socials minds; @ogp
Budapest, Hongrie, 13-16/05/09.

7)Péron F. Coopération et sélection naturelle: une réelle cordadiction? Module
pluridisciplinaire: I'évolution en chantier. Unis#é de Nanterre, France, 3/06/09.

8) Rat-Fischer L.Péron F, Nagle L., Bovet DCapacités cognitives des perroquets gris
du Gabon (sittacus erithacus dans une tache de coopérationSupporting
engagement of female researcher® IBcore workshop. Université de Nanterre,
France, 1-3/07/09.

9) Péron F, Nagle L & Bovet D.African grey parrots: an avian model for social
intelligence studies Symposium: The use of vertebrate model systemssutdy social
evolution, Adelboden, Suisse, 15-18/08/09.

10) Péron F Un perroquet peut en cacher un autre : les aléas de recherche en
cognition sociale 15°™®
d'Histoire Naturelle, Paris, France, 14-15/12/09.

11) Péron F, Giret N., Lindova J., Tichotova T., Nagle L.,dttzer M., Tymr F. & Bovet D.

congres des étudiants-chercheurs du Muséum Néationa

Referential learning of words in African grey parrots (Psittacus erithacuk
different methods yield contrasting results The 5th topical meeting of the
Ethologische Gesellschaft, Berlin, Allemagne, 2102A10.

12) Péron F, Rat-Fischer L., Heidocker F., Nagle L. & Bovet Doordination and
negotiation during a cooperative task in African gey parrots. ECBB, Ferrara,
ltalie, 15-18 Juillet 2010.

13) Péron F., Wanker R., Nagle L. & Bovet .DFrom social manipulation to altruism:
flexible cooperation in psittacids.Final TECT-INCORE School: ‘Cooperators since
life began’, Budapest, Hongrie, 11-15 Septembreéd201

14) Péron F, Rat-Fischer L., Lalot M., Simon J., Duhautois Maitre P., Heidocker F.,
Nagle L. & Bovet D.Cooperation in African grey parrots: dealing with the
apparatus and the partner. INCORE conference. Cooperation: an interdiscgiyn
dialogue. Budapest, Hongrie, 17-18 Septembre 2010.

Communications affichées
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1) Péron F, Giret N., Nagle L., Kreutzer M. & Bovet [How parrots (Psittacus erithacups
say the words Umwelt: How living beings perceive the world, RBarFrance,
18/02/08.

2) Péron F, Giret N., Nagle L., Kreutzer M. & Bovet [Latégorisation spontanée chez des
perroquets gris du Gabon Psittacus erithacus L'environnement périnatal :
incidences sur le développement psychobiologiqoegeR, France, 20/03/08.

3) Péron F, Giret N., Nagle L. & Bovet D.Pterotillomania. 5™ GDR d'éthologie,
Villetaneuse, France, 15/03/08.

4) Péron F, Giret N., Nagle L., Kreutzer M. & Bovet [ICatégorisation spontanée d'items
chez des perroquets gris du GabonPGittacus erithacus 5™ GDR d'éthologie,
Villetaneuse, France, 15/03/08.

5) Péron F, Giret N., Nagle L. & Bovet DEst-il éthique de garder des perroquets en
captivite? L'exemple de la pterotillomanie chez deperroquets gris du Gabon
(Psittacus erithacup 34 Colloque de 'AFSTAL, Strasbourg, France, 4-6/86/0

6) Péron F, Giret N., Nagle L., Kreutzer M. & Bovet DAfrican grey parrots (Psittacus
erithacug are able to categorise items spontaneously usingiman words. 4"
European Conference on Behavioural Biology, Dijarance, 18-20/07/08.

7) Péron F, Giret N., Nagle L., Kreutzer M. & Bovet DLes facteurs influengant
I'apprentissage d'une communication référentielle lsez des perroquets gris du
Gabon (Psittacus erithacus Société Francaise de Psychologie, Bordeaux, Eranc
10-12/09/08.

8) Péron F, Giret N., Nagle L., Kreutzer M. & Bovet BConvergences des mécanismes
d'apprentissage et d'emploi des mots chez des pequets gris du Gabon
(Psittacus erithacup et chez 'homme ?Systématique et comportement, journées
annuelles SFS, Paris, France, 1-2/10/08.

9) Rat-Fischer L.Péron F., Nagle L., Giret N., Al Ain S., Kreutzer M., VicR.J., Anderson
J.R. & Bovet D Etude de la cognition chez les perroquets gris dudbon (Psittacus
erithacug. Cognivence, forum des sciences cognitives, Parasde, 23/03/09.

10) Péron F, Rat-Fischer L., Nagle L & Bovet [Cognition sociale chez les Psittacidés: le
comportement de coopérationColloque Jeunes Chercheurs en Sciences Cognitives.
Toulouse, France, 09-11/06/09 (Prix du meilleurt@gs

11) Rat-Fischer L.Péron F, Nagle L & Bovet D.Coopération pour la résolution d'un
probleme chez les Gris du Gabon Rsittacus erithacus Société Francaise de

Psychologie. Toulouse, France, 17-19/06/09.
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12) Péron F, Rat-Fischer L, Nagle L & Bovet [kocial interactions in Psittacidae during
a cooperative task.31" International Ethological Conference. Rennes, €gah9-
24/08/09. (Bourse de la SFECA)

13) Bovet D., Giret N.,Péron F, Albert A., Nagle L., MikiOsi A. & Kreutzer M.
Functionally referential communication skills in African grey parrots (Psittacus
erithacug 31" International Ethological Conference. Rennes, Feah8-24/08/09.

14) Péron F, Rat-Fischer L., Nagle L. & Bovet e rble du partenaire dans la résolution
d'une tache de coopérationPIRSTEC, Paris, France, 23/10/09.

15) Péron F. & Bovet D. Le perroquet gris du Gabon : interpréte et messageuniversel.
Cognifiction - PIRSTEC, Paris, France, 23/10/09.

16) Péron F, Duhautois S., Simon J., Rat-Fischer L., Nagl&LBovet D. Different role
taking in a cooperative task in African grey parrots (Psittacus erithacuk
specialisation or task misunderstanding ASAB winter meeting, London, UK, 3-
4/12/09.

17) Péron F.,Liévin A., Colleony A., Malassis R., Dollion N., ijke L. & Bovet D Testing
cooperative abilities in budgerigars Melopsittacus undulatus INCORE
conference. Cooperation: An Interdisciplinary Dgle. Budapest, Hungary. 17-
18/09/10

18) Péron F, John M., Sapowicz S. & Pepperberg I.Mfrican grey parrots did not
maximize the payoff when they play at a token exclmge task successively.
INCORE conference. Cooperation: An InterdisciplinBialogue. Budapest, Hungary.
17-18/09/10

19) Péron F.,Colleony A., Liévin A., Malassis R., Dolion N., Niag.. & Bovet D.Prosocial
behaviour as a condition to maintain cooperation ina token exchange task in
African grey parrots. INCORE conference. Cooperation: An Interdisciplnar
Dialogue. Budapest, Hungary. 17-18/09/10

20) Péron F.,Lalot M., Simon J., Duhautois S., Froc C., Aubrun Ragle L. & Bovet D
Testing prosociality in psittacids INCORE conference. Cooperation: An
Interdisciplinary Dialogue. Budapest, Hungary. B8/6D/10

21)Péron F, Giret N., Nagle L., Kreutzer M. & Bovet PHuman-parrot interactions: How
to communicate?ASAB winter meeting, London, 2-3/12/2010

Financements obtenus

Allocation ministérielle (49000 euros)Monitorat (10000 euroy Bourse de I'Université

Kéio de Tokyo 8200 euro}y Bourse INCORE(2750 euros),Fondation Dufrenoy2400
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euros),Bourse ED 1392000 euros)Bourse Aires culturelles 0500 euros)Financement
LECC (680 euro} Financement UFFSPSE(250 euros)Bourse SFECA250 euros)Bourse
ESF-Compco@250 euros).
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Compétition et coopération chez les psittacidés miplication des processus cognitifs

Résumé +es animaux vivant au sein de groupe sociaux doiggmer des interactions
diverses et multiples avec leurs congénéres. Latibjede ma these portait sur les
comportements sociaux chez les pisttacidés etgri@sément I'évaluation de leur aptitude a
adapter leurs comportements vis-a-vis d’'un congérms d’'un humain, gu’il s’agisse
d’actions conjointes, d'attributions d’états memtaau de comportements prosociaux. Les
oiseaux testés (perruche et gris du Gabon) ontagtables de coopérer et les perroquets ont
appris a attendre le partenaire et a prendre erpteota nécessité de la présence d'un
partenaire mais pas son role. Les quatre especesitigcidés testées n’ont pas profité de
I'opportunité de récompenser un partenaire sans igiplémentaire. Les gris du Gabon ont
montré qu'’ils étaient capables d’adapter leurs amements en fonction de ['état

attentionnel et des intentions d’'un expérimentateur

Mots clés: Cognition sociale, Coopération, Comportementsacal, Théorie de I'esprit.

Competition and cooperation in psittacids: cognitie processes implication

Abstract-Animals living in social groups have to manage divand multiple interactions

with their conspecifics. My thesis dealt with sdécl@haviours in psittacids and more
preciselythe valuation of their ability to adapt their belwaws according to a partner whether
it was cooperative actions, mental states attputr prosocial behaviours. Tested birds
(budgerigars and grey parrots) were able to cotpenad grey parrots learned to wait for the
partner and took into account the necessity ofptlesence of a partner but not his role. The
four psittacids species tested did not take theamidge to deliver food to a partner at no
supplementary cost. Grey parrots showed that theyevable to adapt their behaviours

according to the attentional state and the intestmf an experimenter.

Keywords Social cognition, Cooperation, prosocial behaviotiheory of mind.



