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Influence de la musique, préférences musicales et production sonore et rythmique chez les
perruches calopsittes et les corbeaux a gros becs

58 y2YoNBdzaSa KeéelLRdiKsasSa 2yid (GSyiS RQSELX A
f QK di&Y, IDgs études ont montré que les animaux #wmains, et notamment les
oiseaux, pouvaient aussi y étre sensibles. Nous nous sommes donc intéressés a la sensibilité
Ydza A OF £ § OKST R S:dek calSpsittds ééganteselés karb®duxzEgras be
b2dza I @2ya SidzRAS f QAYy Tt dzSyO0OS RS I  YdzaAljdzS
la musique, surtout consonnante, induit des difféerences comportementales et des
interactions positives chez les calopsittes mais pas chez les corbeaux. Une étud
comparative effectuée chez les enfants montre des résultats similaires a ceux des
calopsittes. Nous avons aussi étudié les préférences musicales des oiseaux, pour les
corbeaux en évaluant leur distance par rapport au Raatleur diffusant la musique gtour
les calopsittes en leur proposant un écran tactile leur permettant de déclencher différents
types de musique certaines calopsittes ont montré des préférences individuelles, mais pas
les corbeaux. Enfin nous avons étudié leurs productions sondeescalopsittes ont produit
RATFSNByGa azya | oSO RSa 202Sda YAa b f SdzNJ
outil dans ce but. Les tambourinages spontanés avec le bec montrent une certaine régularité
chez les deux especes. Ce travail a permisndatrer que les calopsittes remplissaient
plusieurs criteres caractérisant la musique. Il a aussi permis de discuter plusieurs hypotheses
LR NI YyG &adzN) £f QS@2f dziA2y RS 1 YdzZaAljdzSe® 5S LIX

étre animal.

musique; musicalité; oiseaux; cacatuidae perroquets; corbeaux; influence de la

musique; préférences musicalesproduction sonore; rythme



Influence of music, musical preferences and rhythm and sound production in cockatiels
and jungle crows

Many hypotheses tried to explain the appearance of music in mankind. Some studies
showed that noFhuman animals, and specifically birds, would be sensitive to music too.
Thereby, we studied musical sensitivity in two species of birds: cockatidlgungle crows.

We studied the influence of music by broadcasting them several types of music: music
induces behavioural differenceand positive interactions in cockatiels, particularly for
consonant music, but not in jungle crows. A comparative stwiti children also shows
L2aAiGA@S STFSOdGa 2F YdzaAO 6L NI AOdzZ | NI &
preferences, for the crows by recording their distance to the loudspeaker broadcasting
music and for the cockatiels with a touch screen allowingrthte trigger several types of
music: some cockatiels displayed individual preferences, but not the crows. Finally we
studied their sound productions by providing the cockatiels with several supports producing
sounds and by analyzing beak drumming sequencethose two species: the cockatiels
produced several sounds with the provided objects, one of them even using a tool in that
purpose. The drumming sequences show some regularity in both species. This work showed
that the cockatiels fulfill several criterthat characterize music. It also allowed us to discuss
several hypotheses regarding the evolution of music. Furthermore, it could inspire some

ideas concerning animal welfare.

music; musicality; birds; cacatuidae parrots; crows; influence d music; musical

preferences,; sound production; rhythm
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j dzQt y23GNB Y2NIz OS az2tSAatx OS OASt Si
sous des formes analoguearts les milieux des générations futures.

[ Sa OK2asSa yS a8 RAaLRaSyd LI & &aSdzZ SYySyid RlIya fSa R
RAYSyairzy aQe F22dz2iSz OSttSa RS& YAtASdzE RlIya fSald
nouvdles.

En nombre infini, les milieux fournissent, dans cette troisieme dimension, le clavier sur lequel la nature joue
sa symphonie de signification sugemporelle et extraspatiale.
glisse en se jouant une main invisible.

A nous, pendant la vie, de constituer, avec notre milieu, une touehes de clavier prodigieux sur lequel

Jacob von UexkilMondes animaux et mondes humaissivi deLa théorie de la significatiorp. 173,
Denoél, Paris, (1965).

Toutes les illustrations sont de Blaimk Le Covec
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Introduction générale

«Quand nous voyons un oiseau male étaler orgueilleusement, devant la femelle, ses
LJ dzYS&a 3INI OASdzaSa 2dz aSa aLi SYRARS& O2dz Sdz
partagés, ne se livrent & aucune démonstratieemslable,il est impossible de ne pas
admettre que les femelles admirent la beauté des maleécrit Darwin 1881, pp. 9798).

t F NOS 1jdzQSttS &4ddza3a8NB RS&a aAYAftFINRGSA SyidiNB
les animaux, cette phrase remet €nl dza S f QARSS aSt2y 1 1jdzSttS a
aSyaroftsS t ftQSaGKSGALldzS S t f ohingdphe eseli G S NE
(2011), pour lequel il est faux de considérer que les animaux ne peuvent avoir aucune
activité artisique.

De fait, les origines de l'art pourraient étre dérivées, entre autres, de la ritualisation de
certains comportements animaux que les humains auraient imités : par exemple dans le
cadre de la sélection sexuelle, les chants et les danses des oisesnremh un certain
nombre de similarités avec ceux des humgierpooten & Nelisser2009). Ainsi, bien que
f QSGdzZRS RS I &dzo2SOGAGBAGS FYAYFES a2Aal0 GNB
NERAZANE f I LJAeOK2ft23ASIHRSLE{ Q8Y RS IRRdzy |j Hziizi RIB
Aebischer, 2015)En plus de soulever un certain nombre de questions éthologiques et
O23ayAGAQGSas fQSELX 2Nl A2y RSa Olpddéfulemedts | NI A
nous permettre de mieux comprendre les®ad8 SiG f I LIKeé&f 23Sys§asS RS f
I dza&A dzy OSNIIAY y2Y0ONBE RQAYUISNNRIlIGAZ2Yya LK
RQIF dziNBa SalLlsoSa y2dza L}R2dzadasS t NBO2YaARSNBNI
Rdz LINPBLINBE RS f QK2YYS®

I. La musique

1. Les origines

La musique estpetg 1 NB f QdzyS RS&a L dza | yOASYyySa T2N¥Y

dans toutes les cultures humaines (Merriam & Merriam, 1964) et de nombreux auteurs
19



O2YyaARSNBY G 1jdzQSt t S 86 aNatandbé et@S RES IMcBexr®8 G I LILJ
Hauser, 2005 ; Sugimoto et al., 2010). Il a par exemple été montré que des populations
RO2NAIAYSE Odzf G§dz2NBff Sa RAFFSNBydSa SalASyd
induites par de la musique (Balkwilll8ompson, 1999 ; Frig al., 2009).

Cette dimension universelle dans la production et la perception de musique souléve un
certain nombre de questions quant a son origine et sa valeur adaptative. De ce fait, de
Y2YONBdzaSa KeLRGKsaS&2FyBYSAHESEEOR QB HzLIAASIADES N
Cependant, parce que les chants et les rythmes sont immatériels et ne laissent pas
forcément de traces physiques, il est difficile de savoir exactement quand et comment la
musique est apparue. Pour certains cherchelarsnusicalité serait apparue avant le langage
6aAlKSYX Hanp0o T RQIFdzANBA LISyaSyd [jdzS Ydzaald
et méme moyen de communication, avant de se séparer (Brown, 2000). L'écho est sans
R2dzi S f Qdzy S RS a eslsihhiras explbiBes pablés lhignNiksS patze qu'il était
supposément relié aux dieux, par ce biais, ils essayaient de communiquer ayRaulij
2000. Les cavernes, grace a leurs réverbérations, seraient-@eetles instruments de
musique les plus arBiya T OSNIIFAya aGLRAyda azyz2NBaé¢ Sl
(Rault, 2000).

Plus tard, les percussions sont apparues. La plupart du temps il s'agissait d'objets naturels
a peine modifiés, troncs, cranes ou bambous avec lesquels les premieasnsuomt rythmé
leurs danses (Bernardea al., 1987). Puis sont venues les flOtes, faites de divers matériaux
naturels: les premiéres flites en os seraient apparues il y a plus de 40 000 ans (Fitch, 2006),

A

fl LJX dza GASAE S S45090@ENsHTunx Bt alg 20d2\VoiRAigiré 3. RQAf @&
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Figure 1. FlGte d®ivje Babe, plus vieil instrument de musique du monde jamais
découvert a ce jour.

Crédit Photo: Musée National de Slovénie.

[ 84 OAND2yadl ydsa Syi2dM2ywi RRIyIOD NAEAR2dNRIT

sujettes a débat.

2. Les hypotheses évolutives

a. Le cheesecake de Pinker

Pour un certain nombre de chercheurs, la musique serait une invention exclusivement
culturelle, sans aucune fonction biologique. Pour Pinker (192r)exemple, la musique
YQF dzNI AdG | dzOdzy STFFSG adzNJ €1 &adzNWAS 2dz f 1 NBSI
auraient préSEA &G ST AYLI AljdzS& RlIy&da RQlIdziNBa T2y Ol
transmission des émotions ou le langage). Cette tygse est plus communément appelée
«f QK LR UKSAS Rdz OKparsaafoged ayves le Bateaut di 5idm® Ndsnla
nourriture est indispensable a la survie, la recette du cheesecake, elle, reste une invention
culturelle qui ne remplit aucune fonion particuliére. Cette hypothése ne permet cependant
LI & RQSELX AljdzSNJ £ LINBaSyOS RS YdzaAiljdzsS Rl ya

0P [OQOKelLRPGKS&aS RS fI astSOiAzy aSEdzSttS
5lya a¢KS RSaOSyid 2F YlIyé omyymoI 5FNBAYy F

musique au sein des populations humaines par son aspect adaptatif. Comme le chant des

oiseaux, la musique humaine aurait évolué dans un contexte de sélection sexuelle.
Lt | SiS 20aSNIS 1jdzQl dz aSAY RQdzyS YsYS SalLl
dzyy YSAf € SdzNJ | O084& NBLINRPRAzOGAT 1jdzS RQI dzi NBa
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O2yasSljdsSSyidsz tSa GNIXAGa LISNXYSGGFEYyG € QF GGNIF OG A
devraient étre adaptatifs, au méme titre que ceux permettant la survie. Laguegourrait

donc avoir évolué car elle améliore le succes reproducteur, en signalant par exemple des
qualités importantes a un potentiel partenaire sexuel telles que la coordination et la force

(pour la danse), ou la capacité a automatiser des comportésneomplexes (pour la

LINF GAljdzS RQdzy ,20008.0 NHzYSy duo oaiff SN

Le terme de dnusique» a traditionnellement été appliqué librement au chant des
2AaSI dzE® [ fozikdhénk Pouii dédgyier IBsdzocalisations aviaires se retrouve
RQI Af f DigzN\chez ledzaientifiques que chez les musicologues (Fitch, 2006). Plusieurs
compositeurs tels que Mozart, Beethoven ou Messiaen se sont inspirés des oiseaux pour
créer des morceaux de musique. De plus, beaucoup d'oiseaux chantent selon des regles
précises, qui pourraient étre les mémes que celles qui nous ameénent a ressentir des
émotions quand nous écoutons de la musique humaine (Rothenbergl, 2014). Les
oiseaux, tout comme les humains, tendent a réduire la monotonie de leurs chants, et il
semble gie nous sougstimions souvent leurs aptitudes sonores, puisqu'ils sont capables de
percevoir plus de détails que nous sur le plan auditif (Lestel, 20@)r résolution
temporelle des sons complexes est, par exemple, plus précise que la nétre (Dadding e
2002).

hNJ OKST 0SIdz02dz2ld RQS&aLIBOSa RQ2AaSKHdzEZ f Sa&
O2YLERNILISYSYyd RS LI NIYRS® t2dzNJ yS OMeduBaNI [j dzQ
novaehollandiaeproduit des types de chants et de danses selon une séquence pbéalicti
f 2 NBIj dzQA f (Daldieled alza | 1 sOMBadBNT S & Y MahacsAvitellinuse O 2 f
semblent apprendre une suite spécifique de mouvements pour orchestrer leur chorégraphie
RQF LILJI NR SY St al, 62012)0 G2 yordonbleu cyanocéphaleUrgegnthus
cyanocephalusproduit des danses complexes en claguant ses pattes contre le sat(@lta
2015), les méles paddas de Jakanchura oryzivojacoordonnent les claquements de leur
bec avec la syntaxe des séquences de leurs notes chantées (Somari&2BL5) et
beaucoup de males cacatoés noiRrdbosciger aterrimygambourinent (Heinsohn et al

2017).
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/| KST £ QsiGNB KdzYFAy f1 LINPRdAzOGAZ2Y RS Ydza A |j
difficile, indiquerait plusieurs capacités telles que la codrdinA 2y Y2 GNA OS> Q
apprendre, la créativité etc. (Miller, 2000). Elle constituerait donc un signal honnéte dans le
OFRNB RS I astSOiAaz2y aSEdzStfSd / SLISYRIyYy(d Af
les capacités musicales et le succgzroducteur au sein de notre espéce. Cette hypothese
yQSaild R2yO LI & F2NOSYSyd € Lidza O2y @l AyOl yi

De plus, il a également été montré que les oiseaux pouvaient chanter:seettins
2SdzySa asSvyofSyid &aQSy(dNFnySNI L2 dgNant lavgsp &td 2 NS NJ
20aSNWSa Sy GNIAYy RS OKL yi S Nhamshdadugey Gityhii = OS
HAncoO® 5QI dziNB&d SiGdzRS&a 2yi NBOSES 1jdzS OKSI
LINBASyda RIEya fQFANBS @Sy idNI f:% cic@tByBapsidest S & Ql
activé quand les oiseaux chantent, et plus encore quand ils le font dans un contexte social
(Hara et al., 2007 ; Huang & Hessler, 20@®)la ouvre d'autres perspectiveses oiseaux
pourraient aussi chanter pour leur propieJt A @A NJ S s(iNB &aSyaiof Sa
dégage (Lestel, 2011).

c. Le jeu comme précurseur de la musique

Pour quelques auteurs, le jeu serait un précurseur de la musique.

Fitch (2006) fait remarquer que, dans de nombreuses langues, on gadgder » de la
Ydza AljdzSZ SaG [dzS f1 yI G§dzZNE ONBIGABS RS OSGGS
Sy NBadzZ §S L}RdzNJ £ S& YdzaAOASya 02YYS L}Rdz2NJ f QF

Selon Pellegrini et al. (2007) un comportement de jed, @A Y JSNAR S RQdzy O2Y
sérieux, implique que ceux qui le produisent soient plus concernés par le comportement en
lui-méme que par sa fonction. Sur le plan développemental, les enfants commencent par
explorer leur environnement avant de développer ecasnportements de jeu qui, par la
dadzA (ST aSNRy(d RS LXdA Sy LX dzA y2YONBdzE o6t St f
RS O2yRdzAGSa Ayy20FlyaSas LISNYSGOGlIYG dz 2dzo
(Pellegrini et al., 2007). La sensibilitdda musique apparait elle aussi trés tét au cours de

f Q2 vy i 23S yréféreéhces pour la musique consonante (Trainor et al., 1998) et la
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aSyarAoAftAdS Fdz NRBOGKYS | LI NFrAaaSyd F@ryid |
prédisposition pour la musique et lpsilsations régulieres (Zentner & Eerola, 2010).

Lt S&aG R2yO L}RRaairoftsS 1jdzQdzy AYyOdSNbsG LI2dzNJ |
2Sdz 42A0G LINBOdzNESdzNJ RS f QS@2f dziAz2y RQdzy LIKS
effet, comme le remarquent Gss & Morley (2008), musique et jeu partagent plusieurs
OF N OGSNRA&GALdzSad hQlI FN)F 9 ! dzZSNBRLISNH O6HAMTO
criteres, qui sont largement acceptés : (1) récompensés intrinséquement, (2) sans objet
apparent (3) produits déacon répétée (4) volontairement (5) dans un contexte détendu. Les
quatre premiers critéres, au moins, peuvent également étre appliqués a la musique.

hQl N} 3 ! dzZSNBLISNH 6HnamMT U0 RS ONHNedeh godial, lledzd a A
jeulocomotalzNJ S €S 2Sdz RQ202S0z ljdzA LISdz@Sy G 2 dza
permet aux enfants de développer des comportements sociaux (Pellegrini et al., 2007), et les
capacités musicales sont construites sur des mécanismes sociaux importeogs €
Morley, 2008). Le jeu locomoteur est un comportement de jeu utilisant uniguement le corps.

/| QSad I dzaaix €S OFa RS f1I RIyaSs ljdzA LISN)¥ S
Y2dz@SYSyGa Ll2aaiofsSa SiG Sy3aSyRNEB spédififuesh f QI (
(Koff, 2012), et de la pratique instrumentale, qui améliore le contrble des mouvements
6aNyidS S FfdX Hnnuod® vdzryd Fdz 2Sdz RQ262S0z
O2Y0AYylAaz2y RQ2062Sia SyiNB & dgEvia dlés Qactiordl 3
combinatoires, qui les mettent en contact direct les uns avec les autres (Auersperg et al.,
Hampy T OS 3ASYNB RS YIyALlzZ FiAa2ya O2YLX SESA
(RatRischer et al., 2013) et peut étre lié alaijpra lj dzS R Qdzy Ay a i NdzYSy i o

adzaAljdzS S 2Sdz LISN¥YSGaGSyd sS3artSySyiad S R

cognitive (pour la musique voitross & Morley, 2008pour le jeu voir Auersperg et al.,

2015, Auersperg et al., 20a8): selon Stevens (2014) le jeundoinatoire est un processus

créatif impliquant une connexion entre les hémispheres et les différentes régions du
cerveau; guant a la musique, elle améliore les interactions entre les deux hémispheres chez

f Sa& YdzZaAAOASYa ljdzh O2YNBY OSW il @I YINI 6t RNESNRB QA
al., 2002). EnfirCross & Morley (2008) suggérent que chez certaines espkcesjsicalité

RS& | Rdz 6Sa &ASNIAG dzy Y2éSy RQFaaAYAf SN fSa
été renforcé par plusieurs faetirs présents chez les espéces nidicoles, et notamment le fait
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de vivre avec des populations de plus en plus nombreuses, ayant accés a des modes de

reconnaissance, de motivation et de comportements juvéniles.

I KST € QFYAYIf Ny@YI| dSzyYRdzy 2S5 dzF LIEBNYSG RQI LILINS
O2YLIRNISYSyYy(a LISNIAYSYydGa ljdza FdzaAYSyaSyid fSa
HAMTO® [/ Sa 2S8dzE LISdz@Syid LI a&aSNJ LI N RS& YI yA
ont été observées chez lesrbeaux de Nouvelle Calédoni€drvus moneduloidgsqui
O2Y0oAYySyild tSa 202S0a |jdzQAf a -BiedzZDEn é fomrs a |jd
dza 3S RQ2dz0Aft & | FTAY RQAWINSMY BtAd) 2010 Sdles dzy Yy 2
psittaciformes (Auerspg et al., 2015)[ QSELX 2N} GA2y O2YLX SES RQ20
RSa4 SalLlsoSa ljdza yQdziAftAaSyld LI a RQ2dziAfta 6D
(Corvus corax(RatFischer, 2017). Une étude a également montré des comportements de
manipulatoy SiG RS O2Yo6AylA&azy RQ202S0a OKSIT dzy LI
Shive, 2001).

OV TFAY QdziAfAalGAZ2Y RQ2dziAfX YsYS aa StfS
jeu, a déja été documentée dans le cadre de modifications son@e3 S a ekemiple I8lEas
des oecanthinae (ecanthus burmeistgri des criquets qui intensifient leurs chants en
utilisant une feuille comme un baffle sonore (ProzeSkyulze et al., 1975) et des orangs
outans sauvagesPfngo pygmaeus wurmbiiqui baissent la fragence de leurs cris en

insérant des feuilles dans leur bouche afin de paraitre plus gros (Hardus et al., 2009).

d. La musigue comme renforcateur des liens sociaux

Selon certains auteurs, le cerveau évoluerait pour traiter des informations écologiques
telles que la taille du territoire ou la quantité de ressources exploitables (De Casien et al.,
2017). Dunbar (1998) lui, pose I'nypothese du cerveau social et suggéere que la grande taille
du cerveau des primates refléterait la complexité de leur systéme Ispgis un groupe
a20A1f Sald 3INYyRXZ LXdza 2y aQliGdiSyR t OS | dzS
a traiter des informations concernant les autres individusela leur permet ainsi de
aQFRFLISNI £ fF O2YLX SEA (ide ceRgbospe. Efnferhent/agpglée S E A :
théorie de &« QA Y G St f A ISy Bymn¥, | 1096)) tedeS tiypothésS a, dans un

premier temps, surtout été comprisen termes de capacité a tromper ou manipuler (Dunbar

25



g {OKdzZ GT I HAnTO® | dz2 BodidNR GEEedzAiIEs af cétta inteligepoe?2 Y S Y
sont cependant de plus en plus étudiés.

La prosocialité est un ensemble de comportements dont les actions bénéficient au
receveur sans forcément colter au donneur. Certains de ces comportements sont favorisés
par QSYLI GKASS ljdzA LISdzi sOGNB RSONRGS O2YYS dzy
O2YLRalyia O23yAldATa SG FFFSOGATA az2yid AYLIM A
fF aOFLI OAGS £ O2YYdzyAljdzSNI | SO f S&A (0 odk(GiNGS2ayzE
La découverte des neurones miroir a permis aux chercheurs de voir plusEsmeurones
posseédent des propriétés motrices et s'activent quand une action est faite, mais aussi quand
nous observons quelqu'un faire cette méme action (lacob@d09). lls auraient donc
I'avantage de nous permettre une forme d'intersubjectivité aidant a comprendre I'esprit des
I dziNB&a OLIFO202YyAX Hnndpvd [ QSYLI GKAS Said dzy |1
elle favorise I'harmonie sociale et la coopon au sein d'un groupe, et toute société trouve
son compte a l'exploiter (de Waal, 2009).

/| KST fQs(iNB KdzYFAyX YdzaAOFfAGS SiG SYLI GKA
biologiquement et culturellement pour renforcer des liens sociaux permettantri@dton
RS a420AS0Sa KdzYFAySa OCNBSYlIYy:X mppyvod [Sa K
taille de leurs groupes sociaux augmenter facon importante, ils auraient pu remplacer les
toilettages, servant au maintien des bonnes relations et a la gtalies groupes sociaux
chez la plupart des primates ndrumains, par la musique, untgilettage acoustique> plus
puissant que le toilettage traditionnel (Dunbar, 2017). Par ailleldralk (2004) et
Dissanayake (2000) ont suggéré que la musicalité, pardeQ St £ S LISNXY SG dzy S
a20AFtS S dzyS OSNIIFIAYS dzyA2y SY2GA2yyStfSs
communication dyadique merbébé. Plusieurs études vont dans le sens de cette
hypothéseY y 2y &aSdzt SYSy G f QAy ( Spekés led peedrdid jours dey dza A ]
GAS OKSIT tQsiGNB KdzYFAYy O0¢NBKdzX HnnodvX & 02V
(Carvalho et al., 2019) mais en plus, les chants maternels sont étonnamment stables dans
leur pitch et leur tempo a travers les cultur€sehub et al., 1993) et engendrent davantage
RQSOSAt OKST Sa 0So0 Quehdp &Sakata200%; BhédidlddeBal. RS |
HnnovX O0Sa 0S0Sa Y2YUNIyld RQIFAff SdzZNAR L) dza R

chante que pour celles suesquelles elle parl¢Trehub &Nakatg 2001). Cette musicalité
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I dzN>F A0 SyadzidS SiS SiGSYyRdzS t RQlFdziNBa ¥F2NY
LI N} RSaIX0d

t2dzNJ | F3Sy 9 . NBIYG omnno0X €I YdzaAljdzS ad
coalition; il a aussi été montré que les chants partageant des fonctions sociales avaient des
formes convergentes a travers les cultures (Mehr e24118).

Plusieurs études ont également mis en relief le lien entre musique et comportements
&2 OA | dzE @ njusigBedpRudaib@mniest avoir des effets positifs sur les auditeles
chants religieux induisent un comportement éthique chez les croyants (Lang 20H6) et
f QS02dziS RS YdzaAljdzS Sy TFlLYAtES S SydNB LI A
(Boer & Abubakami nmn 0 ® / KST RS& SELISNIA RS f QAYLINER G/
peuvent également étre communiguées via des interactions musicales (Aucouturier &
CannoneH nMT O ® [ QSELINB&a&A2Y YdzAA Ol £ ST s ol Ml S NE&
danse, peut aussi induire un renforcement des liens socialrez les enfants, jouer de la
musique ensemble améliore les comportements prosoci&irs¢hner &omasellp2010) et
f QSYLI GKAS 0wk, eres shan@ Kes Sddatgmfordent la solidarité au
sein d'un groupe (Cleveland, 1985). La salsa permet a deux danseurs de partager des
émotions (Hewer et al., 2010) et Ribeiro (20)Yz33IsNBXs fdzA X f UARSS
SYLI GKAljdzS¢ Y RIya f UAXYLNE @\ danséuss dnf Besofhiyde R y &
comprendre non seulement les intentions et les mouvements de l'autre mais aussi leurs
émotions, ce qui implique une certaine empathie.

5QF dziNBa SiGdzRSa aS az2yid F20FrftAassSa adzNJ £S5
musicd S® / KST f QsiNB KdzYtrAysz tF OFLIOAGS t &S
en trois criteregPatel, 2014) : (1) la prédiction, soit la capacité a anticiper le tempo au lieu
RQ& NBIIANE o6uH0O f1 FtSEAOALAG $HANga) 2tA@R) lef || OF
croisement de modalités, par exemple nous pouvons marquer silencieusement un pulsation
b £ 0QS02dziS RQdzy NRBEOGKYS® hN) OSGdS OFLIOAGS t
positif dans les interactions socialepartager un rytime contribuerait a la création et au
NEYyF2NOSYSyid RS& fASya &2 OA| 2w Cirdi 26182y R Qdz
RQIAffSdNE Y2Yy(iNB 1jdzS fI a8y OKNRBYAS AydSNLIST

chez des bébés de 14 mois.
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Au sein du égne animal, la prosocialité a notamment été étudiée par le biais du partage
alimentaire. 8 f S4 RAFFSNByYy(iSa F2yO0GAz2ya RS OS LIKS
pleinement comprises, elle peut dans certains cas étre compatible ldwgmthese de la
réciprocité : les deux participants en retireraient un avantage. Le partage alimentaire a donc
éte étudié chez diverses espéces, et notamment chez les corvidés : les jeunes grands
corbeaux communiquent la localisation de carcasses alimentaires a leurs coegéner
(Heinrich & Marzluff 1995), des comportements d'alimentation coopérative ont été
observés dans un groupe de corneilles noires (Baglionegta.nn 0 SG €t LINBaSs
I ARS LINRP&2OAItS RIya dzy OF RNB I A YSBiyuind A NS 0
récompense a un autre oiseau) a été documentée chez les grands corbeaux (Mbaken
2015). Cette coopération alimentaire peut notamment avoir lieu avec le partenaire sexuel
chez les corbeaux freufCorvus frugilegys(Clayton & Emery2007) etles choucagvon
Bayern et al.2007), pour lesquels ce partage faciliterait la formation du lien social et serait
dzy LINBOdzNE SdzNJ £ € QSidilofAaasSyYySyid RSa 0O2dzJ Sad
Gabon Psittacus erithacuspouvaient eux aussiafre preuve de réciprocité, et que la
relation entre les oiseaux jouait probablement un réle au sein de ces interactions (Péron et
al, 2013), tout comme chez les calopsittes élégant®/niphicus hollandiclis pour
lesquelles le partage alimentaire estlirgncé par les affinités et les liens de pare(it&vin
Bazin et a].2019.

[ QAY Tt dzSyOS RS I YdzaAljdzS adzNJ £ Sa O2YL}R NI S
f QI y A Y-hufhain;yc@rtdines études se sont malgré tout penchées sur le sujet.
Notammen, les chimpanzés de laboratoire montrent plus de comportements affiliatifs
f 2NBIljdzQAf & SO2dziSyd RS tF YdzaAljdzS AyaidNHzySy
quand ils écoutent de la musique vocale (Videan e2807), et des gorillesSorilla gorila
gorilla) en zoo agressent moins leurs congénéres quand ils écoutent de la musique classique
(Wells et al.2006). Chez la souris (Angeluccietaln n T 02 f QSELIR&aAGA2Y Lt
fQFrOUAGAGS RS fQKALILROI YLISTI diy Hajedr (dhidsz@el dzNB

traitement des émotions, y compris les émotions sociales (Immordrag & Singt2013).
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Musique et empathie pourraient donc avoir évolué pour améliorer la coopération et la

O2KSaAz2y |Fdz aSAY RQdzy 3INEPdzLIS®

So [ QI LIINGEIY urfAciitatéusds la musicalit®
t F NOS jdzQAf a az2yid LKef23SYySiAljdzSYSyid (NBaA

modeles intéressants, qui peuvent permettre de comprendre comment un trait spécifiqgue

Said LI Nz SG F S@2f dzS IEdzerni(2084Y), leRgbands Sifgesbig OS K
RQFAffSdzNBE (2dz222d2NE 0SYSTFAOAS RQdzyS Ll2aAiida
phylogénétiques avec les humains.

/| QSad tF NIFAaz2y LJ2dzNJ €1 1jdzSttS 1jdzStljdzSa NBOH
avec de primates. Ces recherches montrent que les macaqMecdca mulattg sont
capables de synchroniser les battements de leur main avec un métronome (Zarco et al.,
2009) et que ouistitis Gallithrix jacchuset tamarins Saguinus oedipyismontrent des
préférences pour les tempi lents plutét que rapides (McDermé&ttHauser 2007). Les
chimpanzés préferent la musique africaine et indienne au silence (Mingle 20a#) et une
S dzZRS RQI K2013)2pNIenteSuine fénfelle chimpanzé capable de synchrokdser
battements de sa main avec un son entendu. Un bébé femelle chimpanzé élevé par des
humains a également montré une préférence pour la consonance par rapport a la
dissonance (Sugimotet al, 2010). Quant au tambourinage, il a été observé dans la nature
chez plusieurs méles chimpanz&alpiszewska edl., 2014) mais aussi chez un male captif,

. FNYySes R2yd tF LISNF2NXYIFYyOS adzai@F Al 1 ad NHzC
contexte de tambourinage musical humaibufour etal., 2015).

Cepend yi S y2YONB RQSESYLX Sa Sad FlrAotSsz Si
peut-étre pas aussi intéressés par la musique que nous aurions pu le penser au vu de leur
LINBEAYAGS 3SYySiAldzS | @S0 y2dzad 9y STFe§izx YI C
I LILINBYy GA&aalrasS o2dzaljdzQt dzy Fyo F@Fyd RS Lk dz0
2009 ; Hattori et al.2013), et ils le font avec moins de précision et plus de variabilité
temporelle que les humains (Zarco et al., 2009) ; quant aux oustitesnarins, ils préferent
le silence a la musique (McDermott & Hauser, 2007), tout comme les ecoantgss (Ritvo &
aO52yIfRY HAMcO® 5SS LX dzaX dzyS SGdzRS O2 YLI SY¢

autres singes de la colonie aucun épisode rythmiquieaurait pu correspondre aux critéres
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RQdzy S LINE R dzO(DufoRryet aly; d2@13¥. ®harfafleurs, dans la nature, certains
comportements de tambourinages spontanés @té observés chez des chimpanZ@san

troglodyteg, qui frappent les racines deshaes, (Arcadi et al., 1998), ou chez des gorilles
(respectivementGorilla gorilla gorillaet Gorilla beringei beringgi qui se frappent le torse

6{ OKIF £t SNE wMdpcolO 2dz Gl LSyYyG fSdz2NE YIFAya f Qd
cependant la régularitR S 0Sa O2dzJa yQlF LI a SiS lylfeass:
aQF3aAd RQdzy (GSYLR2 2dz LI &ao

/'S YIylidzZS RS &aSyYyaAoAfAdS YdzaAOFftS LI dzNNI A
vocal des primates non humains, chez lesquels il y a en effet®euldINS dzdSa R QI LILINE
de vocalisations complexes (Janik & Slater, 1997).

Certains éléments tendent a montrer que la capacité a imiter des sons serait une aptitude
O23yAGAGS O2YLX SES &S ol &l yd &dzNJ f QI BIKINBY i A
des mécanismes de contrdle vocal qui impliquent des représentations événementielles
Ydzf GAY2RIt S48 RSLISYRIyiSa RS ft QSELISNASYyOS oa
dzyy LINP OS&aadza LI NJ £ SljdzSt € LINE RdzKjékiehge @2 O |
auditive (Marler, 1976) et plus spécifiguement selon des informations auditives externes
(Schusterman, 2008). Watanabe lie ce trait & une certaine sensibilité a la musique
(Watanabe et al., 2009)un stimulus musical serait essentiellement regiieur chez les
espéces qui apprennent des stimulations auditives complexes pendant leur ontogenése.

/ SGGS OF LI OAGS RQI LILINBY G A defuisB & capari@ la uivid NI A G
rythme (Patel et a] 2009)Y LJ2 dzNJ LJf dza A S émgsagel vooal Ssdrdithlie auf QI LJL
contrle moteur €. g.Janik & Slater, 1997Jarvis, 2013) Af RSLISYR RQlF Af f Sd
systéme vocal moteur, un ensemble de circuits de contrble neuronaux et de muscles
associés dont les actions coordonnées serveptaduire des sons (Mercado et al., 2014).

Sur le plan cérébral, les connections entre les régions auditives et les régions de planification
motrices seraient plus importantes chez les humains que chez les autres primates, parce

j dzZQAf & a2y ( ntsbagd voch(Baiel& R€se®ILINB Mn 0O ® 5SS FFAGT d:
des la douziéme semaine de gestation entre le développement vocal et le développement

moteur (de Vries et a).1985); cette coordination vocanotrice permet chez les bébés de
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développer caqui deviendra les gestes a@rbaux (les gestes accompagnant la parole) chez
les adultes (Iversqr2010).
Parmi les mammiféres, en plus des étres humains, €léphants, cétacés, pinnipedes et

chauvessouris sont les seuls a démontrer cette aptitude.

UncNliF Ay yY2YONB RQSGdzRSa 2y i YA&laSapaci@@A RSy O
discriminer deux stimuli) de la musique ou du rythme chez de nombreuses especes non
humaines telles que, pour la musique, les éléphaBieghas maximygReinert, 1957)les
rats (Rattus norvegicys(Poli & Previde, 19910tsukaet al., 2009), les pigeonCplumba
livia) (Porter & Neuringer, 1984), les étourneawtyrnus vulgaris(Hulse et al., 1995), les
paddas de JavédWatanabe & Nemoto,1998), les macaques japondislacaca fuscata
(Izumi, 2000)Jes carpes Qyprinus carpip(Chase, 2001) et les poissons rougeargssius
auratug (Shinozuka et g12013), et pour le rythme les étourneaux (Hulse & al., 1984), les
diamants mandarins T@eniopygia guttaty les perrucks ondulées Nlelopsittacus
undulatug (ten Cate et al., 2016) et deux chouc@orvus monedu)a(Reinert, 1965).
Cependantl.JSdz RQSYGNB StfSa O2yaidliSyd dzy NBSt ST¥

tF NJ SESYLIX S RSa FyAYl dzE | dgientifshgedcaf, fels que & 2 dz
les pigeons (Watanab& Nemotqg 2009), les poulesGallus gallus domesticuéMcAdieet
al., 1993), les rats (Cresgdojorque & Toro, 2015) ou les poissons rouges (Shinozuka et al
2013) ne montrent pas de préférences musicateb NJj dzSSa> t f QAYPISNAES
RQI LILINB vy i A lasiphaddas dgZava Ipréférent la musique au silence et restent plus

T

longtemps sur les perchoirs diffusant de la musique classique (Bach et Vivaldi) que de la
musique moderne (Schéenberg etréa) (Watanabe & Nemoto, 1998), et une étude avec

des gris du GaborPéittacus erithacysa montré que, face a un écran tactile leur laissant le

choix entre déclencher un morceau de musique rythmé ou un morceau de musique calme,

les perroquets avaient dgaéférences stables, mais différentes selon les individus (Péron et

£ ®X HAMOUOU® 5QI dziNnBa SaLBO0Sa OFLIofSa RQI LI
musicalesy O0QS&G LI NJ SESYLX S tP@Erhulalpyrhui $annud puzd NB dzA -
apprendre des mélodies que leur enseignent des humains et qui sifflent certains morceaux

RS YdzaAljdzSz YIAa az2yid Fdzaair OFLIo6fSa RQlFy(A

morceaux(Nicolai et al.2013) et deTheo, une femelle perroquet gris du GabonAqu & Q S a
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montrée capable de chanter en réponse a un stimulus musical et de généraliser les régles de
la musique qu'elle entendait a d'autres notes (Bottoni et al., 2003).

Quant a la capacité a se synchroniser a un rythme, elle a souvent été considérée comm
LINELINE t fQK2YYS 0. A&LKIYZ HanncT . NRGYSZ HAN

haut, les études effectuées avec les primates se sont montrées peu convaincantes (voir

Zarco et al., 2009 el | GG2NR S&G Ff®X wHaAamMoO® " bles QAY DS
RQILILINBYyGA&aalr3asS @20t Y2y GNByGs dzyS F2Aa RS
'yS SidzRS F LI NJ SESYLX S Y2 yZalbdBus Gatirday)S 2 G | N
pouvait se synchroniser a une pulsati@@ook et al 2013), cependant il fisiste des doutes

ddzNJ £ LINBaSyoOoS RS OSGGS OF L)} Ox érS1968 QeuLILINE v
RQSt SYSyida I f fPReterSoff &Bahglomend maisuyfed étude plus récente
NE@ZStS 1jdzQAf & I RS L) dza Sy SLIRR2E LRBIB YWINB dz8 £ &

OKST OSG FyAYlIf OwSAOKYdziK 9 /F&aSeés wnmnod !
produit un battement stable sur un tambour (Patel & Iversen, 2006). Plusieurs especes de
psittaciformes dansent spontanément en rythnitch,2009) a travers un large panel de
tempi (PateletaE Hnndgo Y O0QSad €S OF& L}RdzNJ dz Y2AY A
al, 2009); les perruches onduléegMelopsittacus undulatys peuvent également se
synchroniser avec un métronome (Hasegawale@11). Le cacatoes Snowball (voir Figure
HPO aQSad YsYS Y2yiUNB OFLI o6tS RS RIEYaSN Sy
mouvements, dont deux composés (Jeeehn et al., 2019 Plus surprenant encore, les
cacatoés noirs créent des outils aveajiesls ils rythment sur des troncs creux (Wood, 1984)
suivant des styles qui leur sont propres, produisant ainsi des pulsations régulieres et des
composantes répétées dans un contexte donris partagent des rudiments clefs de la
musique humaine instrumeéale (Heinsohn et al., 2017)La synchronisation rythmique
pourrait donc avoir des fondations neurobiologiques communes chez les humains et les
oiseaux Patel et al., 2009)

Enfin, comme il a été expligué ®&uS&dadza o0@2ANJ €S LI NI} INF LIKS
sélection sexuelle), plusieurs études ont établi un paralléle entre le chant des oiseaux et la

musique humaine.
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Figure 2. Le perroquet danseur Snowball, qui a engendré plusieurs études sur le rythme
chez les psittaciformes.

Crédit photo: Irena Schut, Bird Lovers Only Rescue Inc.

hNJ Af &S (NRdz@S 1jdzQl dz aSAY Rdz NB3IYyS FyAYIl
stimuli vocaux (Pateét al, 2009). I LILINBy GA &aal3sS @20t | ySlIy
O2y @SNEBSY (S OKSIT I dz Yx2lesypasseiifdt®ds foiscAunRhduitddra), R Q 2
les psittaciformes (perroquets) et les trochilidés (colibmgl, doivent apprendre a produire
des chants ou certains signaux de communication complexes au cours de leur ontogenése
(Fitch, 2006). Passeriformessitiaciformes et trochilidés comptent pour presque la moitié
RSa S&aLl30Sa RQ2AaSlIdzE Rdz Y2YyRS O0CAGOKE wnnc
O2NISESX RS& y2éldzE l[jdA yQ2y iz 2dzaljdzQAiOAs LI 3
(Petkov et Javis, 2012) Il y aurait méme, chez les perroquets et certains oiseaux chanteurs,
RSdzE y A @S| dzE Ruda fering basighe2ey asBdalive paBagée avec la plupart
des passereaux, soit le fait de copier le chant de ses voisins, et une fornepipexe, qui
LISNXY SGGNF A0 RQA WaoieS2003)R Sekbn Fisehytii (20073 2 285k nows
a2YYSa 3ASYSGAldzSYSy G LJ dza LINPOKSa RS&a OKAYLI
@201 £t SYSy G LX dza LINROKS&a RSa 2AaSHdzE wXB8d
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3. Une possikl évolution convergente entre humains et oiseaux

Lt &aQlF@sNB R2yO 1jdz§ tSa&a 2AaSldzkE Si tfS8Sa K
musicales. Comme il a déja été mentionnéRi$ 8 A dza 6 @2 ANJ £ S LI NI 3 NI LI
f QF LILINB Y (0 A a & aratristigi@sOderhbledt plu3 Siditée® chez les primates non
humains, malgré leur proximité génétique avec les étres humains. Il est donc improbable
que la musicalité ait évolué chez un ancétre commun aux oiseaux et aux humains ; a
f QOAYVOSNBS SAASAdzSNIZNRS\dZE LF2 A8 Y OKST tS8& Kdzyl 7
R2y O RQdzy OlIl&d RQS©@2fdziAzy O2y@SNHSY(GS FI OAf
Autrement dit, musicalité et apprentissage vocal pourraient étre dest$ analoguegFitch,
2006):RS& GNIAG&A aAYATFANBA ljdzA yQSalFASyd LI a

évolué de fagon indépendante dans deux lignages.

Il. Etudier la musique au sein du régne animal

/| 2YYS y2dza f Ql @2ya RSOSt 2LIJIS LIS OB BB YSY 3
doute permis l'apparition de la musique, et une étude comparative entre les espéces

pourrait nous aider a mieux comprendre cette évolution.

/| SLISYRIFYy iz fQSGdzRS AO0OASYGATAILdzZS RS QI NI y¢

Marquand (2016) a détaillé troi¥ | ce2 Y R QS ({(19zR AmStNddef nfystiogdE, qui
O2yaraisS t O2YyaARSNBNI ljdzS fQF NI Sad dzy vYveail
YFEAE LI & O2YLINRAX O6HO fF YSGK2RS YSOF LKeaal
philosophie active pouvantté expliqué par les idées produites par cette philosophie et (3)
fl YSUK2RS aOASYUGATFAILdzSE ljdza O2yaAraisS b (Al
appliquer a des cas similaires.

[ RAFFAOMzE 6S t RSTFAYANI {:QdRNIFAQAIN2N dBES

controversée au sein de la philosophie contempordine OS i1 GS O2y i NP OSNARS a
LR GSYUAFtftAGS YsYS RS RSTAYANI £ QFINIXZ OSNIFAYya
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/] Sa O2yaAiRSNI A2y amusigle: RAudtplisiedzSayitéurs {Fitch,22006 + £ |
wtk@AIAyLryA SG FE®dXI wnanmnos £ 02y O0OS@2ANI O2YYS
integre une large variété de domaines pouvant servir des buts diviess interrogations
portantsursesorigings 2dz a4l F2y OUA2y>X yS LRdAz2NNIASyd as
AGNFGSIAS O2yaraidlyd £ RAGAASNI €1 YdzaAljdzS Sy
sa nature multicomposée, serait alors plus pertinente (Ravignani et al., 2014). Nous savons
en effet que la musique est basée sur un set de mécanismes cognitifs qui interagissent et ont
leur propres bases neuronales (Ravignani et al., 2014) et de mécanismes perceptuels ayant
une trés longue histoire évolutive, pour certains partagés avec la riteajdes autres
vertébrés (Fitch2006) : la perception de la mélodie, par exemple, serait $endue chez
f QKdzYF Ay 02YYS OKST tS& | dziNnB&a SaLkls oSa LI N
NBf+FGADBS SiG tQ2NBAfES | cab®OYzS Sy az2yid dzy SES

La musique peut également étre étudiée via le concept de musicalité, qui est plus large et
alya R2dziS LX dza FFOAfS t SELX 2NBN OKST fQly
Hoeschele et al. (2015) comméaccapacité qui nous perm& S LISNODS G2 A NE RQI LI

produire de la musique.
1.vdzSt & ONARGENBE SGdzRA?SNI OKST fQlIYyAYIf y2y K

/| SNIFAya | dziSdzNB 2yG SaaleésS RS RSTFAYAN RS
Ydza A OFf AGS OWu@din. t QF YAYLFE y2YV

Pour Arom (2007),AQA RSS RQdzy O2y (AydzzyY Rdz GADIyd Sy
question des criteres de ce que nous qualifions de musique. Arom (2007) définit donc
plusieurs « universaux musicaux, des caractéristiques de la musique produite par les
humains: (1) lapréSy OS RQdzyS Ay UGSy dA2yylrfAGST LJ2dzNJ OSf
Odzf GdzNBX 6HO fI y2G4A2Yy RS LINRPOS&aadza F2NX¥YSt =
O2y @Sy iAz2ys o600 I LINBaAaByRE RSdzN$ (0 W@iEsuli BN232 D
la notion de périodicité, (4) la présence de symétrie, dans la mesure ou la musique serait une
NEOKSNODKSYRAFI| deRfNOOSNRIz | £ G SNYS LI N SESYLX § ¢
reférence a une échelle musicale, soit des hauteurs contrastigestonnées dans le

continuum sonoreY O0QS&G LI NJ SESYLX S ¢S Oladpréderfse £ | 3|
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RQdzyS NBLI NGAGAZ2Y RS&a NbfESa f2NRARIdzS L) dz&d R
catégories ou répertoires, autrement dit la signification ggilique attribuée a telle ou telle
production. Arom (2007) expligue que chaque musique humaine regroupe au minimum
deux de ces critéresla question se pose alors de savoir si certains de ces critéres peuvent se
retrouver dans une production animale soeor

Watanabe& Kuczaj(2013) proposet, eux,de discuter les comportements esthétiques
des animaux sous trois aspectd) cognitif, soit la capacité de discrimination, (2) plaisir, soit
la notion de renforcement, (3) créativité, soit la question des litébi motrices. Cette
O2y OSLIiA2y RS fI ONBIFIGAGAGS y2dza aSYoftlyd Ay
plus cognitive pour Runco & Jaeger (2012), dans sa définition standard, la créativité
AYLX AljdzZS§ RQdzyS LI NI ftcéngeitiordde yuelflug éhSse delnolatiebiS Y S y
2dz RQAYKI 0AGdzSE 0 S OtsuRaet atlZ2008) étudletia mdsiCabtd SO (G A I A
niveaux, les deux premiers étant identiques a ceux de Watagakaczaj (1) discriminatif,
soit la capacité a disieniner deux types de musiques différentes, (2) renforcateur, soit la
capacité a percevoir la musiqgue comme un stimulus agréable, (3) facilitateur/inhibiteur, soit
fl L2aairoAftAldS RQsUONB AyTFfdzsSyOS LRaAGABSYSy

Enfin Gupfinge& Kaltenbrunner (2018) passent en revue différents projets musicaux, et
définissent ainsi 4 types de projets musicaux impliquant des animaux, en fonction de la
compréhension musicale et des capacités cognitives et auditives qui lui sont associées chez
f §p8ce animale observée :

(1) les mouvements animaux comme sources de conto@egui implique des formes de
vie qualifiées de simples telles que les bactéries ou autres animaux simples (vers de terre),
fSa FYyAYlLdzE yS 22dzryit a O QF yiaDdzy dzQdzy S ALY & & NI«
les équipements qui engendrent du son, ce sont donc leurs mouvements qui produisent une
forme de musique sans volonté de leur part,

(2) les animaux comme performeurs inconscieritgsque ces derniers touchent ou
déclenchent les interfaces, instruments ou capteurs et ont donc des interactions directes
avec les équipements, mais manquent de la cognition nécessaire pour comprendre la

causalité de leurs actions en lien avec les résultats musicaux
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(3) les animaux commanusiciens entrainég 2 NB |j dzQAf & RSOASYy Syl
musicaux actifs, comme on en voit par exemple beaucoup sur internet jouer des instruments
de musique, la plupart du temps aprés un entrainement

(4) les animaux comme musiciens volontakres O 2 Ye¥t par €x@mnple le cas du projet
metamusicR Q! t ASYy LINPRdAzOGAZ2Y S LINBaSydsS LI NI fQF NIA
AYGSNI OGA@Sa LRdzNJ £t S& FyAYlFdzE OF LWGATFAZ LI NJ
RQ2dziAf & ljdzS t SARQFENI AMES MR y&G Ol @B Ot 5&alj dzSt &

/] S& RAFTFSNByida ONRGENBA LISdz@Syld siGNB dziAif S
musicalité au sein du regne animal. Dans le cadre de ce doctorat, nous prenons donc le parti
de nous intéresser a endéfinition de la musique élargie a la musicalité, et de nous
interroger sur les criteres de cette musicalité que remplissent les animaukmno@ins.

Il reste cependant, dans ce cadre, a choisir un modeéle pertinent. Comme cela a déja été

suggéré plus haules oiseaux pourraient étre de bons candidats en la matiere.

2.Des singes a plumes

Les structures correspondant au neocortex cérébral des mammiferes, une région
considérée comme primordiale pour les hautes capacités cognitives, ne sont que peu
dévebppées chez les oiseaux (Lui et al., 2011). Selon Emery (2006), cela aurait mené certains
neurologistes a croire que ces derniers étaient des créatures instinctives relativement peu
capables d'apprentissage.

Pourtant, des études effectuées chez certainfsi LJ8 0S4 RQ2AaStdzE RS
contraire. Psittaciformes et corvidés sont notamment souvent comparés entre eux dans le
domaine de la cognition aviaire (pour une revue exhaustive voir Lambert et al., 2019), ces
RSdzE OF 4S32NA Sa RQ2 AsarSBdmadiE"grandslsiyiges apksnveS' (Bhergy S
2004) en raison de capacités cognitives défiant celles des singes anthropoides (Emery, 2006).

Psittaciformes et corvidés ont développé des élargissements cérébrauxesulent leur
cognition complexe ce procasus évolutif est probablement basé sur des structures-sous
jacentes communes aux grands singes et aux cétacés (Osvath et al., 2014). Plus
spécifiguement, des études récentes ont montré une convergence des circuits neuronaux

entre le cortex préfrontal etd neopallium caudiolatéral (Gunturkin, 2005; Jarvis et al.,
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HAnpoY LMWz Yyd £t QARSS RQdzyS Oz23ayAldAizy O0O2YLJ

aAy3Sad tfdzda SyOz2NBxz 0S&a RSdzE OIFGS3az2NASa RQ:

celui des grandsinges au niveau du télencéphale alors que dans la plupart des cas, la taille

absolue de leur cerveau est moindre (Olkowicz et al., 2016) : cette haute densité neuronale

ASNIAG £ f1 o01F&aS RS tQAYyGSttAaASYOS | Al ANBO®
Nous avons également vu précédemment gubez les primates, la grande taille du

cerveau, et donc les capacités cognitives, serait liée a la complexité de leur systéme social

(Dunbar, 1998). Cependant chez les oisetuxelation potentielle entre sociabilité et taille

du cerveau est complexet éoute comparaison avec les primates doit étre prise avec

précaution. Les systémes sociaux aviaires $lemntbles, la taille du groupe n'est donc pas

forcément un bon indicateur (Emery et,a2007). Le systeme d'appariement, en revanche,

pourrait avoirdzy S 3INJF YRS AYLERNIFYyOS Y 9YSNER Si& fo

ISYSNIfSz fSa SaLB80Sa8 RU2A&aSIdzE F2NXIyd RS

psittaciformes et des corvidés, sont aussi celles dont les individus ont le plus gros cerveau

relativement a la taille de leur corps. Chez les oiseaux monogames a long terme, le lien entre

les partenaires nécessite en effet une intelligence de la relation qui permettrait a chacun de

COY LINBYRNB t S$& &deduyrepdritre &eSacdn @ppapriéelee grédire ses

comportements, ce qui engendrerait une relation stable avec des bénéfices mutuels (Emery

et al, 2007).

Psittaciformes et corvidés sont également de trés bons modéles pour tester les
différentes hypothéses évolutives évoquéesiessus.

Tadz RQFG02NRX OKST 1 LJX dzLJ NI RSa SaLlsoSa F
20aSNWSa Sy YI22NRGS f2NA RS I alriazy RSa |
par exemple le cas desanaris(Serinus canaria)qui ont tendance a produirelyps de
« phrases sexy (une phrase vocale spécialement appréciée des femelles, Vallet & Kreutzer,

1995) pendant la période de reproduction (Leitner et al., 2001) et des cacatoés noirs, dont le
tambourinage est supposément un comportement de parade (Héimset al., 2017).
Psittaciformes et passeriformes (dont font partie les corvidés) sont donc de bons modeles

L2 dzNJ 6§ SAGSNJ f QKe LR GKS8aS RS fI YdzaAOFtAOGS Sy
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5QF dziNB LI NG OS& RSdzE &déai D@poreriedts us | dzE
LISNYSGGOGNIF ASYyd RS aQAYUSNBaasSN £ f QKeLRGKS &S
psittaciformes et corvidés montrent une nature joueuse qui développe leur capacité a
explorer leur environnement et a résoudre des problémesir(Auersperg2015 pour une
discussion). Certains jeux comprennent des actions combinatoires chez les corvidés (Rat
Fischer, 2017) et plusieurs especes de psittaciformes maintiennent des comportements de
2S8SdzE RQ2o02S8S0a t fQN3IS 4 RSN He @us, debridedI&ENE S
psittaciformes peuvent utiliser les outds O0QSaid y24l YYSyid €S OlFa RS
Calédonie Wimpenny et al., 2011), des grands corbea@orfus Corgx de la corneille
RQ! Y S NBripsib&chgrhynchsdes corieaux freux Qorvus frugilegus(pour une revue
voir Lambert et al., des 2019), deacatoes de GoffifCacatua goffinianp(Auersperg et al.,
2012, des cacatoes noirs (Wood, 198#einsohn et al., 20173les kéagNestor notabili}
(Auersperg et al.,, 2t Gajdon et al., 2011) et des aras hyacinthAso@orhynchus
hyacinthinug (Borsari & Ottoni, 2005).

tFNJ FAffSdNARZ fQKeLRGKS§aS RS fI YdzAljdzS O2
S3AFtSYSyid siGNB SOItdzSS | SO 0S4 lé RiBedsds, I NP dzL
RAFTFSNByGa O2YLRNISYSyda RS LINRPaA2OALFfAGS S
corvidés Heinrich & Marzluff 1995 Baglione et al.2002; Clayton & Emery, 20Q7von
Bayern et al.,, 2007 Fraser & Bugnyar, 2031(Massenet al., 2015)et les psittaciformes
(Péron et al., 2013 LiévinBazin et al., 2019)De plus, la relation entre vocalisations et
renforcement des liens sociaux a déja été documentée. Chez certains passeriformes, les
Rdzza RS OKI yida NBy T2 NIEeytla sdn@illatze daldartBnaite] laNO S |
RSTSyasS O2ye2AyiS Rdz GSNNAG2ANB Sid fI aeyoOf
(Sonnenschein &eyer 1983), chez les corbeaux freux par exemple les cris permettraient de
renforcer et de maintenir la relain de couple (Rgskaft & Espmark, 1982hez les
perroquets, les duos sont utilisés pour la défense conjointe du territoire (par exemple chez
fSa 1'YIT 2ySa AmazohdziauoPalliaaCammid & Whright 2012) et la
O2yY O2NRIyOS @20CENI SRAKISNET FOWNR &R QANBAR dzA & LI NJ R
forme de négociation entre les individus de deux groupes différents (Balsby & Bradbury
2009). Danser en rythme pourrait également étre lieé aux actions sociales, puisque les

perroquets sont des seaux grégaire@-itch, 2009) Jao Keehn et al. (2019) remarquent que
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chez le cacatoes Snowball, danser semble étre un comportement social utilisé afin

ROQAYGSNFIANI | SO € Sa KdzYFAya ljdzA aQ200dzLISy i
Enfin, psittackF 2 NY¥S& S LI aaASNAF2N¥YSa azyid OF LI o6f S3

quel que soit leur sexe et ce dans difféerents contextes (Lambert et al., 2019) et montrent,
pour les psittaciformes et certains passeriformes, @gditudes musicales certaines en
terme de production sonore\jcolai et al.2013 pour les passeriformes; Bottoniadt, 2003

pour les perroquets)et rythmique (Heinsohn et al.,, 2017 pour les psittaciformese
synchronisation$chachner et al., 2009 etasegawa et gl2011pour les pstaciformes)et

de préférences musicale§Vatanabe & Nemoto, 1998 pour les passeriform@&eronet al.,

2013 pour les psittaciformes).

3. Des implications pour le big&ire animal

Il a été montré que la musique pouvait influencer positivement les émnstide certains
animaux norhumains : chez les rats, cela déclenche une augmentation de la synthese de
calcium et de dopamine, suggérant que cela pourrait diminuer les symptémes des maladies
impliquant des dysfonctionnements de la dopamine (Sutoo & Akiya?0@4), et des
changements physiologiques bénéfiques ont été observés chez les cl@anss( lupus
familiaris) en réponse a la musique, impliquant une diminution de leur niveau de stress
(Bowman et al.2017). Toujours chez les chiens, la musique classi§duit le niveau de
stress (Kogan et aR012) et les aboiements, et augmente le temps passé a se reposer (Wells
et al, 2002). La thérapie par la harpe permet aussi de diminuer leur vitesse de respiration,
f QK& LISNI Ol A g@dose &Riielcht 2003y Eak @fiisfon de musique permet
SALESYSYyld dzyS RAYAydziaAzy RS O2YLRNISYSyGa

en zoo (Wells &Irwin, 2008) ou encore une augmentation des comportements sociaux

a

O02YYS tS8 G2Aaft SiGdl 38 ZdedcBmpariéz(Hdviell dt 4, 2B0B)f 2 NI G A 2 y
[ Sa LR2aairoAfAidSa RQFLILI AOFGA2Y RS 1  YdzaAl
cadredubies i NB Si RS f QSYyNAROKAAa&aSYSyild RQI yAYI dzE

important de vérifier si certaines péces apprécient la musique, et si oui, laquelle. Il est de
plus a noter que des millions de perroquets et de perruches sont possédés comme animaux

de compagnie dans le monde.
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I1l. Modéles animaux et collaborations

Cette these a été effectuée avec d@sittaciformes, les calopsittes élégantes, et des
corvidés, les corbeaux a gros be€Csivus macrorhynchps

Psittaciformes et corvidés partagent un certain nombre de points commensplus de
connaitre une période de développement importante avantdivenir adultes, ils vivent
longtemps (19 ans pour un corbeau a gros bec et 20 ans pour une calopsitte élégante par
exemple) et sont confrontés a de nombreux problémes écologiques : entre autres, ils
évoluent constamment dans des environnements variabléslae plupart des especes
montrent des niveaux de complexité sociale similaires a celle des grands singes (Emery,
2006).

" Yy2G0GNB O2yylAaalyO0S: LISdz RQSGdzRSa O2 YLK
LIAAGOF OAT2NXVSa Si tSa O2NVARSEX Y82 AI0dzOdfi & §F @

chez les perruches calopsittes ni les corbeaux a gros becs.
1. Modéles animaux

a. Les calopsittes élégantes

Les calopsittes élégantes (voir Figure 3.) sont des cacatuidés (soit des perruches de la
méme famille que $a O OF G28a0 2NAIAYIANBA RQ! dza i NI
LIAAGOF OAT2NYSad 9ftSa S@2ftdz2Syid Sy 3INRAzZLIS LI«
Si OGAGSyl 2dzaljdzQt @GAy3iG lFya Sy OFLINAGAGISO
partenaire toute leir vie. Leur poids moyen se situe entre 80 et 100 grammes pour une taille
allant de 30 a 35 cm. Ces perruches sont domestiques et faciles a héberger, notamment

grace a leur tolérance sociale tres élevée.

41



Figure 3. Calopsittes élégantes (NephstsSeth), LECD (France)
Crédit Photo: Mathilde Le Covec

tfdzAaASdzNE SiédzRSa as$ az2yid AyisSNBaasSa | dzE
maniére générale, il y a peu de différences comportementales entre les males et les
femelles, que ce soit au sedu couple ou en dehors (Spoon et al., 2004). Concernant la
O2dz0 Aaz2zy Si fQStS@r3aS RSa 2SdzySasz tSa az2iay
couple est primordiale pour le succes reproductepitus la compatibilité et la coordination
sont impoii ' yiSax YSAfESdzNI Sad S &dz008§a NBLINERdz
reproductive des méales comme des femelles joue un role dans le succés reproducteur, avec
dzy S LINB G f Sy 0S OSLISYRIyild LB2dzNI f QSELISNASYy OS
sont expérimentées, plus le succés reproducteur du couple est grand) (Stone et al., 1999).
{SAOSNII SG It ownnamO F2yi S3FHESYSyd Sard R
ANRdzZLJSE RQAYRA@GARdAzA SiddzRA Sa couplisile cRGpsittesl Yy A R
habituelles, une triade et des accouplements extmples ont été observées. Par ailleurs,
les calopsittes restent en couple méme en dehors de la période de reproduction (Spoon et
al., 2006). Les interactions sociales varient en fonaties couples et refletent le degré de
compatibilité comportementale entre les partenaireplus leurs comportements sont
affiliatifs et concordants, moins ils montrent de comportements agressifs et discordants, et
vice versa (Spoon et al., 2004). Cette patibilité intracouple ainsi que les qualités
individuelles ont une influence sur la stabilité du couple, et peuvent jouer un réle dans le
YEAYOGASY 2dz £ RA&&A2tdziA2y RQdzyS NBflFGA2Y 0
de meilleures interadt 2 y 8> &2y d LJ dza aeyOKNRyAasSas aqQl 3
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ont davantage de comportements sexuels que les indivipliisie sont pas en couple (Spoon
et al., 2004).

Seibert et al. (2001) ont aussi montré que les males étaient plus agressifdegue
FTSYSttSaz jdzQAfa SOl ASyd LI dzaS ds fIjSdxsrat aj dasQ & ySh
RIFE@gFyidl3S RFrya RSa O2YLRNISYSyida RS G2AtSadl

''yS SidzRS a4QSad S3IFESYSYyld AyeézunScalamsSie | dzE
6t SLILISNDBSNH 9 Cdzy1Z mMdbdpnod 9ff S LIAMNS Sned dzNJ f |
tache au cours de laquelle un objet localisé a un point A lors de plusieurs essais successifs est
ensuite déplacé a un point B de facon visibl&agé 1) ou invisible (étape 2). On regarde
Ff2NB aA fQFYyAYlFE FFAG f QSNNBdzZNJ RS O2y iAydzS

capable de passer les deux étapes de la tacherAB avec succes.

Par ailleurs une étude effectuée au Laboratoire diijie Cognition Développement
(également encadrée par Dalila Bovet, avec les mémes oispaixeux de ce travail de
these) aQSad AYyUiSNB&aasSS Idz LINIGFIS FEAYSYGlF Al
toilettages mutuels) chez les calopsittes élégantegyvin. T Ay SiG | f ®X wHAamp
montré que les calopsittes partagent de la nourriture avec différents partenaires au moins
2dzaljdzQt £ SdzNJ GNRPAAASYS | Yy SSs p&ktSgesdans fue @A Sy |
nombre de partenaires diminuent avec temps. Les calopsittes partagent également plus
I SO f SdzNB FNBNBa Si adzmzNB |jdzQl SO RQI dzii NS &
avec des individus du sexe opposé. De plus, les jeunes partagent plus avec ceux qui ont
préalablement partagé avec Bux OS ljdzA &4dzZ33sNB RS f I NBOALN
dans une moindre mesure, pour les toilettageatuels.

[ 2NB RQdzyS | dziNB SiGdzRS SFFSOUGdzSS | dz f I 62 NI i
calopsittes. Les résultats ont montré que cesrigres étaient capables de contagion
SY20A2yySttS SO 1jdzQSttSa Y2yaNIASyd L) dza RS

dont on leur diffusait le cri de détresse (LiéBazin et al., 2018).

OYVFAYZ {S1A O6HnmyO &Q8aY0AYISNEF2RS { ISdzE yAIYVHE
RS fQsS@2ftdziAz2y RS ftF Ydz&AAldzS® Lt I StSOS |
YSt2RASa aATTFESSad vdzStljdzSa Y2Aa I[LINBa QS

mélodiesY f QI dzi SdzNJ & dzRI §NB {15dzD daiS RO NIIANE NI £ QI
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plus, certains oiseaux ont montré spontanément un rapide hochement de téte pendant la
diffusion de musique humaine. La temporalité de ce comportement a été analysée afin
RQSOI f dzSNJ al & eqfeCekaNirnyfrd uné derlae/régildrité.K Y A

Il est également important de souligner que la sensibilité auditive des calopsittes a été
documentée et se situe entre 2000 et 5000 f@kanoya & 2 2 f Ay 33 -amdpgy TO X O
j dzZQSttS OKS@I dzOK Somind, boE@izeSeytre 20005t 40 HR{er & Q
Heffner, 2006).

b. Les corbeaux a gros becs

[ a4 O2NbShHdzE £ INREA 06504 O6Q2ANI CAIdzNB n PO

sont capables d'apprentissage vacfles oiseaux sont originaires d@!l a A S -Htdz { dzR
mesurent 46 a 59 centimetres et pésent entre 450 et 1000 grammes. lIs sont grégaires.

vivent essentiellement dans des zones urbaines et se nourrissent notamment dans les
RSOKI NHSa oal (adolNY~ HnnoOody Q2 NBEEYORAENS 48 ¢
RSGSNXYAYSS LI N fQlINBaaAgdAGS SG tS &aSES of Sa

mémoire des rencontres passées avec les autres individus (Izawa & Watanabe, 2008).

A

Une étude a montré quesk corbeaux a gros bevaent un niveau individuel de latéralité

St SPS t2NE RSa O2YLERNILISYSyila ySe®paralyd £ Qd
5Ql dziNBa SGdzRSa aS az2yd AyiSNBaassSa t f SdzNJ
Leur mémoire a par exemple été étudiée a plusieurs reprises. Ces oiseauxamiment

montré des capacités de mémoire visuelle (Goto & Watanabe9). lls peuvent discriminer

des stimuli colorés mais aussi, aprés un bref entrainement, mémoriser sur du long terme ces

méme stimuli colorésBogale et al. 2012). Plus encore, ils sapables de métanémoire

(Goto & Watanabe, 2012), la capacité consistant a gérer sa propre memnitsrpeuvent

évaluer la force de leurs souvenirs et adapter leur comportement en fonction.
Les études portant sur les capacités numériques des corbeawsagecs montrent que

ces oiseaux ont tendance a seélectionner les quantités les plus larges de fagon naturelle, et

j dzS f SdzZNA RSOA&aA2ya az2yida FFSOGSSa LI NI £S NI

ce qui indigue une capacité de jugement numeégq(Bogale et al.2011a). lls peuvent
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volume est retiré (Bogale et a014).

Enfin, plusieurs études sur la cognition sociale des corbeaux a gros becs ont été
effectuées. Ces oiseaux montrent des comportements exclusivement agiepssifd on leur
LINBAaSydS dzy YANRANI oYdzal &t Yl S Ff®dX wnnno
f QAYF3S O02YYS Silyd ftF €SdzN»w Lfa aSvyaf Sy
individuelle (Izawa & Watanabe, 20Q8)s différencient les cris de leurs congéneres et
peuvent reconnaitre des membres de leur groupe via des modalités croisées (auditives et
visuelles), mais pas des namembres du groupe (Kondo et,&012). Les ctreaux a gros
becs peuvent également catégoriser des photographies de visages humains en se basant sur
des similarités perceptuelles, qui différent en fonction des individus OQS & t LI NI
O2dzf SdzNJ ljdzQAf & aSYof Syl RdedaddNIis¥auy/sd Ndsefaent LI dzi

aussi sur les contours du visage, entre autres informations visuelles (Bogale et al., 2011b).

Figure 4. Corbeau a gros bec,
Centre for Advanced Research on Logic and Sensibility (Japon)
Crédit Photo : Mathilde & Covec
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2. Sujets

a. Les calopsittes élégantes

Les calopsittes élégantes de ce travail de these sont hébgsrgeé Laboratoire Ethologie
| 23y AGA2Y 5SSt 2LIISYSy iz b f Qdzy A OSNEAGS
complémentaires concernant les oisea voir Figure 5.

Les calopsittessont hébergées selon les conditions standards approuvées par les
autorités nationales francaises. Ce travail de doctorat est en accord avec la législation
francaise et européenne concernant les animaux de laboratoire, éte approuveé par le
O2YAUGS RQSGKAIdzS LRdzNJ ft QSELISNAYSY Gl GAZ2y | yA
#7035 2016093011025283 v2).

12/07/2013 29/05/2013 12/06/2014 - 21/05/2019  06/06/2014
h ;
+ -
oy —
! 31/08/2013 31/08/2013 31/08/2013  31/08/2013 — 25/10/201€
:
1
1
1
1
1
1 Y
1
L
, ‘
1
1
1
1
| =
! . Morgane, Isis 09/06/2013 - 04/11/2016 13/07/2013
1
1

18/12/2017  20/12/2017 - 28/05/2019 23/12/2017 26/11/2017
M1 Famille
Femelle .
____ Relation

extra-couple
D Male \, Adopté par

15/06/2014 Manipulé au nid

Figure 5. Trombinoscope des calopsittes du laboratoire (prénom, date de naissance et

de mort si nécessaire, lien® LI NSy S k 02dzJ)d Sa SiG Y2RS
Crédit: Mathilde Le Covec
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b. Les corbeaux a gros becs

Ce doctorat a éte effectué en collaboration avec le Pr Watanabe, du Centre for Advanced
Research on Logic and Sensibility, qui dépend du département de fsgcBobA S RS f Qdzy A
de Keio (Japon). Les corbeaux a gros bec de ce travail de thése y sont hébergés. Leur nombre
est de huit (quatre femelles et quatre méles). Tous les oiseaux ont été capturés dans leur
premiere année de vie, dans Tokyo et ses envirlastaient sevrés, capables de voler et
indépendants de leurs parents, mais pas sexuellement matures. Par la suite, ils ont été
hébergés au laboratoire dans des cages individuelles.

[ S& 2A4SldzE 2yd SGS | GGNI LISE nnéherd dutJaponldS NIV A :
6y dzYSNEB RQW226378)A a I G A2y

IV. Buts de la thése

al t AINB fS8a 1jdzStljdzSa8 SidzRS& | &l yi -HeBaht SELX
OSNIFAySa 1 2ySa RQ2YONB RSYSdzZNByd o

t NEYASNBYSYG> LISdz RQKe LR (i K& k& SnisiqueleNdel I G & dz
YdzZAAOIf A0S 2y SGS OSNAGF o f-vaEyd f QOKIBINR G KER B S
aSt SOlA2y aSEdzSSttS yQF 2FYlFAa SiS [62NRSS &:
LINS OdzNB SdzNJ RS f | Y dza Adglidz8e layhsicali® lcomimé ranfogdtedr 0 S a
RSa fASya &a20AldzE yQlF SGS 1jdzS LISdz SidzZRASS®
facilitateur de la musicalité commence a étre exploréeependant aucune étude
O2YLI N dA@S @SSO Qs (NBTF2NILBEINA yOSIDE Y Syizid vy
O2y@SNEBSY (IS yQF SyO2NB SiS STFSOGdzsSSo

Deuxiemement, les définitions de la musique et de la musicalité sont souvent peu claires,
voire pas du tout abordées dans ces études. A notre connaissance, aucune recherche ne
a QS adre iréyeSsée aux critéres musicaux que pourraient remplir les animaux non
humains.

Enfin, si le modéle psittaciformen 4SS NB@S§f S RS LJX dza Sy LJ dza |

musique et de la musicalité chez les animaux-hamain, aucune recherche édS a Sy a y Ql
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ce jour étépubliceOK ST fSa O2NBARS&as |ft2NE YsYS |[jdS O

souvent comparés sur le plan cognitif.

Ce travail de these vise, notamment et dans une certaine mesure, a éclaircir ces zones
RQ2YONBE SIRZAYNAVESKNBazaSyaroAtAdS YdzaaoltsS O
corbeaux a gros becs et les calopsittes élégantes. Nos objectifs sont les suivants.

(1) La musique étant souvent considérée comme une spécificité humaine, cette
GKSYF GAIldzS3 2 NNRESISdzQDKE ST Shurfaih (gollé@e dertaifies juestions
plus philosophiques nous souhaitons donc étudier quels criteres de musique et de
musicalité remplissent les oiseaux.

(2) Déterminer si les animaux, et plus spécifiguement les oiseaux, sargrinéls par la
musique, peuvent montrer des préférences musicales, et produire des sons et des rythmes
NE3Idztf ASNAR LI NI f UAYGSNX¥SRAFIANSE RS RATFSNByGa
f QS@2tdziAz2y RS I Ywumskdubasns dic edplsreries hypoudi@ses O A (
fl fAFYG £ fQFLILINByGAaarasS @20t |dz 2Sdzx &t
sociaux, ainsi que la notion de convergence évolutive éventuelle de ces comportements.

(3) Nous cherchons également & propiide OS NI F Ay S& LIAAGS&ESiRQSY NR C
YdzaAljdzS | dzyS Ay Tt dzSyOS LIRaAGAGS adzNJ £ Sa Ayl
individuelles, sa diffusion pourrait étre un facteur de b&re et permettre ainsi
RQIFIYSt A2NB M RSa OBy RGO VAW dzE OF LIWGATE 06St SOI 3

t 2dzNJ OSf I 2 y2dza SGdZRASNRya OKSIT tSa 2AaSl dz
f QlF AINRPRUOzOGA2Y Sy AYUISNI OGA2Yy IMZGEBY f I QSH YR INEY Y
de la musique sur les comportements prosociaux et individuels (que nous mettrons en
relation avec une étude similaire chez les enfants), les préférences musicales selon
RATFSNBYy(iSa Y2RIfAGSE SG ft QSELINBaarzy &az2y2NB
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Chapitre 1: Influerce de la musique sur les comportements individuels et les interactions

sociales chez les calopsittes élégantes et les enfants

Parties 1 chez les calopsittes élégantes, etchez les enfants

Dans ces deux études, nous avons comparé les comportemenis amlopsittes aux
comportements de 144 enfants exposé de la musique consonante, dissonante ou pas de
YdziAljdzSd® [ QSGdzRS LR NIy (G adzNJ £ Sa SyFlryda |
posé 3 hypotheses.

6M0O 9y fASY | @SO f @ineldhiorkatedr Ses ReSs sbclaux,Yidaa A |j dzS
supposons que la musique aura un effet positif sur les comportements interactifs chez les
oiseaux comme chez les enfants. Nous supposons également que la musique aura un effet
positif sur leurs comportements indiA RdzSt & S Ij dzQSt-ar& | YSE A2 NS NI

GHO [ O2yaz2ylyOoS Silyld &42dzSyi RSONRGS O2
dissonance, nous postulons que la musique consonante favorisera davantage que la musique
dissonante le bierétre et les imeractions positiveschez les oiseaux comme chez les
enfants.

o0 b2dzA &2dzKIAd2ya S3AFfSYSyid SELX 2NBNI f ¢
O2y OSNY I yid € QFLIINByidAaalr3asS @20t SG :fes Ydzaa
deux sonteneffecaldr 6 f Sa RQI LILIMBsyésultatsiconpBablgsaire EePdeux
espéces permettraient de renforcer cette hypothése, méimlementRS &2 dzi Sy A NJ ¢
selon laquelle la musique serait aussi une adaptation biologique, et pas uniquement une

invention alturelle.

Chapitre 2 Préférences musicales chez les calopsittes élégantes et les corbeaux a gros

becs selon différentes modalités

Partie 1: Chez les calopsittes élégantes

Dans cette étude, nous avons proposé aux oiseaux un écran sur lequel éessimées
deux formes diffusant, au cours de trois tests successifs, deux types de musique différents.

Nous avons posé les hypothéses suivantes.
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6M0 9y fASY SO f QKeLRiKsasS RS f QI LIIINBYGA
nous supposons qué Sa Ol f2LJAAGGSaT LI NOS 1jdzQStf Sa &z
montreront des préférences musicales individuelles.

OHU b2dzd &adzZ3aISNBya S3AFESYSyld jdzQAf & | dzNF
oiseaux et leur personnalité.

(3) Laconsonanc8 G I y i a42dz@Syd RSONRGS O2YYS | ANBI o6f
dissonance, nous postulons que les oiseaux montreront une préférence genérale pour la

consonance par rapport a la dissonance.

Partie 2: Chez les corbeaux a gros bec

Dans cette étudenous avons placé individuellement sept corbeaux dans une voliére,
devant laquelle étaient diffusés successivement dans la méme journée cing types de sons de
quinze minutes, entrecoupés chacun de quinze minutes de silence. Nous avons posé deux
hypothéses.

(1)Nous supposons que les corbeaux a gros becs seront capables de discriminer
differents types de musique, et en conséquence montreront des différences
O2YLRNILSYSyidltSa Sy F2yOiAz2zy RS OS ljdzQAafta Sy

GHO 9y fASY | SO f QKadllimiesfacitateRr $le |& Musicalit?NS y (i A .
nous suggeérons également que la musique aura un effet renfor¢cateur sur les corbeaux a gros
bec, qui montreront donc a son écoute plus de comportements positifs et moins de
O2YLIRNILISYSyda RS & iesiNd driitthlaiic SNbus bugpasons aussi qué y O
les corbeaux montreront des préférences musicales, et plus spécifiguement pour la musique
2 L2yl AasSs LI NOS jdzQAta GAGSYyd | dz WHLIR2Y S |jdzi

Chapitre 3 Production sonore et rythmigue clrees calopsittes élégantes et les corbeaux

a gros becs

Partie 1: Production sonore chez les calopsittes élégantes

Dans cette étude, ous avons fourni a treize calopsittes différents objets produisant des
d2ya oOEeéef2LK2ySaz 3INBf gidant pas. Wousladdhsapesé trddsdz y Q
hypothéses.
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6M0 9y fASY 0SSO fQKeLRiKsasS Rdz 2Sdz O02YY!
f QF LIINBydAaal3sS @20t O02YYS FILOAftAGlI 0SdzNJ RS
22dzSNR2Yy (G I+ @SO f Séoduitbd PiSsice mahipulationgs6nbresSaiie de
YIEYALWz FGA2ya y2y az2y2NBax aSt2y RS&a ONRGSN
musique.

6H0 9y fASY 9SO ftQKelLRGKsasS RS fF astSOGAs:
plus motivés qudes femelles a produire des sons, spécialement lors de comportements de
parades et pendant la période de reproduction.

(3) Nous postulons également que les jeunes oiseaux manipuleront et interagiront plus
avec les objets que les adultedes comportementsexploratoires sont fréquemment

observés chez les juvéniles.

Partie 2: Production rythmique chez les perruches calopsittes et les corbeaux a gros becs

Dans cette étude, nous avons relevé tous les comportements de tambourinages
spontanés avec le begbsavés dans les différentes vidéos réalisées pour les besoins de
cette these. Nous avons posé trois hypothéses.

(1) Nous supposons que les tambourinages spontanés des individus montreront des
intervalles suffisamment réguliers pour étre qualifiés de tempbgtre considérés comme
une expression motrice du tempo moteur

(2) Nous nous attendons a ce que les tambourinages moteurs spontanés different entre
RSdzE AYRAGARdAzA RQdzyS YsYS SaLks O0Sx: 02YYS 0QSa

(3) Nous suggérons gue lesrthourinages moteurs spontanés seront différents chez les

calopsittes élégantes et les corbeaux a gros becs

51



52



Chapitre | : Influence de la musique
sur les comportements individuels et
les interactions sociales chez les
calopsittes élégantes et les enfants







Effects of listening to music on behaviour and social interactions in cockatiels

(Nymphicus hollandias)

Mathilde Le Covel; Carla Aimé T. T. Uyen TrdnRana Esseily& Dalila Bovet

Y| aboratoire Ethologie Cognition Développement. Université Paris Nanterre. 200 Avenue

de la République, 92000 Nanterre, France.

Corresponding author: Mathilde Le Covewthilde.le covec@hotmail.corf#33 6 26 70
58 41)

Acknowledgments

The authors would like to thank O. Bouillet, P. Groué and E. Matrtin for taking care of the
birds.

Moreover, the authors would like to thank Stephan Koelsch, who made available for us
the consonant and the dissonant musical stimuli used in this study, and Mathieu Amy for

helpful advices regarding the statistical analyses.

Abstract

Music exists in all human cultures and may have evolved in order to promote group
cohesion. Several nelnuman animals also seem to display a certain musicality. Among them
most are vocal learners, such as songbirds and parrots, suggesting that vocal learning could
be a prerequisite to musicality. In this study, we compared the behaviour of 13 cockatiels
between three situations: exposition to consonant music, exposition to dissonant music and
control (no music). We explored interactive and individual behaviour, using behavioural
observations and a sharing task. The results showed a significant effect of haadirgpe

of music on interactive and individual behaviour. They suggest that the birds pay attention
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to music and are able to distinguish consonance from dissonance, but also attest that music
lowers aggressiveness and increases proximity, and thereblg gramote positive social
interactions and be a factor of welfare. Regarding the sharing task, we did not find any
significant effect of the presence nor the type of music. Our findings support the idea that
musical abilities could be a case of convergamilution between species that are capable of

vocal learning, and promote in those species positive social interactions and group cohesion.

Key words: evolution of music, musical influences, social interactions, prosociality,

birds, psittaciformes, mug discrimination
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Introduction

According to Watanabe et al. (2009), given that most cultures have their own music,
including people with a traditional lifestyle, music is likely to have a long history.
Nevertheless, music is a complex concept, for Whiere is no consensus on the definition
yet. The concept of musicality is broader and might be easier to explore. Musicality has been
RSAONAROSR o0& 12Sa0KStS SG Itod S6wnmp0O & ai

perceive, appreciate and produdedza A O ¢ @

Why did music emerge in humans?

For Freeman (1998), music and dance could have evolved biologically and culturally as a
way to strengthen social bonds and form societies. Indeed, music has been shown to impact
group cohesion: songs sharing sodimctions have convergent forms across cultures (Mehr
et al. 2018), they can strengthen the solidarity of groups, like soldier songs (Cleveland, 1985)
and trigger ethical behaviour, as is the case of religious songs among religious people (Lang
et al. 2A.6). Listening to music in families and peer groups also contributes to group
cohesion (Boer and Abubakar 2014) and social intentions can be communicated through
musical interaction in expert improvisers (Aucouturier and Cannone 2017). Finally, some
studies show that, in children, playing music together enhances prosocial behaviour

(Kirschner and Tomasello 2010) and empathy (Rabinowitch et al. 2012).

What about other animals?

It has been shown that, although music has been made by and for humans, alstan
influence emotions in some nelmuman animals: in rats, it triggers an increase in calcium /
CaMdependant dopamine synthesis in the brain, suggesting that it could lower symptoms in
diseases involving dopamine dysfunction (Sutoo and Akiyama 2004, baneficial
physiological changes occur in response to music in dogs, implying that it could lower their
stress level (Bowman et al. 2017). Therefore, it seems that several abilities that are
necessary for music perception also exist in some-maman speies. However, little is

known about musicality in nehuman animals and how it may have evolved.
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Musicality in noshuman primates

Because they are phylogenetically very close to us, studying apes and monkeys is logical
when we want to understand how a sgific feature has appeared and evolved in mankind.
However, such studies show contrasted results. Indeed, only a few chimpanzees show
musical preferences (Mingle et al. 2014; Sugimoto et al. 2010), Sumatra orangutans do not
show any discrimination or prefences (Ritvo and McDonald 2016) and marmosets and
tamarins prefer slow tempi over fast ones, but prefer silence to music (McDermott and
Hauser 2007). As for rhythm, in Hattori et al. study (2013), only one chimpanzee out of three
was able to synchronizker tapping with the sound she heard, after a very long training.
Drumming has been shown in several male chimpanzees (Babiszewska et al. 2015) and in a
captive one, Barney, whose performance followed the structural and contextual features we
can find in lmman musical drumming (Dufour et al. 2015). Yet a complementary study to

I NySeQa OFrasS F2dzyR y2 20KSNJ NKEGKYAOIt SLA
production in other individuals (Dufour et al. 2017). Thus, the number of examples eof non
human primates interested in music remains small, and tends to show that apes and

monkeys may not be the best models to study the evolution of musicality.

The vocal learning hypothesis

These limited musical abilities in ntwman primates could be relatetd their restricted
abilities for vocal learning.

Indeed, as well as namuman primates, other species with low vocal learning abilities,
such as pigeons (Watanabe et al. 2009) or hens (McAdie et al. 1993) show no clear musical
preferences. Therefore, acaling to Watanabe et al. (2009), an animal would not show
musical preferences if it is not capable of vocal learning: musical stimuli would be reinforcing
only in species that learn complex auditory stimulations during their ontogeny. Patel et al.
(2008)also suggest that vocal learning is a prerequisite to rhythm entrainment. Indeed in
mankind, a coupling between motor and vocal development appears as early as 12 to 15
weeks of gestation (de Vries et al. 1985), infants vouator coordination enables the

development of gesture speech in adults (Iverson 2010) and in general, auditory pathway
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connections between auditory regions and motor planning regions would be stronger in
humans than in nofhuman primates, because they are capable of vocal learningl(Bat
Iversen 2014).

Yet among animal species only a few are able to learn vocal stimuli, like songbirds and
parrots, which learn to produce songs or other vocal signals during their ontogeny (Fitch
2006). Thus, birds that are capable of vocal learnmgccbe better candidates than nen
human primates when we want to study and understand the development and evolution of

music.

Musicality in birds

Several composers, such as Mozart, Beethoven or Messiaen, created musical plays
inspired by the song of lis. Indeed, birdsong and music share several specificities, as it has
been shown in various studies: many birdsongs sing according to precise rules, some of them
being probably similar to those inducing emotions when we listen to human music
(Rothenberg etal. 2014). Doolittle et al. study (2014) demonstrated that the hermit thrush
song displayed the same mathematical principles than those underlying western and non
6SaltSNYy YdzaAOltf aolfSaszr akK2giay3da | 02y @SNHSyYyO

Among vocal learners, some Java sparrows show a consistent preference for Bach
compared to Schoenberg and for Vivaldi compared to Carter: they prefer classical music over
modern music (Watanabe and Nemoto 1998), yet these preferences vary among individuals.
African grey parrots can use a touch screen allowing them to choose to listen to different
kinds of music, and show individual preferences, which seems to be influenced by
personality (Péron et al. 2012). Bullfinches, known for learning melodies from human
teachers, are able to whistle a human song melody taught by auditory feedback, but also to
anticipate synchronously the consecutive part of the learned melody (Nicolai et al. 2013) and
Theo, a grey parrot, was able to sing in response to a musical strantlito generalize the
Ydza A Ol f NYzt Sa akKS KSIFENR (G2 20KSNJ y20Sa o. 210
so complex and innovating that the authors explained it could not be just imitation. As for
the ability to entrain to a rhythm, it has aldmeen demonstrated in vocal learners like
parrots (Patel et al. 2009): six species of them at least have been observed spontaneously

entraining to a rhythm (Schachner et al. 2009); palm cockatoos can even create tools with
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which they perform regular beat pductions and repeated components in a consistent
context with individual styles, sharing key rudiments of human instrumental music

(Heinsohn et al. 2017).

Therefore, it appears that humans and birds share some features of musicality. As
mentioned before those features seem more limited in ntwuman primates, in spite of
their phylogenetic closeness with humans. Thus it is unlikely that musicality is an ancestral
trait that would have evolved in a common ancestor to humans and birds; conversely,
musicaliy could have evolved independently twice, both in humans and birds, as a case of
convergent evolution facilitated by vocal learning abilities. In humans, it has been suggested
that musicality could have evolved because it improves group cohesion; indegehHand
Bryant (2003) suggest that music signals the existence of a coalition and its quality. In birds,
songduetting improves the reinforcement of the pairbond by allowing mgterding, joint
territorial advertisement and synchronization of breedingr{Senschein and Reyer 1983).
More specifically, in parrots, duets allow a jotetritory defense (for example in yellew
naped amazons: Dahlin and Whright 2012), vocal matching enables to interact with all
individuals of a population, without being constrad to understand only a part of this
population (Balsby and Bradbury 2009) and dancing with a rhythm could be related to social
actions (Fitch 2009). Those suggestions and hypotheses bring the subject of the influence of

music on group cohesion and prasality.

Prosociality in birds

One way to study prosociality in animals is festdhring.

Food sharing is an altruistic behaviour, given that it costs to the donor and benefits to the
receiver. It has been studied in various species and more spegificalbirds like cliff
swallows (Brown et al. 1991) and letagled tits (Nam et al. 2010). It is broadly documented
in corvids: feeding cooperative behaviour has been discovered in Carrion crows in Northern
Spain (Baglione et al. 2002) and young commommavwommunicate the food location of
carcasses to their conspecifics (Heinrich and Marzluff 1995). In some species, it contributes

to social bonds, especially in pair mates, as is the case in rooks (Clayton and Emery 2007) and
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jackdaws (von Bayern 2007i. ¢ockatiels, a psittacid species, it is influenced by affinity and
kinship (LiévinBazin et al. 2019
To our knowledge, the influence of music on prosociality has not been studied in birds

yet.

The current study

This study aims to compare individubehaviour and interactive behaviour in 13
cockatiels between three situations: exposition to consonant music, exposition to dissonant
music and control (no music). Cockatiels belong to the psittaciforme order, in which birds
share complex cognitive skillsth primates and are capable of vocal learning. As mentioned
before, psittaciformes seem to share some features of musicality with humeang.(
cockatoos are able to entrain to a rhythm, Patel et al. 2009); as humerous videos show it as
well on the Intenet, they whistle, dance, sing and entrain to a rhythm. Furthermore,

cockatiels are easy to host and very sociable.

First, we attempt to explore the relationship between hearing music and interactive
behaviour. Indeed, in humans, music may have evolvechuse it promotes interactions,
prosociality and social bonding (Freeman 1998). Musicality might also have evolved in birds
thanks to a similar effect. In this case, we expect that the birds would be more prosocial and
interact more positively when heang music compared to control. We also aim to test the
influence of music on individual behaviour: indeed, music has been shown to alter behaviour
in birds (Robbins and Margulis 2016).

Second, we intend to explore whether music may have emerged in huarahsockatiels
by convergent evolution.g. independently but with the same adaptive function, in this case
promoting social interactions), given that both are capable of vocal learning and, as

mentioned before, promising results have already been obskmesocal learners.

Finally, we wish to test for the role of consonance as an important musical feature

involved in this relationship. In their most simple definition, consonant intervals are those
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that sound smooth or pleasant, while dissonant intesvake those that sound rough or
unpleasant (Trainor and Heinmiller 1998). Infants, like adults, have a preference for
consonance over dissonance, suggesting that in musical processing, the consonance /
dissonance feature is very basic (Trainor and Heiemil©98). In nofhuman animals,
consonance and dissonance trigger different neural responses in the auditory nerve (Tramo
and al. 2001) and the inferior colliculus (McKinney et al. 2001) in cats, and in the primary
auditory cortex in monkeys (Fishmanadt 2001). Chicks (Chiandetti and Vallortigara 2011)
prefer to approach an object associated with consonant melodies over dissonant melodies
and an infant chimpanzee preferred consonant melodies over dissonant melodies (Sugimoto
et al. 2010). Thus, it seentisat the preference for consonance over dissonance is not unique
to humans. Therefore we assume that consonant music would promote welfare and trigger

positive interactions between birds more than dissonant music.

Materials and methods

Subjects and haing conditions

This experiment was held in the Laboratoire Ethologie Cognition Developpement (LECD)
in Nanterre University (France), with thirteen cockatidlyriphicus hollandicugsee Bble
1). The birds were housed in an indoor aviary (296x257x25y veith no window. The
temperature was 23°C and the light was on from 9 am to 11 pm. Three stainless steel work
benches (155*55*84 cm) were located on the left wall and there were two big perches in
the middle of the room. Toys, cardboards and two trianglspended perches were also
available. Birds were feed ad libitum with seed Deli Nature for large parakeets, various fruits
and vegetables (but not fennel, a preferred food used during the experiment), aniseed sand

and water. Birds were deprived of food iMhours before the beginning of each session.
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Table 1. Name, sex and age of the birds

Name Sex Age when the experiment began
Hermes Male 3 years 10 months
Callisto Female 3 years 8 months
Viviane Female 3 years 8 months
Nephtys Female 3 years months
Seth Male 3 years 7 months
Bahloo Male 3 years 7 months
Skadi Female 2 years 11 months
Odin Male 2 years 11 months
Loki Male 2 years 11 months
Isis Female 4 months

Eole Male 4 months

Gaia Female 4 months
Morgane Female 4 months

Stimuli

Consonant and dissonant music stimuli were taken from Koelsch et al. study (2006).
Consonant stimuli were ten excerpts instrumental datwwees (all majorminor tonal music)
(see table 2). To create the dissonant stimuli, the original tunes wvedeetronically
manipulated (using CoolEdit Pro software, by Koelsch et al.,, 20069, recorded
simultaneously with two pitctshifted versions, which were one tone above and a tritone

below the original pitch.
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Table 2: Running order, time, compess and names of the plays included in the stimuli

Running order Time Composer and name of the play
1 00¢ 00:56 Anonymous, Entre€ourante
2 00:56¢ 01:55 J.S. Bach, Badinerie (Overture No. 2, BWV 1067)
3 01:55¢ 02:38 J.S. Bach, Bourrée (Overture Np.
4 02:38¢ 03:38 P. Castellangd.a Pufialada
5 03:38¢ 04:29 P.F. Caroubel, Volte
6 04:29¢ 05:27 A. Dvorak, Slavonic Dance No. 8 in G Minor (Op. 46)
7 05:27¢ 06:20 A. Dvorak, Slavonic Dance No. 1 in B Major (Op.72)
8 06:20¢ 07:07 V. HaussmanrGatkanei
9 07:07¢ 08:07 tSS 28S 9ttAas {2dAf AYyUNR 6
10 08:07¢ 09:05 J.S. Bach, Réjouissance (BWV 1069)
Study design

First of all, in order to familiarize the birds with music, we broadcasted to them classical

music, different from thetwo stimuli described above, for one hour a day (twice in the

morning and three times in the afternoon).

The experiment sessions began five days later. All testing was done in the aviary and was

filmed. The camera was stationary for the first seven miswtad held by one experimenter

during the prosocial test (the birds tending to move, we needed to follow them through the

aviary). Three experimenters familiarized with the birds were present: the first one filmed,

the second one fed the bird involved afite third one checked that the other birds would
not disturb the experimentd. gOKSgAy 3 (GKS GANB SljdzZA LIYSy (=

in three conditions: consonant music, dissonant music (using the two stimuli described

above) and control (no musicin eighteen experimental sessions (six per condition) over

four months. The sessions were composed of two phas€$) broadcast only and (2)

broadcast and prosocial test. Music was broadcasted with a Bluetooth speaker with constant

volume (5565 dB). Ater seven minutes, four or five birds per session were tested on their

prosocial behaviour (note that the music was still going on and that the tested birds were

not isolated from the other birds, but they were the only ones who received food from us

during this session). During the prosocial test, each tested bird received ten pieces of fennel.
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Most of the time, one given bird received successively ten pieces of fennel before we
proceeded to another bird. We waited for each piece to be eaten, fallen taytbend or
refused before giving the next one. Once all the ten pieces of food were eaten, fallen on the
ground or refused, the following bird also received ten pieces of fennel, until all the birds of
the tested group had received the fennel. If at onmei a bird refused the food several
times, we fed another bird and then came back to the previous one, and so on until every
bird of the group was presented ten pieces of fennel. Each session lasted on average
between 15:00 and 25:00 minutes (the varialilis due to the fact that the eating time
varies according to the birds).

The groups of tested birds remained the same during all testing sessignthé group A
Ay Of dzZRSR bSLKGeasx {{FTRAZ [21A FYR 928z Sa&O
NI YR2YAT SR FyR G(GKS 3INRdzZLJAQ NlzyyAy3d 2NRSNE

counterbalanced.
Coding

All videos were coded using a preestablished template.

The videos were divided between tlleree experimenters to be analyzed.

We recorded the NR& Q AYGSNI OUAQBS YR AYRAGARdAzZ f 06S
only, as described in table 3. We also recorded the birds feeding strategies observed during

broadcast and prosocial test, as described in table 4.
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Table 3. Recorded behaviour during @dcast only

Interactive behaviour

Proximity (duration) Two birds staying close to each othiere close enough to peck ea
other, for at least 3 seconds

Allopreening Two birds preening one another

(occurrences)
Preening request A bird requesting another bird to preene. him / her lowering his
(occurrences) her head or taking another bir

Agonistic behaviour A bird pecking another bird with or without contact, opening his

(occurrences) beak to threaten another one

Individual behaviour

Moving behaviour Bird moving {. e.walking) for 3 seconds or more
(occurrences)

Take-off Bird taking off

(occurrences)

Table 4. Recorded behaviour during broadcast and prosocial test

Shared piecgoccurrences) | Bird sharing the igce of fennel with another bird

Theft (occurrences) Bird to whom another bird is taking the peace of fennel, |
at least one of the two being aggressive toward the othe

Consumption (occurrences) | Bird eating the piece of fennel alone

Dropped piece(occurrences) Bird dropping the piece of fennel

Refusal (occurrences) Bird taking off without accepting the piece of fennel (&

10 refusals, the bird was given no more fennel)
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Statistical analysis

First, we tested whether the conditions (consonantisit, dissonant music and control)
influence interactive behaviour (spatial proximity, allopreenings, preening requests,
agonistic behaviour) and individual behaviours (moving behaviour;a&ke chewings, self
preenings, songs, stillness and relaxed debur) during broadcast only. Then, we tested
whether the conditions influence the feeding strategies (number of shared pieces, thefts,
consumptions, dropped pieces and refusals) during phase broadcast and prosocial test. Each
dependent variable was analgd in a distinct generalized linear mixed model (GLMM), using
the R program v3.4.3 (R Core Team 2017) and theoaduackage Ime4 (Bates et al. 2015).

We included conditions and times of the day (morning or afternoon) in the model as fixed
effects, and tle identity of the bird (or the dyad when the dependent variable was an
interactive behaviour) as a random effect. In addition, regarding the behaviour recorded
during broadcast and prosocial test, as the ten pieces of fennel were given to each bird
individually, we also included the running order as a fixed effect. We used a gamma
distribution for spatial proximity (since this variable was expressed as a duration), and a
Poisson distribution for the other variables (expressed as counts). Finally, to meaxiraiz

model likelihood and to eliminate any unnecessary fixed effects, we used a backward
stepwise approach: we started with all the fixed terms cited above, tested deletion of each
2yS>y RSESGSR GKAAa GSNXY AT RSt Speatedyhe pracessl? SR
dzy GAf y2 FdzNIKSNI AYLINROSYSYy(d ¢l a Ll2aarofSo 2
w FdzyOiAz2y G2 GSad F2N) aA3ayAFAOFIYG AY-LINRQGSY
values for fixed effects. In addition, we used phst Tukeg tests (Tukey 1949) to perform

pairwise comparisons between conditions.
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Results

Broadcast only, interactive behaviour

As shown inTable 5 presence and type of music have significant effects on proximity,

agonistic behaviour, allopreenings and pre@enrequests. In particular, pesioc Tukey tests

show that the birds stayed closer to each other but did less preening requests when hearing

consonant music compared to dissonant music or control. They also did less allopreenings

when hearing consonant nsic compared to dissonant music, and they tended to do less

allopreenings when hearing consonant music compared to control. The birds were also less

agonistic when hearing music (consonant or dissonant) compared to control.

Table 5.GLMM analyses of spaaneous behaviours during the music influence

experiment (broadcast only)

Consonant| dissonan{ consonant
dependent Fixed effects .« H p VS VS VS
variable (final model) (LRT testy DH (LRT test) control control dissonant
proximity music 18,13 2 0,0001 <0.00% 0,54 0,01
agonistic
behgaviors music 72,01 5 2.3x1016 <0.001 <0.001 0,51

daytime 11,26 1 0,0008 B B B
allopreening music 13,917 2 0,001 0,07 0,3 0,001
daytime 10,87 1 0,001 N N N

reenin
reloquestsg music 31,3 2 1.5x167 0,003 0,33 <0.001
daytme 6,11 1 0,01 N N B
Moving music 15,7 2 0,0003 0,005 0,002 0,95
preening music 30,5 2 2.4x1067 <0.001 0,02 0,01
chewing music 26,25 2 2.0x166 <0.001 <0.001 <0.001
flying music 12,39 2 0,002 0,05 0,06 0,83
immobility music 10,44 2 0,005 0,006 0,03 0,84
inactivity music 14,42 2 0,0007 0,001 0,93 0,005
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Broadcast only, individual behaviour

As also shown iffable 5 presence and type of music have also significant effects on
individual behaviour. In particular, pekbc Tukey tests show that therds moved less, self
preened less, chewed less and tended to fly less when hearing either consonant or dissonant
music compared to control. They also samléened less and chewed less when hearing
consonant music compared to dissonant music. Type of nfusiconsonant or dissonant)
had no significant effect on moving behaviour and takks. In addition, the birds were
stiller or more relaxed when hearing music compared to control. Finally, they sang more

when hearing dissonant music compared to consdrmausic or control.

Table 6. GLMM analyses of spontaneous behaviours during the music influence

experiment (prosocial test)

Behaviour Fixed effects (final model) . H O W DF p (LRT test)
sharing none _ _ i
stealing daytime 4,3 1 0,04

consumming passation order 25,27 1 3.3x106
dropping passation order 27,48 1 1.1x106
refusing none — — -

Prosocial test

As shown inTable § there were no significant flerences between conditions regarding
feeding strategies (shared pieces, thefts, consumptions, dropped pieces or refusals). Indeed,
for these dependent variables, including condition as a fixed effect in the GLMM models did

not lead to a significant incese in the model likelihood.
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Discussion

The aim of this study was to compare the behaviour of 13 cockatiels between three
situations: exposition to consonant music, exposition to dissonant music and control (no
music). We found some significant effechearing and type of music on interactive and
individual behaviour. Our findings suggest that the birds pay attention to music and are able
to distinguish consonance from dissonance. The results also support the hypothesis
according to which music lowgraggressiveness and thereby could promote positive social
interactions and be a factor of welfare. Regarding the sharing task, we did not find any

significant effect of the presence nor the type of music.
Do birds pay attention to music?

Our birds havdess maintenance behaviour (moving behaviour and {affe tendencies),
they chew less and are stiller and more relaxed when hearing music compared to control.
Another study showed that hens preen less when hearing country, jazz or classical music
(Ladd ¢ al. 1992). Besides, on psittacines, pop music decreases the number of calm

vocalizations (Williams 2017).

This could suggest that the birds pay more attention to music, and thus tend to stop their

usual activities.
Hearing music promotes interactivehzasior

Our results are concordant with some other studies in humans anehooman animals.

In human beings, some studies suggest an influence of music on social behaviour: music
therapy (in which music is listened to or played, according to the studmgyoves the
mood of patients (Guétin et al. 2009) but also reduces aggressiveness in aggressive children
(Choi et al. 2008) and high school students (Geravand and Nuorifard 2014). This positive
influence has also been demonstrated in Awmman animals, w&ch as laboratory
chimpanzees (Videan et al. 2007), for whom instrumental music increases affiliative

behaviour and vocal music decreases agonistic behaviour-hdased western lowland
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gorillas (Wells et al. 2006), also tend to show less abnormal betavigfR 02 ¥ & LIS OA (
directed aggression when listening to classical music. Other studies explore the mechanisms
involved in this relationship: several beneficial physiological changes occur in response to
music in rats (Sutoo and Akiyama 2004) and dogs (Boveiaih 2017).

Therefore, our results support the idea that music increases closeness between

individuals and reduces aggressiveness.

The role of consonance

The fact that the birds have less allopreenings and less preening requests, that they self
preenless and chew less when hearing consonant music compared to dissonant music and
control could be due to the fact that they pay more attention to consonant music than to
dissonant music and thus tend to stop their usual activities. The ability to disat&nin
consonance from dissonance appears very early in human infants (it already exists in two
daysold infants, Masataka 1999). Even though some animal species seem quite indifferent
toward the consonance / dissonance feature, as is the case of rats (CBegpgue and
Toro 2015), which are able to discriminate consonant and dissonant chords but not to
generalize this discrimination to novel items, or cotttmp tamarins (McDermott and Hauser
Hannov YR /YL St falQa013) vhyich S kot péely 2 RUdspedkier
broadcasting consonant music over dissonant music, other studies demonstrate that the
consonance / dissonance feature is not unique to humans. For example Java sparrows
(Watanabe et al. 2005) and Japanese monkeys (Izumi 2000) can diateinabnsonant
chords and dissonant chords and even transfer this discrimination to novel frequencies of
sounds. This ability to distinguish consonance from dissonance could thereby be innate,
since it exists in several species. Bowling and Purves (20d8¢s that a biological sense of
consonance would develop in any species generating harmonics in its vocal communication.
As it happens, in parrots, contact calls consist in several harmonic series (Balsby et al. 2012).
Whether the cockatiels prefer consance over dissonance remains to be explored: a study

aiming at answering this question is currently in progress.
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Song
Interestingly, the results show that the birds sing significantly more when hearing

dissonant music compared to consonant music amtml. Actually, most of the songs were
produced by one young male bird, Eole. In many songbirds, for example in nightingales,
males overlap the song of opponent birds, in order to repel their territory (Hulsch et Todt.
1982; Kunc et al. 2006). Althougharpots do not defend an apurpose territory for
breeding, they defend vocally the immediate area around their nest sites (Bradbury and
Balsby 2016). We also have some empirical evidence that in captivity, various species of
songbirds and parrots vocalimeore when they hear various sounds. @.vacuum cleaner,
running water, television or radio) than in silence. This behaviour is observed even in non
territorial birds, such as weaver birds (Geberzahn, Le Covec and Bovet, unpublished
observations). Thisdhaviour is difficult to interpret, as it seems counterintuitive (most
published studies focus on how birds adapt to environmental noise by reducing masking
effects, for example by vocalizing more when levels of noise are low: Brumm and Zollinger
2013). Tlerefore Eole may sing more when hearing dissonant music because he dislikes it
(and tries to mask it or to make it stop), but we cannot exclude that he prefers dissonant
music, as we also observed psittacidaes vocalizing or singing along music or nbitkeytha

seem to appreciate.

Hearing music does not influence sharing behaviour

Regarding the presence or type of music, the results showed no significant differences
between feeding strategies. This could be due to the experimental situation. Indeed,
significant results were observed for the ndniggered and spontaneous behaviour, whereas
the sharing task was induced and not spontaneous in this experiment. It was the
experimenter who decided when each bird was going to be fed and the amount of fennel he
/ she was given.

Furthermore, these negative results could be due to the stimuli chosen. Indeed, each
stimulus consisted of ten short musical excerpts from very different styles (classic, tango,
2T T X000 Ly O2yaSljdsSyO0Ss RdzN¥k je@ures K& rhyhin ¥ T dza A 3
YSEt2RAS&a>Y AyaidNHzySydazx SGO0X @GFNASR | 204G | yF
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behaviour. Therefore, those variations within each stimulus may have limited the saliency of
the consonance / dissonance feature.

It is dso important to note that the sharing events were very scarce (only a total of 23).
The fact that the birds did not share much in general could be due to their age: in jackdaws,
food-sharing peaks while they are still developing and decreases by thetheye have
formed a bond with one affiliative partner (von Bayern 2007). Likewise, in cockatiels, food
sharing decreases during the first year of life and is mostly observed between related
individuals or birds with affinitied_{évin et al. 201P Indeed,among our cockatiels, most of
sharing events occurred between young birds and / or siblings. Thus, the lack of significant
difference regarding the sharing behaviour between the conditions could be a consequence

of the scarcity of this behaviour.

The sen$ivity to music, a case of convergent evolution?

Our study shows that music influences positively social interactions in cockatiels, as is the
case in human beings (as mentioned above). This could suggest, as proposed by Freeman
(1998) that musical ahiles would have evolved so as to promote social bonds and group
cohesion. Cockatiels being vocal learners, these results also support Watanabe et al.
hypothesis (2009), which suggests that musical stimuli are only reinforcing in species that
are capable ofvocal learning. Indeed, other vocal learners like elephants show less
stereotypies in zoo when exposed to classical music compared to silence (Wells and Irwin
2008), whereas in some nerocal learners, there is no reinforcing effect of music, as is the
case for pigeons (Watanabe et al. 2009); classical music even increases hens' fearfulness
(Campo et al. 2005) and rock and classical music gorillas stereotypies (Robbins and Margulis
2014). Yet this hypothesis needs to be taken carefully into account: ggaiiously, music
can have positive effects in some nwacal learner species such as apes or rats; moreover,
in captive dogs, classical music reduces stress level (Kogan et al. 2012) and barking and
increases the time spent resting (Wells et al. 2002rp therapy also decreases captive
R23aQ NBALANI A2y NIGS:ET NBadGtSaaaySaa FyR |y
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Both receptivity to music and vocal learning seem to be features shared by quite distantly
related species (human beings and cockatiels):¢hidd be a case of convergent evolution,
that is to say that those traits would have evolved independently in two species but with the
same adaptive function.

Another interesting aspect is the fact that consonance seems to be an important property
of must for several species: in addition to humans (Trainor and Heinmiller 1998), chicks
(Chiandetti and Vallortigara 2011) and one chimpanzee (Sugimotd. €4010) prefer
consonance over dissonance, and our cockatiels display significantly different behaviour
depending on the type of music they listen to (consonant or dissonant). This could support
the hypothesis according to which one musical feature, the discrimination between

consonance and dissonance, would not be unique to humans (Sugimoto et al. 2010).

Since the birds are closer to each other when hearing consonant music whereas they
display a more agonistic behaviour in the control condition, music could also be a factor of
welfare and enrichment for them. Whether this factor could be broadened to osipecies
remains to be studied, yet it could have positive implications for some captive animals, in

particular vocal learners.

Ethical statement

National guidelines for the care and use of animals were followelbirds were housed
according to stadard conditions approved by the French National authorities.

All procedures were in accordance with the ethical standards of the institution or practice
at which the studies were conductedhis study is in line with French and European
legislation for armmal care and was approved by the Ethical Committee for Animal

Experimentation Charles Darwin (authorization number #7035 2016093011025283 v2).
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Abstract

Music exists in all human cultures, suggesting that musical abilities may have spread in
response to evolutionary pressures. In particulaysic may promote group cohesion. This
view is supported by some developmental studies showing that joint music making
promotes prosociality in children. However, knowledge on the influence of listening to music
on social behavior is scarce. Moreover, aftnioothing is known about how the social effects
of music vary across development, and which musical properties are involved. Here, we
played back either consonant or dissonant music or a record of class sound (control) to 144
children from age 3 to 6. Weompared prosocial behavior and social interactions among
conditions using three tasks (sharing, cooperating and helping). The results showed that

children listening to consonant music took more time to complete the sharing task because
81



they hesitated morewhen sharing the resources than children in the dissonant or control
conditions, although the amount of shared resources between partners did not differ among
conditions. Moreover, we found significant positive effects of listening to music on social
interactions during the cooperation taskg, on mutual looks from age 3 to 5 and on verbal
interactions from age 5 to 6). Consonant and dissonant music had similar effects before age
4, whereas only consonant music promoted social interactions in olderrehildlo our
knowledge, this study is first to demonstrate that listening to music, especially consonant
music, promotes positive social interactions in children, and first to show that the sensitivity

to consonance increases with age.

Key words: Evolutia of music perception, musical influences, social interaction,

prosociality, preschool children, development
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Introduction

Music is a deeplgocial activity inducingmotional and behavioral responses (Trainor and
Schmidt 2003; Juslin and Vastfjall 8D0It exists in humans for at least 40,000 years, as
evidenced by the discovering of the Hole Fels flutiee oldest known musical instrument
in Germany in 2008 (Conard et al. 2009). Some forms of music exist in every human culture
(Merriam 1964) andalthough musical forms and meaning vary widely around the world,
human musicality has some universal components (Brown 2013). In particular, music
perception and production require some cognitive abilities that are widely shared among
humans. Some of thenlike melody recognition (Chang and Trehub 1977), perception of
pitch and temporal patterns (Hannon and Trehub 2005, Trehub and Hannon 2006), and
preference for consonant music (Trainor et al. 1998; Masataka 2006) have been observed
even in very young infds, suggesting innateness. For instance, Masataka (2006) found a
preference for consonance rather than dissonance in-tlagsold infants, including in
newborns of deaf parents. Trainor et al. (1998) obtained similar results with42 months
old babies. These observations revive the debate of how musicalgy the abilities that
makes it possible to perceive and produce music, Hoeschele et al. 2015) emerged and spread
a2 6ARSte@ Ay KdzYryaQ KAaG2NREO

The question of whether music was a cultural inventor an evolutionary adaptation has
long been debated. Evolutionary theory (Darwin 1859) predicts that traits that are heritable
(i.e. genetically or culturally transmitted to offspring) and adaptive.(advantageous for
survival and/or reproduction) ira given environment will tend to increase in frequency
generation after generation in this environment, as they are transmitted to more offspring.
Darwinian evolution may thus explain the wide spread of musical abilities among humans,
provided that they & heritable and that a positive association exists between musical
abilities and survival and/or reproduction. Heritability is supported by genonade linkage
and association studies, which have identified some genetic variants associated with musical
abilities (Ukkola et al. 2009, 2013). However, the existence and nature of any relationship
between musical abilities and Darwinian fitnegg.(survival and/or reproduction) are still
open to question.

Answering these questions would have multiple outceméndeed, beyond a better

understanding of the origins of human musicality, identifying any adaptive function related
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to musical abilities will help to understand how music can influence human behavior. This
study is thus at a crossroad between evolutionaciences and developmental psychology:
by investigating the effects of listening to music on prosociality and social interactions in
preschool children, we aimed at (1) investigating how listening to music influences human
social behavior, (2) explorinigow these effects vary across development, (3) identifying
some musical properties involved, and (4) reaching a better understanding of how musical

abilities evolved in humans.

How did musicality emerge in humans?

First, it is worth to mention that, aceding to some researchers, music might be a purely
cultural invention, lacking any biological function. For instance, Pinker (1997) speculated that
music had been invented as a pleasure activity, that it had no particular effect on survival
and reproducton, and that all components of human musicality jgsasted and were
involved in other functions like language or emotional communication. This hypothesis is
O2YY2yfeé NBFSNNBR la GKS atAy]l1SNDa OKSSaSoOl
dessert: whereas food is necessary for survival, the cheesecake recipe itself is a cultural
invention with no particular function. However, this hypothesis does not provide any
explanation for the worldwide spread of music in human populations. Indeed, as mentioned
before, music is traditionally found in every culture (Merriam 1964). Furthermore, music has
Ydzf GALX S R2O0dzYSYyGdSR SFFSOGa 2y Kdzy¥lyaQ Syz2i
performances. For instance, joint music making promotes empathy in 8 to 11-gigars
children (Rabinowitch et al. 2012) and prosociality in 4 ye#dschildren (Kirschner and
Tomasello 2010). Music training may also promote mental and social development and play
a beneficial role in cognitive functions. Indeed, an increasing numiestuaies show
positive associations between music training in childhood and abilities in a variety of
domains, including speech perception, reading, vocabulary, spelling, sésmogubge
acquisition, visuespatial abilities, memory, executive functionimgtelligence, and academic
achievement €.g Schellenberg 2006; Hallam 2010). Human musicality may thus be a much
more promising candidate as an evolutionary adaptation than cheesecakes, although

experimental evidence is still needed to conclude.
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Among the functional hypotheses for the origins of musicality as an evolutionary
adaptation, two of them have been subjects of particular attention in the litterature: the
GaSEdzZ f asStSOlazy KeLRiKSaraés | yR GKS a@3INERc
sdz33Sa0GSR 6@ 5FNBAY Ay aGa¢KS RSaoOSyd 27F Ylyé
that musicality may have spread in humans as an adaptive trait. His view was that, like bird
songs, human musicality may have evolved in the context of sexual selethensexual
selection theory originated from the observation that some individuals have better access to
partners for reproduction than others of the same species and same sex. Thus, traits that
promote attractiveness and access to partners for reprodurcticust be adaptive, just like
those promoting survival. In this context, musicality may have evolved because it may
increase mating success, for example by signaling genetic quality to potential mates (Miller
2000). Indeed, producing music may be compled difficult, and may constitute an honest
signal of several abilities including motor coordination, capacity for learning, creastaty,
However, a central prediction derived from this hypothesis is that musical abilities should be
positively associat with reproductive success. Evidences for such relation are weak in
humans (Fitch 2005; Mosing et al, 2015), suggesting that the potential adaptive function of
musicality should perhaps be sought elsewhere. Alternatively, some anthropologists have
suggesed that music may have evolved as a way of fostering social bonding and increasing
group cohesiond.g Roederer 1984; Merker 2000; Dunbar 2017, Dissanayake 2000). We will

focus thereafter on this hypothesis, which will be tested in this study.

CKS GANRIANZ2Y KeLRIKSAAAE

Humans are a highly prosocial species. Indeed, we are regularly engaged in prosocial
actions {.e. actions that are beneficial for others), including actions benefitting to-non
relatives (Darwin 1871; Axelrod 1984). Prosociality rofteads to reciprocity, and both are
fundamental features in the process of building long term social relationships, which enables
group cohesion (Trivers 1971). In this context, some authors (Roederer 1984; Merker 2000;
Dunbar 2017) have suggested that smality may have spread in human populations as
music may promote prosocial behavior and increase group cohesion. Indeed, music is
traditionally a group activity, which may strengthen social bonds between individuals. In

particular, Dunbar (2017) has proged that music (and language later) may have served as a
85



a2NI 2F Gl 02dzaGA O 3INER 2 YAY 3 éondng phisdaY grobdidg NIB LI
that maintains relationships and is important in the stability of social groups in most non
human primates. Ideed, the increase in group size that occurred during hominid evolution
may have required a more efficient social lubricant. Additionally, Falk (2004) and
Dissanayake (2000) have suggested that musicality may have first emerged in the context of
dyadic cormunication between mothers and their babies, enhancing pawmid bonding,
before being generalized to other forms of communication (ceremonial rituals, adult
courtship, etc.). This view is consistent with studies showing that maternal singing is
unusualy stable in pitch and tempo across cultures (Trehub et al. 1993), thanhtbese
human interest in music begins from the early days of life (Trehub 2003), and that maternal
singing modulates infant arousal more than maternal speech (Trehub and Nakala 20
Shenfield et al. 2003). Infants also exhibit more sustained interest in videos showing their
mothers singing than in videos showing their mother speaking (Trehub and Nakata 2001).
Regarding the proximal relationship between music and social behawore studies
KIS adzaA3SaG6SR GKIFG YdzAaAO Yl @& Ay Tithde®eh@dS (KS
mechanisms, placing the listener in good disposition for prosocial behavigrAreeman
1998). This hypothesis is supported by a study in mice (Angatet. 2007) which found
that exposure to music modulates the activity of the hippocampus, a cerebral structure that
plays a major role in the processing of emotions, including social emotions (Yang and Singh
2013). Moreover, a specific feature of musi@ativities, which distinguishes them from
other forms of social behavior, is the importance of rhythms that allows synchronization
between people. Sharing a rhythm may participate in creating and strengthening social
bonds amongst interacting group memise(Merker et al. 2009; Tarr et al. 2014). For
instance, Cirelli et al. (2018) found that interpersonal synchrony elicits helping behavior in

14-month-old babies.

From evolutionary theory to developmental psychology and education

The existing experimenta & dzLJLJ22 NI F2NJ G4KS @3aINRdzL) O2KS&A
from the litterature in developmental psychology. Indeed, prosocial behavior, including
sharing (Brownell et al. 2013), cooperation (Warneken and Tomasello 2007), and helping

(Rekers et al. 2011; &vheken and Tomasello 2006, 2007) is observed early in infant
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development, from the age of 14 months (see also Hay et al. 1999). As mentioned before,
developmental studies have shown that joint music production promotes helping behaviors
and cooperation id- years old children (Kirschner and Tomasello 2010) and empathy in 8
to 11-years old children (Rabinowitch et al. 2012), and also that interpersonal synchrony
elicits helping behavior in tfhonth-old babies (Cirelli et al. 2018). However, the necessary
conditions for music to promote prosociality in children are still unknown. In particular, the
existing knowledge is scarce about the influence of listening to music (beyond music
production) on social interactions, how it varies across development, andhwdre the
specific properties of music involved (beyond interpersonal synchrony). However, a better
understanding could have important outcomes, in particular for education. For instance, it
could pave the way for developing the use of music at schoal@edagogic tool, helping to

maintain a positive and collaborative climate for learning.

The current study

Here, we compared prosocial behavior and social interactions in 144 children from age 3
to 6, exposed to different sound stimuli: consonant musiissonant music, and no music
(i.e. a record of class sound as control).

First, we aimed at exploring the influence of listening to music on social behavior. In
particular, we tested whether listening to music promotes prosocial behavior and positive
sacial interactions, as suggested by the group cohesion hypothesis. By testing this hypothesis
in preschool children (age 3 to 6), we also aimed at investigating the social effects of
listening to music across a key period for socialization. Indeed, chileaem how to behave
by observing their peers and much important social skills are learnt in peer interactions.
Entering preschool provides children with numerous opportunities to interact with their
peers and is thus an important step in the developmehtheir social abilities (Mize and
Ladd 1990). Prosociality in preschool children has often been studied using resource sharing
tasks. Indeed, several authors have asked preschool children to allocate a resource (for
instance, some stickers) between therhaes and another child (or a puppet). They found
that most preschool children prefer to share equally and that they react negatively to unfair
distributions (LoBue et al. 2011; McAuliffe et @013; Shaw and Olson 2012, 2013).

However, when the items tollacate vary in terms of rarity or value, preschool children are
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more likely to keep the rarest or more valuable resource than to give it (Chernvak and Sobel
2015). To our knowledge, nothing is known about the influence of listening to music on
these shamg behaviors, as well as on other prosocial behaviors like cooperation and
helping. How these influences may vary according to age is also a remaining question.

Second, we aimed to test the role of consonance as a key property involved in the
relation between listening to music and social behavior. In music, consonance commonly
refers to some note intervals that are generally perceived as pleasant, whereas dissonant
intervals are generally perceived as unpleasang (Trainor et al. 1998). Indeed, excepte
exceptionsi(e.one study conducted in a native Amazonian tribe, the Tsimanes, showed that
they do not discriminate between consonant and dissonant music, Mc Dermott 2016), a
preference for consonance is generally observed in humans, even in verg ygants €.9.
Trainor et al. 1998; Masataka 2006). Consonant and dissonant music may thus influence
social behavior differently, in particular if the relationship between listening to music and
social interactions is mediated by the feeling of pleasussoaiated with the listening
activity. Indeed, endorphins are argued to mediate the pleasure experienced when listening
to music (Huron 2006; Koelsch 2010), and they are also known to play a major role in the
maintenance of social bonds (Machin and Dund@t1). Listening to consonant music being
a more pleasant experience than listening to dissonant music, it may thus have a stronger
positive influence on social interactions.

Third, we aimed at taking forward the debate of whether musicality emerged inahgm
as an evolutionary adaptation or a cultural invention. To this end, the results will be

discussed in light of those obtained in other studies focusing on musicality in other species.

Materials and methods

Participants

A sample of 144 children wacruited in two French urban preschool boards to
participate in this study. They were divided into three groups according to their preschool
grades: first grade (age 3.22 to 4.38, M = 3.75, SD = 0.61, n = 48, 24 qirls), second grade (age

4.32 10 5.48, M= 4.83, SD = 0.74, n = 48, 24 girls) and third grade (age 5.3 to 6.36, M = 5.83,
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SD = 0.31, n = 48, 24 girls). Children were tested in pairs. The two children in a pair were
always recruited from the same school and the same class, and we asked helph&iom t
teachers to avoid pairing together any best friends or children with conflictual relationships.

In order to reduce possible biases, we only paired children of the same gender and of less
than three months age difference. Each pair was randomly assigaeone of three

conditions (consonant music, dissonant music, or control), leading to a final sample size of

16 children per each age growpndition combination. Signed informed consent was
obtained from a parent or legal guardian for each participditte children also assented to
participate orally. In addition to signing the consent form, the parents or legal guardians also
answered a short questionnaire about the child, including age, sex, number of siblings, and
GKS Gg2 T2t f 205 A yekhilj pzstice any extdadurriculara&ivty réldted to
YdzaA OK G LINI OGAOS 2F I YdzaAOlIf AyaidNdHz¥Syidz RE
a2YSGAYSa KSFN OfFaaAaolt Ydzaal Id K2YSKéESD ¢

the statisticalanalyses, as described below.
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Stimuli

Three sound stimuli were used, corresponding to three different conditions:
consonant music, dissonant music, and control. The consonant and dissonant stimuli were
taken from Koelsch et al. (2006). The consonstimhulus was built out of ten excerpts of
joyful instrumental dancgéunes from the last four centuries (Table 1). Each excerpt was one
minute long. To create the dissonant stimulus, the original tunes were electronically
manipulated using CoolEdit Pro seftre. They have been recorded simultaneously with two
pitch-shifted versions, which were one tone above and a tritone below the original pitch.
Both consonant and dissonant versions of an excerpt had the same dynamic outline,
identical rhythmic structureand identical melodic contour (Koelsch et al. 2006). Koelsch et
al. (2006) used these stimuli to compare, in a fMRI study conducted with adult participants,
the effects of pleasant.e. consonant) and unpleasaritg, dissonant) music on activation of
the cerebral structures involved in emotion processing. The two stimuli led to activation of
distinct structures, suggesting that they are different enough to elicit distinct emotional
reactions. Finally, we used a record of class noise as a control. Thisviaay listening to
O2yaz2ylyd 2NJ RAadazylyid YdzaAozr OKAfRNByYyQa

when listening to a familiar sound, mimicking their daily sound environment at school. To

Qi

create the control record, we recorded the ambient noise iclassroom for thirty minutes,
during a recreational moment. We then processed the record using Adobe premiere CC 2015
in order to delete any part with recognizable or understandable voices and to keep only the

background noise.
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Table 1. List of the exepts included in the stimuli

Order Time Composer, name

1 0071 00:56 Anonymous, Entre€ourante

2 00:561 01:55 |J.S. Bach, Badinerie (Overture No. 2, BWV 1067)

3 01:5571 02:38 |J.S. Bach, Bourrée (Overture No. 1)

4 02:387 03:38 | P. Castellanos, La Puada

5 03:381 04:29 |P.F. Caroubel, Volte

6 04:291 05:27 | A. Dvorak, Slavonic Dance No. 8 in G Minor (Op. 46)
7 05:271 06:20 | A. Dvorédk, Slavonic Dance No. 1 in B Major (Op.72)
8 06:201 07:07 |V. Haussmann, Catkanei

9 07:077 08:07 |Pee WeeEllis,Soulnt ro (AThe Chi c
10 08:0771 09:05 |J.S. Bach, Réjouissance (BWV 1069)

Study design

All testing was done at school, in the morning, by the same experimenter and assistant
(the two first authors). The experiments were filmed for the purpose ofahalyses using a
Sony Handicam HDRX410 camera. The experimenter and the assistant strictly followed
the same script to demonstrate the consecutive actions and instruct each pair of children.
The experiments with each pair of children were composed af t@nsecutive stepg (1)
listening only, and (2) prosocial tasks (while the stimuli continued to be played back). First,
GKS SELSNAYSYGSN a1SR (KS OKAfRNBYy G2 &aAi
while the assistant is setting up some newWySa ¢ ® hyS 2F GKS &dAYdz
music, dissonant music or control) was then diffused using a bluetooth speaker, with
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constant volume (5%5 dB). Seven minutes later, the experimenter told the children that
the games were going to start. The Idnén then performed three prosocial tasks designed
to test sharing, cooperation and helping, respectively.

For the sharing task{gure 1}, each child had to share allocations (stickers) with the other
child of the pair. To prevent any bias on the shgrbehavior due to the presence of the
other child in the room, the children were tested one after the other following the same
procedure (while one child was tested by the experimenter, the other waited outside with
the assistant). Each child was presehtsith seven stars shape stickers of seven different
colors (blue, pink, red, grey, orange, purple and yellow) and two pots to put the stickers in.
One of the pots was identified by the experimenter as belonging to the tested child and the
other to the chid waiting outside. One of the stickers was tiodd larger than the others (2
inches), and colersize combinations were randomized for each child. Each child was told to
decide how to allocate the stickers between him or herself and the other child tingthe
stickers in the pots. Dependent variables were the number of stickers given, the allocation of
the largest one (given or kept), hesitations (yes if at least one sticker was shifted from one
pot to the other, no if not), equity (Does the child shaas equitably as possiblee. give
either three or four stickers among seven), and duration of the task (time interval in seconds

between stickers presentation and the moment when the last sticker was put into a pot).

Stickers

Figure 1.Sharing task

For the cooperation task, children were asked to cooperate by pulling on two strings in
synchrony in order to scoot out a drawer with two pots attached to it, each containing a

reward (stickers). The task was designed such as if only ong stas pulled out, the drawer
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did not move. The apparatus is shownHigure 2and was inspired from Hamann et. al
(2011). Before the children could manipulate the strings, the experimenter and her assistant
demonstrated the action needed in order to sucde¢he task: first the experimenter
explained to the children that the pots contain rewards and that in order to get them, they
should pull the drawer out. Then she tried to pull on the string alone showing that the
drawer did not move and, five secondsdantthe assistant came and pulled the second string
in synchrony resulting in pulling the drawer successfully from position A to position B. After
the demonstration, the experimenter moved the drawer back to its initial position and the
children were leftalone in the room to avoid any thirgarty influence. The task ended when
the children successfully retrieved the drawer or after two minutes of manipulation. We
coded the duration of the task (time interval between the first time the two children held
the strings and the moment when the drawer reached position B) and the number of mutual

looks, mutual laughs and verbal interactions per second.

Reward
boxes 5

Drawerin
position A

Position B

Strings

Figure 2. Cooperation task

For the helping tasKFigure 3, as in Kirschner and Tomasello (2010), we created a
situation in which one of the children had a sudden accident that presented the partner with
the choice to help or to continue his or her own activity. To this end, we developed a
detailed background story involving two little ducks who were very hungrynaeded to be
fed. The ducks were represented by two little toys previously placed into two distinct
oFaisSia o0GKS daLRYyRatdove® CAGS YSGSNAR | gl @&
containing two plastic tubes each, one white and one coloured (red or hlacid two
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containers containing seven white balls and seven coloured balls (red or black)Fequate

3). First, as a part of the story, the children were asked to put the balls in the appropriate
tube matching the colours, pretending that the balls weoefeed the ducks and that they

had to be transported using the tubes. The white balls in the white tubes were used by the
SELISNAYSYGSNI 12 RSY2Y&AGNI 4GS GoA0OS K2g (2 4TS
assigned to a color, either black or reddamoth children were asked to carry out their tube

from the support to one of the two ponds and to spill the balls in it. However, we had
prepared the black tube (broken tube) so that the bottom fell out and all seven balls were
spilled on the floor. Thimanipulation allowed us to assess helping behaviors from the child
K2 KIFIR (GKS NBR (dzoS oy2id YIyALdzZ I §SROD LYy
(i.e. the child assigned to the red tube) stopped his/her activity and whether he or she
helped the aher child by picking up some balls. We also assessed the number of balls picked

up by the helper, if any. The children were left alone in the room during the task to avoid any

third-party influence.

black tube ) Red tube
(broken) White tubes used for

demonstration

(not broken)

e

Duck ponds Colored balls
Figure 3. Helping task

The three tasks were perforaa in the same order (sharing, then cooperation, and then
helping) for all pairs. The sharing task was performed first as it was done individually, and

the children did not know after the task how the partner allocated the stickers. This task was
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thus lesdikely than the others to influence later behaviors and interactions during the other
tasks. On the opposite, the helping task was the last to be performed as being helped or not

08 0GKS LI NIHYSNI A& fA1Ste G2 Ay TstodaSryadtter. | OKAf

Coding

All videos were coded by the same coder, using the VLC Media Player software. To assess
inter-rater agreement, 20% of them were indepesdly coded by another coder. We
reached aninteNJ G SNJ | ANBSYSyid 2F STnandpr F2N 6KS &KI
GFralz YR STnodd F2N 0KS KSE LAYy GFalo

Statistical analyses

Each dependent variable was analyzed in generalized linear mixedlsn@LMM), using
the R program v3.4.3 (R Core Team 2017) and theoadohckage Ime4 (Bates et al. 2014).
The following variables were included in all models as fixed effects: Condition, Grade,
Condition in interaction with Grade, Sex, Does the child tmacor have practised any
extracurricular musical activity (yes / no), Does the child regularly hear classical music at
home (yes / no), and Does the child have siblings (yes / no). Moreover, for the sharing task,
we also included the Order of testing asfixed effect. Finally, all models included the
Preschool institution and Class as nested random effects. In order to maximize model
likelihood and to eliminate any unnecessary fixed terms, we used a backward stepwise
approach: we started with all the fxl terms (main effects and interactions), tested deletion
2T SIFIOK 2yS>y RSftSGUSR GKA&a GSNXY AT RStSGA2Yy A
LIN2E OS&da dzyuAf y2 FdzZNOKSNI AYLINRPGSYSyid gl a L3
for significantA YLINRE dSYSy i 2F (GKS Y2RSf Qavaldes\for$he A K2 2 R
fixed effects included in the final model, based on Likelihood Ratio Tests (LRT). In addition,
we used poshoc Tukey tests (Tukey 1949) to perform pairwise comparisons among the
three conditions. Finally, when a significant effect of the Condition:Grade interaction was
detected, we performed additional GLMM analyses within each grade to investigate which
pairs of conditions differed significantly for each grade. These models attltle same

fixed and random effects as above, except Grade and Grade:Condition.
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Results

The detailed results of the GLMM analyses for the three tasks are reporiegbie 2.

Sharing task

Regarding the sharing task, as shown in table 2, second gtatiizen took significantly

less time to complete the task than first and third grade children, although they were more
likely to switch stickers from a pot to another (hesitations). Condition also had a significant
effect on these variables. Indeed, chén listening to consonant music took more time to
complete the task and hesitated more than those in the control condition. The dissonant
condition led to intermediate values for these two variables, with no significant differences
as compared to the caonant or the control condition. However, the tested variables had
no significant effects on the level of sharing (humber of stickers given), on the probability
that a child gave the largest sticker, or on the probability that a child shared as equitably a

possible.

Table 2. Results of the GLMM analyses conducted with the whole sanffdéowing
pages)
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Fixed effects in the

Task Dependant variable , Means?
final model
Grade 1*% 41.14 s; - 21.08 s3: 40.89 s
Duration of taskin seconds)
Condition CM: 4297 s; DM: 37.70 s; C: 28.37 s
Grade 1°% 20.83%; 2" 58.33% s;'3 18.75 s
Hesitations (yes/no)
Sharing Condition CM: 45.83%; DM: 37.5 %; C: 14.58 %
Number of stickers given none _
Is the largest sticker given’ none _
Equity none _
Condition:Grade _
Sex Girls: 31.3 s; Boys: 13.85 s
Duration of tasKin seconds)
Having siblings Yes: 22.74; No: 23.19
Musical practice Yes: 16.19 s, No: 24.34 s,
. Mutual looks(per second) Condition:Grade _
Cooperation
Mutual laughs(per second) Condition:Grade _
Condition:Grade _
Verbal interactions Musical practice Yes: 0.04; No: 0.02
(per seconds) .
Familiarity to
. . Yes: 0.01; No: 0.03
classical music
Helping Waiting (yes/no) Grade 1% 0.01; 2% 0.12; ¥: 0.09
Picking up (yes/no) None _
Number of balls picked up None _
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.2 DF p Tukey tests

13.41 2 0.001 1%- 2" 0.002 2"-3:0.003 1%- 3 0.86
9.22 2 0.01 CM-C:0.01 DM¢C: 0.08 CM-DM: 0.92

13.45 2 0.001 18- 2" < 0.001 2"-3:0.001 1%-30.76
10 2 0.007 CM-C: 0.008 DM-C: 0.07 CM-DM: 0.61

721.35 8 <0.001

171.07 1 <0.001

94 .41 1 < 0.001

20.07 1 <0.001 B 3 _

78.97 8 < 0.001 3 B
40.92 8 <0.001 B 3 _

23.92 8 0.002 B 3 B

8.56 1 0.003 B 3 B

18.92 1 <0.001 B 3 B

7.21 2 0.03 1t-2"-0.88 2"_340.14 1349 0.21
a CM: Consonant Music; DM: Dissonant Music, C: Control
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Cooperation task

All children succeeded in this task. Howgvas shown indble 2 both male sex, having
siblings or practising a musical activity are associated with less time to complete the
cooperation task. Moreover, practising a musical activity is associated with more verbal
interactions, whereas familiagit with classical music is associated with less verbal
interactions. Finally, we found significant effects of the Condition: Grade interaction on all
dependant variables (duration of the task, mutual looks, mutual laughs, and verbal
interactions). To helmterpreting these interaction effects, we conducted separated GLMM
analyses for each grade. The results of these analyses are repoffedlm 3and illustrated
in Figure 4 In particular, we found that first grade children took more time to complete the
task when they were listening to music (either consonant or dissonant) as compared to the
control noise. In contrast, we found no significant effects of condition on the duration of the
task in second grade nor in third grade children. First grade chiidréme music conditions
(either listening of consonant music or listening of dissonant music) also had more mutual
looks per second than those in the control condition. Moreover, second grade children in the
consonant music condition had both more mutl@abks and more mutual laughs than those
in the dissonant music condition or those in the control condition. Finally, third grade
children in the consonant music condition had more verbal interactions than those in the

dissonant music condition or thosetime control condition.
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Fig 4 Effects of listening to consonant and dissonant music on behavior during the
cooperation task

abpifferent letters indicate a significant difference (p <0.05)

Helping task

Finally, as shown ifable 2 we did not find anysignificant effects of the analysed
variables on the behavior observed during the helping task. In particular, the Tuckey tests
revealed no significant pairwise differences among grades for the probability of waiting for
the partner in difficulty. Moreove the other tested variables had no significant effect on
this probability, and none of the tested variables had any significant effects on the

probability to pick up some balls and the number of balls picked up.
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Discussion

The aim of this study was tmvestigate the influence of listening to music on social
interactions in preschoolar children. We also explored how this effect varies across
development, by comparing three age groups defined by preschool grade (first grade: age 3
to 4, second grade: agéto 5, third grade: age 5 to 6). Moreover, we compared the effects
of listening to consonant or dissonant music, in order to test whether consonance is one of
the musical properties involved in the relation between listening to music and social
behavior. Finally, our results also give insights on how musicality emerged in human

evolution.

Musical influences on social interactions

Regarding the sharing task, we did not find any effect of listening to music on the level of
sharing nor on the probabilityotshare the most rare and valuable resource. the biggest
sticker). However, children listening to consonant music took more time to complete the
sharing task and hesitated moriee( did more switches from one pot to another) than those
listening to hie control sound. A possible explanation is that children listening to consonant
music might pay more attention in sharing equally than those listening to the control sound.
However, our results bring only limited support to this hypothesis as we didindtany
differences in equityife. probability to share as equally as possible) among conditions.
Alternatively, the children may have been more distracted by the consonant stimulus, as
they may pay more attention to consonant music than to a controlendievertheless, note
that some methodological issues may make the results of the sharing task difficult to
interpret. In particular, in order to control for the influence of color preferences on sharing
decisions, we decided to present to each child sestckers of different colors. Moreover,
one of the stickers was twiold larger than the others, in order to assess the percentage of
children who share the most rare and valuable resource. However, this procedure may have
020K O2YLX A Ol &HdiBes and 18d taOpiokly ifeXdBetatfedresults. For instance,
it is not clear whether a child who shares two stickers including the biggest one was less
concerned with equity than a child who shared three little stickers. Simplifying the sharing

task maybe useful for future studies, for instance by asking each child to choose one colour
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and then to divide seven identical stickers of the chosen colour between himself or herself
and the partner €.g. Liu et al. 2015; Posid et al. 2015).

Regarding the coopation task, we found significant positive effects of listening to music
on social interactions. In 2010, Kirschner and Tomasello already found that joint music
making promotes subsequent cooperative (and helping) behavior in 4 -pédrshildren.
Here, byshowing that listening to music together also influences cooperative behavior, we
thus went a step further. More precisely, although all the participants succeeded in the
cooperation task, the duration of the task as well as the nature and frequency @il soc
interactions between the children vary substantially depending on multiple factors. Male
sex, having siblings or practising a musical activity were associated with less time to
complete the task. Moreover, practising of a musical activity was assdciaith more
verbal interactions related to the task. This might be related to the fact that musical practice
in children has multiple positive effects on the development of cognitive and communication
abilities (Hallam 2010). In particular, musical tragninfluences the cortical processing of
linguistic pitch patterns (Schoéat al, 2004), and thus helps to develop better language
abilities €.g.vocabulary richness, Piro and Ortiz, 2009). In contrast, familiarity with classical
music was associated withds verbal interactions. This might indicate that children who are
familiar with listening to classical music pay more attention to the music and thus interact
less during the task. Most interestingly, both duration of the task and the nature and
frequencyof social interactions between the children were also influenced by an interaction
effect between school grade and condition. In particular, first grade children had more
mutual looks and took more time to complete the task when listening to music (either

consonant or dissonant) rather than the control sound.

Table 3. Results of the GLMM analyses conducted within grades for the cooperation

task. (Following pages)
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Fixed effects in the

Grade Dependent variable final model Means®
Condition CM: 43 s; DM: 56.71s; C: 18.14 s
Sex Boys: 21.35 s, Girls: 54.54 s
Duration of task
Siblings Yes: 36.21 s, No: 60 s
o Musical practice Yes: 36 s, No: 39.62 s
' Mutual looks Condition CM: 0.03 ; DM: 0.03 ; C: 0.008
Mutual laughs None _
Verbal interadons Musical practice Yes: 0.01; No: 0.002
Familiarity to classical music Yes: 0.002; No: 0.003
Condition CM: 16 s; DM: 17.81s; C: 17.94 s
Sex Boys: 10.83 s, Girls : 23.67 s
Duration of task Siblings Yes: 19.12s;No: 12.71 s
o Musical practice Yes: 18.63 s; No: 16.98 s
Familiarity to classical music Yes: 13.64 s; No: 18.32 s
Mutual looks Condition CM: 0.28 ; DM: 0.25; C: 0.26
Mutual laughs Condition CM: 0.05 ; DM: 0.005; C: 0.03
Verbal interactions Musical practice Yes: 0.06 No: 0.04
Condition CM:16.12 s; DM: 8.19s; C: 15.18 s
Duration of task Sex Boys: 10.62 s, Girls: 15.71 s
40 Familiarity to classical music Yes: 17.37 s; No: 12.32 s

Mutual looks

None

Mutual laughs

Musical practice

Yes: 0 ; No: 0.02

Verhal interactions

Condition

M: 0.04 ; DM: 0.02; C: 0.02

104



Tukey tests

3 DF p
13.97 2 <0.001 CM -C:0.01 DM -C < 0.001 CM-DM: 0.51
9828 1 <0.001 ~ ~ B
76.99 1 <0.001 _ _ B
61.83 1 <0.001 _ _ _
18.18 2 <0.001 CM 1 C<0.001 DM -C < 0.001 CM -DM: 0.33
14.97 1 <0.001 _ _ —
12.57 1 <0.001 _ _ —

7.09 2 0.03 CM-C:0.12 DM -C: 0.16 CM-DM: 0.13
89.25 1 <0.001 _ _ _
1464 1 <0.001 ~ ~ B

6.41 1 0.01 _ B _

4.4 1 0.04 _ _ —

6.13 2 0.04 CM -C: 0.02 DM -C: 0.23 CM - DM: 0.03
8.21 2 0.02 CM -C:0.01 DM -C: 0.34 CM - DM: < 0.001
1647 1 <0.001 ~ ~ B
34.86 2 <0.001 CM-C:0.13 DM - C: 0.09 CM-DM: 0.12
1197 1 <0.001 _ _ _

5.7 1 0.02 _ _ B

8.89 1 0.003 _ _ —

7.64 2 0.02 CM -C:0.01 DMi C:0.018 CM 1 DM :<0.01

& CM: Consonant Music; DM: Dissonant MasC: Control
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This may indicate that children may pay more attention to cooperate and to synchronize
their movements with those of the partner when listening to music rather than a control
sound. Similarly, second grade children listening to consonarisicthad more mutual looks
and more mutual laughs than those listening to the control sound or to the dissonant music.
Regarding third grade children, those listening to consonant music had more verbal
interactions than the others. As mentioned before, rfrea mechanistic point of view, the
relationship between listening to music and positive social interactions may be mediated by
endorphin production. From an evolutionary point of view, the finding that listening to
music promotes positive social interaat® supports the idea that musical abilities may have
emerged in humans as an adaptation promoting group cohesion. We will come back later to
this point, as well as to the roles of age group and consonance in the social effects of
listening to music.

Finally, we did not find any influence of listening to music on behavior during the helping
task (.e. on theprobability of waiting for the partner in difficulty, the probability of helping
the partner, or the level of helping). In contrast, Kirschner and Tetita§010) found joint
music production to promote helping in four years old children. This discrepancy might
indicate that listening to music together, contrary to producing music together, might not
promote helping behavior. However, this result hasbt interpreted with caution. Indeed,
our sample size for this task was tiad lower than for the other tasks, as only one child
per dyad was confronted to the choice of waiting, helping or ignoring the partner. Small
sample size (eight children per ag®gp and condition combination) may have limited the
statistical power of the analyses. In particular, this may explain the fact that we were not
able to detect significant pairwise differences among grades for the probability of waiting for

the partner indifficulty, despite an overall significant effect.

Variation across development

In adults, some studies have already suggested an influence of listening to music on social
interactions. For instance, North et al. (2004), in a study involving 646 akersiniversity
gym, found that playing back uplifting music rather than annoying music increased the
LI NIAOALI yiQa LINRPoloAfAGE G2 | OOSLI aAr3ayaiy3

leaflets on their behalf. Lang et.al2016) also found diening to religious music to
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discourage dishonest behavior in religious people. Finally, Greitemeyer (2009) found
listening to songs with prosocial lyrics to increase empathy and helping behavior. In contrast,
to our knowledge, our study is first to demstmate an influence of listening to music on
social interactions in children, and to give insights on how these effects vary across child
development. In particular, although we found some effects of listening to music on social
interactions during the cqmeration task in the three studied age groups, we also
demonstrated that listening to music promotes different categories of social interactions
according to age (mutual looks in first grade children, both mutual looks and mutual laughs
in second grade chiren, and only verbal interactions in third grade childrefiiis may
reflect the fact that older children rely more on verbal interactions to communicate whereas

younger children tend to preferentially use physical imitation (Nadel and Baudonniere 1980).

The role of consonance

The fact that we found similar effects of consonant and dissonant music on social
interactions during the cooperation task in first grade children is unlikely to result from a
lack of perception of consonance and dissonance betbes age of four. Indeed, some
studies found discrimination between consonance and dissonance (and preference for
consonance) even in very young infants (2 to 4 months old, Trainor et al. 1998; and even 2
days old, Masataka 2006). Rather, although firadgrchildren are probably able to perceive
a difference between consonant and dissonant music, the two types of music may differ in
their effects on social behavior in older children only. More investigation focusing on the
influence of consonant and dissant music on neural processes at different ages would be
needed to understand the underlying causal mechanisms. For instance, the preference for
consonance compared to dissonance may become stronger over development, perhaps
being reinforced by culturalomstructs.

Moreover, the fact that consonant and dissonant music differed in their effects on social
interactions during the cooperation task in second and third grade children is especially
interesting, as it suggests that consonance is a key propentyusic involved in its effects
on social behavior. This result is consistent with a fMRI study performed in adults by Koelsch
et al. (2006). They used the same musical stimuli as in the present study and found pleasant

(defined as consonant) and unpleasddefined as dissonant) music to differ in their effects
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on the activation of several cerebral structures implicated in emotion processing (amygdala,
hippocampus, parahippocampal gyrus and temporal poles). Additional investigation would
be needed to identy other properties which may also be involved. For instance, several
studies have suggested a major role of rhythm and interpersonal synchrony (Merker et al.
2009; Tarr et al. 2014). Notably, Cirelli et al. (2018) found that interpersonal synchrony
promotes helping behavior in trhonth-old babies. Future studies may bring insights on

how interpersonal synchrony influences other social behavior and how this effect varies

across child development.

Is music an evolutionary adaptation or a cultural creation?

Some studies focusing on ndliman species, in particular on birds, suggest that
musicality {.e. abilities for music perception, appreciation and production) may not be
unique to humans. For instance, many bird species sing according to precise raolespfso
them being very similar to those inducing emotions in human listening to music (Rothenberg
et al. 2014). Moreover, several studies found some forms of musicality in songbirds and
parrots. Java sparrows can discriminate between consonance and disso(\atanabe et
al. 1998), African grey parrots have musical preferences (Péron et al. 2008) and can create
new songs from new musical stimuli (Bottoni et2003), and cockatoos can spontaneously
synchronize themselves with changing rhythms (Patel e2@09). Rather than being a
purely cultural human invention, musicality may thus have emerged as a biological feature in
at least two groups during the evolutionary course of life : humans and birds. In this context,
showing that listening to music promaepositive social interactions in humans allow going
a step further in our understanding of the evolutionary pressures that may have triggered
GKS SYSNHSYyOS 2F YdzaAOFft FToAftAGASAE Ay 2dzNJ
O2KSaAz2y HRedthéidek tBaliatpaskive influence of music on social interactions

QX

may have mediated a positive relationship between musical abilities, group cohesion, and

thus survival and/or reproductive success (Roederer 1984; Merker 2000; Dunbar 2017).
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Perspedtes

This study demonstrates that listening to music influences social behaviors in preschool
children, and thus opens new perspectives. In particular, we hope to pave the way for future
studies aiming to understand the necessary conditions for music tumete social
interactions. For instance, does the listening experience have to be shared to promote social
interactions, does it promote social interactions only between the individuals who listened
together or also between them and other peers, what #ne properties of music (beyond
O2yaz2yltyO0S0 FtyYyR GKS LINPEAYIf YSOlFIyAaYa Ay Q:
answered in order to understand better the influence of music on social behaviors. This may
also pave the way for developing the use of musiincrease welfare. For instance, playing
back consonant music at school, as well as conducting musical activities, may help to
maintain a positive and collaborative climate for learning by promoting positive interactions
among children and between chikein and their teachers.

In addition, this study brings support to the hypothesis that musicality may have evolved
in humans as an evolutionary adaptation promoting group cohesion. As mentioned before,
some other species, in particular some birds, also leree musical abilities. However, the
issue of whether musicality has evolved with the same adaptive function (promoting group
cohesion) in humans and birds is still open, and this question could be addressed using a
comparative approach. Note that musicabilities are much more limited in nemuman
primates, although they are phylogenetically closer to us than birds. For instance, although
marmosets and tamarins prefer slow tempi rather than fast ones, they overall prefer silence
(McDermott et al. 2006). @ngutans also prefer silence to music according to Ritvo and
McDonald (2016). Moreover, even after a long (one year) training, monkeys synchronize
their tapping with a metronome with less accuracy and more time variability than humans
(Zarco et al. 2009Y his information is important as it indicates that musicality in humans is a
derived character i¢. emerged into the human lineage, after the divergence between
humans and our closest relatives), rather than an ancestral ienenpre ancient). Musicality
is thus not shared by humans and birds because it would have emerged in a common
ancestor. However, musicality may have evolved convergently at least two times during the
evolutionary history of life, in humans and in birds, with a similar adaptive famdti the

two groups: promoting positive social interactions and group cohesion. This hypothesis
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could be tested by investigating whether listening to music also promotes positive social

interactions in bird species with musical abilities, like in humans.
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2.1. Chez les calopsittes élégantes
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Abstract

Music may be one of the oldest forms of art and its appreciation is thought to be
universal in humans. The ability to discriminate between different kinds of music or
composers has already been evidenced in numerousmonan speciesyet a reinforcing
effect of music was found only in a few species; it is especially the case for vocal learners like
passeriformes or psittaciformesn this study, we explored musical preferences and their
relationship with personality in cockatiels, depending eeveral musical features. We
provided the birds with a touch screen allowing them to choose between either rock or calm
music, then between consonant or dissonant music. The results showed some individual
preferences for rock or calm music but an indiffiece to the consonance / dissonance
feature. Those results support the hypothesis whereby vocal learners would be sensitive to
music, but suggest that the preference for consonance may not exist in cockatiels, or could

be related to experience. Given thahly a few birds interacted with the device, correlating
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musical preferences and personality is uneasy. Yet, our findings can provide further

prospects for the study of musicality in nlman animals and welfare of captive species.

music ; welfare; bir@ ; psittaciformes; cacatuidae; parrots

Introduction

Music may be one of the oldest forms of art. To date, the earliest musical instrument ever
discovered is a bone pipe that would be 45, 000 years old (Tuniz et al. 2012). According to
Watanabe et al(2009), music is likely to have a long history, given thakists in every
human culture (Merriam and Merriam 196#)cluding people with traditional lifestylessi
appreciation is thought to be universal (Watanabe et al. 2009; McDermott and Hauéér;, 20
Sugimoto et al. 2010).

The relationship between music and emotions has been explored in several studies:
musical excerpts can be classified depending on the mood they trigger (Skowronek et al.
2006) and pleasure in response to musical experienceksdito dopamine activity in the
mesolimbic reward system (Salimpoor er al. 2011). Besides, an experiment evidenced that
extreme music increased positive emotions in extreme music fans, helping them to process
their emotions, which suggests an importancedf SQa LISNR2Yy Il f Ydzai Ol f
welfare (Sharman and Dingle 2015).

We also know that in humans, there is a correlation between musical preferences and
personality (Rentfrow and Gosling 2003): for example, adolescents like better music
reflecting thar personality features (Schwartz and Fouts 2003) and extraverts prefer

emotional music compared to introverts (Veltri 2016).

Musicality in noFhuman animals

Music is often considered as a human specificity (see for exarDpiton 2006,
5Q! 1 S@S ad Gadt2p0%). However, even Darwin (1871) suggested that there would
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beautiful the songs of birds. Yet, music is a complex notion, for which no definition
consensus &s been found to date. The concept of musicality is broader and might be thus
SFaASNI G2 SELX 2NBT YdzaArolOliAide Aa RSaAONROSR
YI1S&8 AG LIadaArAoftS F2N dza G2 LISNOSA G Ssharel LILINE C
similar perception features with nehuman animals: melody perception, for example,

would be driven by several perceptual strategies, including relative and absolute pitch, in

different speciegHulse et al.1992).

Musicality (or other aesthetic stiuli) can be studied in nehuman animals via different
levels, some of them being described by several authOtsuka et al. 2009; Watanabe and
Kuczaj 2013): (1) the cognitive or discriminative level, i. e. the ability to discriniabteen
different kinds of music or different composeand (2) the reinforcing level, i. e. the ability
to be reinforced or to feel pleasure when listening to musical stimuli, but also to show
musical preferences.

Some studies have already evidenced the discriminative rethythm or music in
numerous norhuman species: starlings (Hulse et al. 1984), jackd&wesv(s monedu)a
(Reinert 1965), zebra finches Taeniopygia guttata and budgerigars Melopsittacus
undulatug (ten Cate et al. 2016) for rhythm and pulse; elepsd&lephas maximygReinert
1957), rats Rattus norvegicys(Poli and Previde 1991 Otsuka et al. 2009), pigeons
(Columba livig(Porter and Neuringer 1984), common starlin§su¢nus vulgaris(Hulse et
al. 1995), Javaparrows(Lonchura oryzivorajWaanabe and Nemoto 1998), Japanese
macaquesNlacaca fuscata (lzumi 2000), common cargSyprinus carpijo(Chase 2001) and
goldfishes Carassius auratQgShinozuka et al. 2013) for music; yet only a few of them
revealed a reinforcing effect of music.

As t happens, non or limited vocal learners like pigeons (Watanabe et al. 2009), hens
(Gallus gallus domesticugMcAdie et al. 1993), rats (Crespojorque and Toro 2015) or
goldfishes(Shinozuka et al. 2013)o not show musical preferences. Given that treg
phylogenetically very close to us, several studies also explored musicality and more
specifically musical preferences in apes and monkeys, which are limited vocal learners (Janik
and Slater 1997). Those studies show contrasted results: alth@hghparzees prefer

African and Indian music over silence (Mingle et al. 2014)omedbaby female chimpanzee
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preferred consonance over dissonance (Sugimoto et al. 2010), marmosets, tamarins
(McDermott and Hauser 2007) and orangans Pongo abeliiRitvo and Mcbnald 2016)
prefer silence to music. On the contrary, the results with vocal learners seem more
promising: Java sparrows prefer music to silence and stay longer in perches triggering
classical music (Bach and Vivaldi) instead of modern music (Schoenberg aater)
(Watanabe & Nemoto 1998), and a study with grey parrétsitfacus erithacysshowed

that, when provided with a touch screen broadcasting either rhythmic or calm music, the
birds displayed individual preferences (Péron et al. 2013). Yet, to ohatsical preferences
have only been studied in a very limited number of vocal learner species, thereby adding a

new animal model to the data could be interesting.

The vocal learning hypothesis

For Schusterman (2008), vocal learning is an ability cogsBti 2 F Y2 RATE&Ay 3 2
production regarding external auditory information. According to Watanabe et al. (2009),
musical stimuli would mainly be reinforcing in species able to learn complex auditory signals.
Thereby, only species capable of vocal legsgnlike songbirds and psittaciformes, would
show musical preferences; non or limited vocal learners would only be able to discriminate
musical stimuli.

Indeed, psittaciformes seem to be quite good candidates for the study of musicality: a
grey parrot wasable of complex musical production (Bottoni et al. 20@8)¢dgerigars can
synchronize themselves with a metronome (Hasegawa et al. 2011), and at least six
psittaciformes species spontaneously entrain to a rhythm (Schachner et al. 2009) over a
large rangeof tempi (Patel et al. 2009), one of them, a sulphur crested cocké@azatua
galerita) even displays 14 different movements in that purpose (Keehn et al. 2019). Besides,
palm cockatoogProbosciger aterrimugyeate tools with which they drum on hollowunks
(Wood 1984) with individual styles, sharing key components of human music (Heinsohn et al.

2017).
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The current study

This study is based on a previous research conducted in the Laboratoire Ethologie
Cognition Development (University Paris NangerFrance) with two African grey parrots
(Psittacus erithacus)which purpose was to explore musical preferences in parfeésan et
al. 2013). Aouch screen connected to a computer was provided to the birds in the aviary. A
red square broadcasting rhythic music and a dark blue circle broadcasting calm music were
located on the screen; when touching it, the birds could trigger the music. The experiment
suggested that the parrots used the screen even when alone (thus without any food reward)
and showed sible individual preferences. Such a device can also improve our knowledge of
animal welfare: welfare depends on individuals (McPhee and Carlstead 2010) and can be
explored thanks to choice tests, which are known for revealing what the animal wants
(McPheeand Carlstead 2010).

Here, we used the same device with cockati®lgniphicus hollandicyisto explore the
OANRAQ YdzaAAOFIf LINBFSNByOSa RSLISYRAy3a 2y aS¢
consonance / dissonance feature. Cockatiels are cacatuidagydike cockatoos. They also
belong to the psittaciforme order, in which birds are capable of vocal learning and are
known for their complex cognitive skills. Besides, their auditory sensitivity runs from 2000 to
5000 Hz (Okanoya and Dooling 1987), whiclablp overlaps the human auditory sensitivity
(between 2000 and 4000 Hz) (Heffner and Heffner 2006).

We thus made the following hypotheses:

(1) Because they are vocal learners, the birds would show individual musical preferences,
like Java sparrowd\(atanadbe and Nemoto 1998) and grey parrots (Péron et al. 2013).

()¢ KSNE g2dzZ R 0S || NBflFIGA2YAaKALl 6SG6SSy GKS
described before, in humans, there is a relationship between music and personality
(Rentfrow and Gosling B3; Schwartz and Fouts 2003 ; Veltri 2016).

(3) The birds would show a general preference for consonance over dissonance.
Consonant intervals are usually described as smooth or pleasant, whereas dissonant
intervals sound rough or unpleasant (Trainor andindeller 1998). In humans, the
consonance / dissonance preference appears very early (Trainor and Heinmiller 1998) and

even non vocal learners like chicks (Chiandetti and Vallortigara 2011) and an infant
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chimpanzee (Sugimoto el. 2010) displayed preferems for consonance over dissonance.
Besides, in a previous study, we observed that cockatiels behaved differently when listening
to consonant music compared to dissonant music, suggesting that they can discriminate

both (Le Covec et al. submitted).

Materials and methods

Subjects and housing conditions

This experiment was held in the Laboratoire Ethologie Cognition Développement (LECD)
in Nanterre University (France), with twelve cockatiels (see Table 1 for details). The birds
were housed in an indoor &ry with no window. The temperature was 23°C and the light
was on from 9 am to 11 pm. Threstainless steel work benchgd55*55*84 cm) were
located on the right wall and there were two big perches in the middle of the room. Toys,
cardboards and two triagle suspended perches were also available. Birds were feed ad
libitum with, regarding the period, either seed Deli Nature or granulés ZuPreem®
FruitBlende T 2 NJ f I NiBu®uslfdlitddnd v@dgeTiables, aniseed sand and water.

Table 1. Name, sex aratje of the birds when each test began

Bird Sex Test1 Test 2
Hermeés Male 4 years 10 months 5 years 11 months
Callisto Female 4 years 8 months 5 years 9 months
Viviane Female 4 years 8 months 5 years 9 months
Nephtys Female 4 years 9 months 5 years 10 ranths

Seth Male 4 years 9 months 5 years 10 months

Skadi Female 3 years 9 months 4 years 10 months

Odin Male 3 years 9 months 4 years 10 months

Loki Male 3 years 9 months 4 years 10 months

Isis Female 1 year 4 months 2 years 5 months

Eole Male 1 year3 months 2 years 4 months
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Gaia Female 1 year 3 months 2 years 4 months

Morgane Female 1 year 3 months 2 years 4 months

Test 1

A fake screen (25,5*18,5 cm) was provided to the birds (a touch screen was supposed to
be used, but being nefunctional wereplaced it by a sheet of paper protected by a plastic).
It was equipped with a small platform, on which the birds could perch. We drew on this
paper screen a red square (10,5 cm*10,5 cm) and a dark blue circle (radius circle 5,6 cm),
both having the samarea (110 cm?2) (see Figure 1.). Two music piano plays were manually
triggered by an experimenter when the birds pecked a shape, both broadcasted by a speaker
(Bluetooth, Ryght Exago®) hidden behind the paper screen. The paper screen was only

visible when lhe experimenter was in the aviary, otherwise we put a cardboard in front of it.

Figure 1. Experimental device

First of all, the birds were familiarized with the screen for two weeks. Millet was
permanently placed on the platform and on the screen sdoasncourage them to interact
with the device.

Then we conducted 95 one hour sessions (2 to 4 sessions per day within six weeks). The
birds were free to perch on the platform. Food was removed thirty minutes before each
session, to motivate them for aliméary rewards: each time a bird touched a shape on the
paper screen, the experimenter played the corresponding music and then rewarded the
subject with a seed (either sunflower or millet, depending on what they were most
motivated to). When there was noteraction with the screen for the first 15 minutes, the
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experimenter left the aviary and came back half an hour later to try again. The two music
plays broadcasted wergock around the clodly Bill Haylay and his comets (rock music) and

[ S NRA Eikedit tmovie)byi \Bdjcdzh Kilar (calm music). The training lasted from
session 1 to session 28. From session 1 to session 19, the bird was rewarded as soon as he /
she pecked the shape. From session 20 to session 24, we waited for 5 seconds from the
moment the shape was pecked before rewarding the cockatiels, so as to be sure that they
listened to the music. From session t®5session 28, this delay was increased to 10 seconds.
From session 28 to session 45, the birds were taught to wait for the enceahtlsic (i. e. 15
seconds) before pecking another time, and were only rewarded by then (condition 1). If one
bird wanted to peck while another bird had already started the music, he / she had to wait
until the music stopped before pecking, otherwise hehkswvas not rewarded. The pass
criterion for each individual was 300 pecking occurrences on the screen and at least 50
pecking occurrences on one given shape for training and condition 1: by then we considered
that they had understood the device and we mave condition 2. From session 46 to
session 70, the location of shapes was exchanged to check for a position bias (condition 2).
From session 70 to the end, each shape associated with a play was exchanged to check that
the birds did not prefer the shapastead of the music associated to it (condition 3, see

Figure 2 and Table 2 for details).

1 20 24 28 46 71 95

Change of shapes Change of music plays
o R

Figure 2. Changes along the sessions during the test 1
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Test 2

The second experiment was conducted eleven months after the first one. This time, the
birds wee trained with a real touch screen (Elo 1590L-iridh LCD). Two shapes were
displayed on the screen, one orange heart and one green cross, both having the same area
(110 cm?) and broadcasting either consonant or dissonant music for 15 seconds each. Those
stimuli were two different versions of the same Renaissance pEwtrée courante
(anonymous): to create the dissonant stimuli, the original tune was electronically
manipulated (using CoolEdit Pro software, by Koelsch et al. 2006¢, recorded
simultaneaisly with two pitchshifted versions, which were one tone above and a tritone
below the original pitch. The birds were supposed to trigger the music by pecking the shapes
with their beak, but they could not activate the music by themselves (probably bedhas
surface of the beak in contact with the screen was not big enough); therefore the
experimenter touched the shape after the birds.

We conducted 80 one hour sessions (2 to 4 sessions per day within six weeks). From
session 1 to session 45, the birdere trained to use the touch screen as described
previously in test 1 (i. e. increasing stepwise the duration before reward from 5 seconds to
15 seconds after the triggering of the music). From session 46 to session 58, the cockatiels
were tested under thesame modalities as training (condition 1). The pass criterion was 200
pecking occurrences on the screen and 50 pecking occurrences on one given shape for
training and condition 1. From session 58 to session 70, the location of shapes changed
(condition 2)and from the session 7tb the end, the shapes associated with each music play

were exchanged, (condition 3) (see Table 2 for details).
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Table 2. Types of music, locations and shapes depending on the condition for each test

Condition Shape Location Style
Test 1
1 Red square Left Rock
Dark blue circle Right Calm
2 Red square Right Rock
Dark blue circle Left Calm
3 Red square Right Calm
Dark blue circle Left Rock
Test 2
1 Orange heart Left Consonant
Green cross Right Dissonant
2 Orange heart Right Consonant
Green cross Left Dissonant
3 Orange heart Right Dissonant
Green cross Left Consonant

The following details were recorded for each pecking occurrence:
- identify of the bird touching the screen

- touched shape (with the location and the music associated to it)

Personality test

In order to describe the personality of the birds, we used a personality test for parrots
taken from Cussen and Mench (2014), previously adapted from a test developed by Gosling
(1998) for spotted hyaenasCfocuta crocutp The revised test consisted of 43 traits that
were scored for each bird from O (complete absence of the trait) to 7 (extreme amount of
the trait). Two Raters evaluated twice within two months (score 1 and s2pead for each
bird the 43 items. One of the Raters (Rater 1) had known the birds for the last 4 years and

the other (Rater 2) had just arrived in the laboratory.
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Statistical analysis

All the statistical analyses were conducted with R (version 3.6 0agr& Team 2019). For
each test, we focused on the number of time each individual chose one given shape. First of
all, for each individual, the sessions in which less than 3 pecking occurred were deleted.
Then, for each condition and bird, we evaluated wie, along the sessions, the proportion
of choice for a given shape remained stable (i. e. whether there was an effect of sessions or
not). In that purpose, per individual and per session, we divided the number of choices for
one given shape by the totaumber of choices (i. e. total number of pecking occurrences).
The statistical unit was the number of sessions per individual, and was inferior to 20 for each
condition. Then we implemented those proportions of choices in a linear model (LM,
fonction : « n », package (stats), R Core Team 2019), for which-trs#uyg was calculated
thanks to a permutation test (Monte Carlo method with 1000 permutations), using the
function « PermTest » from the package (pgirmess) (Giraudoux 2018). Then, binomial tests
were conducted on the total number of choices made per session and per individual
(fonction: « binom.test », package (stats); R Core Team 2019). Thus, we could evaluate
whether, per session, each individual chose significantly more one shape than the other. In
the test 2, because the bird Nephtys had chosen the heart shape more often during the last
four sessions of the condition 1, we conducted a binomial test on all her choices for the 4
last sessions. The session 8 of the condition 1 (test 2) being the awhen when she
chose mostly hearts, a binomial test on the 3 last sessions (thus excluding the session 8) was
also conducted, so as to check whether she had changed her preference over time.

For the personality test, we calculated first for each item a€te bird the similarity intra
and inter Raters, so as to check the fidelity over time and Raters. Second, based on an
average of the scores which were given to the birds (i. e. for item per bird: score 1 Rater 1;
score 2 Rater 1; score 1 Rater 2; scoreafiR2), we conducted a Principal Component
Analysis (PCA). We calculated the PCA with the funci®CA», from the package
(FactoMineR) (Le et al. 2008). We visualised the instrinsic values thanks to the function
« barplot» from the package grahics» (R Core team 2019). Then we drew two normed
PCA with the function plot » from the package graphics», one for the variables with the

correlation circle and the other for the individuals and the items. We only interpreted the
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items and individuals whiic contributions were higher than the average, either for

dimension 1 or 2.

Results

Test 1

Seven cockatiels interacted with the device. Among those seven, four (Gaia, Nephtys, Eole
and Seth) came regularly and reached the pass criterion (see our sécioh 0 SNA | £ & |
YSGK2Ra¢ 0 ®

Effect of sessions

We found an effect of sessions for Gaia and Nephtys in condition 1, Seth and Nephtys in

condition 2 and Gaia, Nephtys and Eole in condition 3 (see Table 5 for details).

Preferences

Gaia pecked significantlyare the red square broadcasting rock in condition 1 and 2. She
also pecked significantly more the dark blue circle broadcasting rock in condition 3. These
results suggest that Gaia had a preference for rock over calm music (see Figure 3 and Table 5

for details).
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Like Gaia, Nephtys pecked significantly more the red square broadcasting rock in

condition 1 and 2. She also pecked significantly more the dark blue circle broadcasting rock

in condition 3. Thesresults suggest that Nephtys had a preference for rock over calm music

(see Figure 4 and Table 5 for details).
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Eole pecked significantly more the dark blue circle broadcasting calm music ini@oridit
and 2. He also pecked significantly more the red square broadcasting calm music in condition
3. These results suggest that Eole had a preference for calm music over rock (see Figure 5
and Table 5 for details).
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Seth pecked significantly more the dark blue circle in condition 1, 2 and 3. These results
suggest that Seth had a preference for the dark blue circle (see Figure 6 and Table 5 for

details).
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Three other birds interacted with the screen (Odin, Isis and Hermés), yet they did not
reach the pass criterion, thus we cannot conclude that they understood the device. Hermes
only interacted a few times with the device, as a consequence, no statistnalyses were
conducted on his data.
Odin pecked more the dark blue circle in condition 1 and the red square in condition 2
and 3, and Isis pecked more the red square in condition 1 and the blue circle in condition 2

and 3 (see Table 3 and 4).
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Table 3. Pecking occurrences for Odin and Isis during test 1

Condition Bird Red square Blue circle
1 Odin 49 165
1 Isis 71 21
2 Odin 50 29
2 Isis 27 93
3 Odin 15 5
2 Isis 3 4

Table 4. Binomial tests and LM with permutation tests depending on cormfis and

individuals (the significant pvalues are in green) for Isis and Odin during test 1

Test 1 Binomial tests LM with permutation test
Condition Bird Success p-value Sl op SE r2 p-value
Condition 1 | Odin 0,228972 <0,001 0,03719 0,03088 0,1535| 0,281
Condition 1 |lIsis 0,7717391 <0,001 -0,04059| 0,04509 0,1684 | 0,355
Condition 2 | Odin 0,6329114 0,01191 0,11228| 0,04541) 0,5501| 0,046
Condition 2 |Isis 0,225 <0,001 0,01126 | 0,01415| 0,05009| 0.469
Condition 3 | Odin 0,75 0,02069 -0,16667| 0,06706| 0,6069| 0,06
Condition 3 | Isis 0,06122449 <0,001 -0,02857| 0,02073| 0,1472| 0,186

Table 5.Binomial tests and LM with permutation tests depending on conditions and

individuals (the ggnificant p-values are in greenfpor Seth, Gaia, Nephtys and Eole

Test 1 Binomial tests LM with permutation test
Condition Bird Succes p-value t Sy SE r2 p-value
Condition 1 Seth 0,212 <0,001 -0,012 0,008 0,121 0,165
Condition 1 Gaia 0,728 <0,001 0,015 0,005 0,246 0,011
Condition 1  Nephtys 0,811 <0,001 0,010 0,004 0,333 0,032
Condition 1 Eole 0,296 <0,001 -0,012 0,009 0,102 0,199
Conditon 2 Seth 0,222 <0,001 -0,031 0,006 0,613 < 0,001
Condition 2 Gaila 0,699 <0,001 0,009 0,005 0,144 0,066
Condition 2  Nephtys 0,766 <0,001 0,023 0,006 0,456 0,003
Condition 2 Eole 0,137 <0,001 0,002 0,003 0,025 0,46
Condition 3 Seth 0,245 <0,001 -0,009 0,008 0,073 0,241
Condition 3 Gaia 0,262 <0,001 -0,016 0,007 0,202 0,028
Condition 3  Nephtys 0,402 <0,001 -0,031 0,007 0,461 < 0,001
Condition 3 Eole 0,675 <0,001 0,013 0,004 0,295 0,001
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Test 2 Binomial tests LM with permutation test

Condition Bird Swcess  p-value {f 2L SE r2 p-value

Condition 1 Nephtys 0,242 <0,001 -0,053 0,014 0,616 0,002
Condition 1 Isis 0,832 <0,001 0,075 0,031 0,427 0,047

Condition 2 Nephtys 0,008 <0,001 0,006 0,004 0,268 0,212
Condition 2 Isis 0,128 <0,001 0,008 0,014 0,047 0,583

Condition 3 Nephtys 0,039 <0,001 -0,009 0,013 0,071 0,577

3,069»
Condition 3 Isis 0,163 <0,001 0,001 0,031 10%® 0,987

Test 2

Two cockatiels (Nephtys and Isis) interacted regularly with the device and reached the

pass criterion (see ourse2ty’ aal G SNAFfa YR YSGK2Rasé0®

Effect of sessions

We found an effect of sessions for Nephtys and Isis in condition 1 (see Table 5 for details).

Preferences
Nephtys pecked significantly more the green cross in condition 1, 2 and 3. Those results
suggest tha Nephtys had a preference for the green cross (see Figure 7 and Table 5 for

details).
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Isis pecked significantly more the orange heart in condition 1 and the green cross in

condition 2 and 3. Ths® results suggest that Isis had a preference for the left side (see

Figure 8 and Table 5 for details).
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Personality test

The similarity percentages intra and inter Raters were th@Wolg ones: Rater 1, scores
1 and 2 = 88%; Rater 2, scores 1 and 2 = 82%; score 1, Raters 1 and 2 = 78% and score 2,
Raters 1 and 2 = 78%. Although to date, there is no official fidelity threshold, fidelity is
considered correct above 0,70 and adequate \&0,80 (Bernaud 2014, quoted by Charlier
2018).

PCA results

71,6% of the variance of the PCA was explained by the first two axes. Due to their low
O2y GNROdziA2y (G2 GKS RAYSyaiazy m 2N W GKS
G¢SNNRGHNRIEARE YR YR (GKS O6ANRA LaAiaz [21AZ
interpreted (see Table 6 and 7).
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Table 6. Iltems contribution to the dimension 1 and 2 (in red: contribution too low to be

interpreted)
ltem Dim.1 Dim.2

Active 4,2571 0,3578
Sodable 2,3897 2,5116
Aggressive 3,2076 1,5303
Daring 4,3238 0,3338
Bullying 3,2375 0,4672
Calm 1,6816 3,6217
Cautious 3,5259 0,8294
Confident 4,0756 0,8149
Curious 4,433 0,0025
Depressed 3,813 1,4302
Direct 3,56124 0,1886
Eccentric 0,5239 5,0911
ExciTable 2,6798 2,1066
Fearful 2,4305 0,2364
Feisty 0,4439 6,8596
Flexible 0,5537 5,8129
Gentle 0,5924 6,8323
Independent 1,4352 3,5032
Inept 2,0834 2,962

Intelligent 4,3799 0,1326
Insecure 1,3007 1,5935
IrriTable 0,778 6,5268
Jealous 3,1307 0,0815
Lazy 4,1334 0,0634
Nervous 0,0836 6,1735
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Nurturant 0,5558 5,1307
Opportunistic 4,1792 0,3723
Persistent 3,597 0,4318
Playful 3,646 0,5282
Protective 1,1421 1,1039
Selfish 0,184 3,6688
Slow 2,9957 0,3068
Solitary 1,4079 4,0208
Submissive 1,972 0,0005
Tame 4,3662 0,1679
Tense 1,6981 4,4806
Territorial 1,9801 1,0601
Timid 3,618 0,8639
Tolerant 0,0027 7,774

Understanding 0,1578 4,0209
Unemotional 3,276 0,8703
Vigilant 1,4294 0,1344
Warm 0,7853 5,0005
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¢ ofS 71 PributibriNdtiie@iméngion d and 2 (in red: contribution too low to be

interpreted)

Bird Dim.1 Dim.2
Bahloo 0,0009 59,506
Seth 12,564 0,0726
Nephtys 6,8469 2,6198
Isis 0,1244 0,2743
Callisto 22,086 5,0473
Loki 0,5939 3,6531
Morgane 3,0414 0,8754
Gaia 0,7599 15,734
Eole 28,7207 5,4984
Viviane 6,6112 1,0531
Odin 0,9858 0,8997
Skadi 17,2144 0,3479
Hermes 0,4504 4,4183

According to the PCA, among the birds who displayed musical preferences, Gaia, who
preferred rock over calm music, is mostly @A 6 SR 06& GKS A0SYa acCf
G¢2f SNIFyGé YR dabdzNIdzNF yiGé YR bSLIKGEas gK2
RSAONAOGSR o0& (GKS AdSya ac¢lYSeé>s a5FNAy3IE A5A
' yR aLy S ftwhd mefeysdakndnusic dverSrack, is mostly described by the items
G! 3INBEaAaAABSES at SNAAAGSYGéS a.dA te@AayTeE YR a

Among the birds who interacted with the device without showing musical preferences,

Seth is the only one who can be interpreted, and he is mostkcrileed by the items
«Jealous», « dzNA 2dzanz G¢l YSE€ZT a5FNAYy3ITES &hLILI2 NI dzy A
Figure 9 and 10).
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Discussion

Musical preferences

Three cockatiels displayed indivalumusical preferences: Gaia and Nephtys, two females,
preferred rock over calm music and Eole, a male, preferred calm music over rock. These
results support the hypothesis according to which vocal learners would be sensitive to
musicality: musical preferees have already been shown in Java sparrdatgnabe and
Nemoto 1998) and grey parrots (Péron et al. 2013). In grey parrots, those preferences were
also different according to the individuals, thereby those positive results confirm that
psittaciformes & good candidates for the study of musicality in Fmrman animals.

In most of cases, the effect of sessions happened during the beginning of one given
condition, and can be explained by the time the birds needed to understand a new
configuration of shapg and/or music plays. It is especially true for the condition 3 of the test
1: Gaia, Nephtys and Eole probably needed some trials to get that the music they preferred
was not broadcasted by the same shape as before, and to adjust their behaviour. Two other
effects of sessions (for Nephtys during the condition 1 of the test 1 and for Isis during the
condition 1 of the test 2) could be related to preferences still being determined: both
happened during condition 1, suggesting that the birds might not havabéished their
choice by that time. Yet this seems unlikely for Isis, since she had already shown a
preference for the left side during the test 1 and may have just repeated it during test 2.
Another explanation would be that they had not understood yeichshape was associated
with which type of music. Two other cases (for Gaia during condition 1 of the test 1 and for
Nephtys during condition 1 of the test 2) are related to a very few atypical sessions
displaying extreme values, for which we have no axation.

Among the other birds who interacted with the device but did not show musical
preferences, Odipecked more on the right side and Isis pecked more on the left side; this
may be due to a side preference and/or to a lack of understanding of the&leas they did

not reach our pass criterion.
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Indifference to the consonanéelissonance feature

Surprisingly, for the two subjects who interacted with the device during test 2, our results
did not show any preference for consonance over dissonalmtkeed, Isis seems to prefer
the left side over the right side, more than the music associated to it. As for Nephtys, in spite
of preferring rock over calm music in the test 1, in the test 2 she seems to prefer the green
cross across the three conditioremd thus to be indifferent to the consonance / dissonance
feature.

Those findings are inconsistent with a universal preference for consonance over
dissonance. As it happens, notwithstanding studies supporting a biological preference for
consonance in mamkd (Trainor and Heinmiller 1998) and some primates (Sugimoto et al.
2010), contrasted results have been noticed since. For example 6 ratohihfants exposed
either to consonant or dissonant music listen more to the type of music they have been
exposed o, whether it is consonant or dissonant (Plantinga and Trehub 2014) and members
2F GKS ¢aAYlFLySQ 'YIT2yAly GNAO6SSE Ay &aLRAGS 2
dissonance, do not prefer one type of music over the other (McDermott et al. 2016). This
suggests that the preference for consonant music over dissonant music would also be
related to the exposure to such music, and thereby that experience would play a crucial part
in this taste. In a previous study, our cockatiels showed different behawiben exposed to
consonantversusdissonant music (Le Covec et al., submitted). In the current study, the
musical stimuli we used were the same as in the previous one, therefore the birds were

exposed to both types of music before this experiment and malydidtuated to them.

Individual preferences and personality

In humans, personality can be related to musical tastes and give us information about the
reasons why people develop preferences for music (Veltri 2016). Here, because only seven
birds interaced with the device, and among them only three showed preferences, it is very
difficult to draw any conclusion about the relationship between personality, musical
preferences and interactions with the apparatus. Gaia and Nephtys, who preferred rock over
caim music, do not seem to share any personality item. Eole, who prefers calm music over

NEO1l=Z A& NI {GKSNJ

SAaONAOSR o0é G(GKS AGSya a! 33
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studies conducted on humans, on the contrary, similar features such disseeking were
related to preferences for rock (Delsing et al. 2008) and to a greater sensibility for the
structure of music (i. e. tempo and rhythm) (Veltri 2016). Yet on a similar study in grey
parrots, the more aggressive and energetic bird preferralincmusic too (whether it was

the other way round for the other bird; Péron et al. 2013). It is also interesting to note that
{SGUK FTYR bSLKGE&a aKFINBE aSOSNIt LISNER2YIfAGE
YR aLyGStfAISydé andBSeth ake §iblifgs, WikdShpth Baretres ladd (i & &
are mates, several elements that could explain why they have some personality features in
common. Yet, since we only have very few data, we must be very cautious about those
results: the reasons why, amordj the birds that showed interest in the experiment, some
displayed preferences and others not and why these preferences vary among individuals
remain unclear. Regarding Isis, Odin and Seth, it seems very unlikely that this would be due
to an incapabilityto understand the apparatus, since previous experiments showed that they
can learn tasks when rewarded. The fact that they did not show musical preferences could
be related to a lack of motivation and / or an important position bias. It is also poshéle t

our stimuli were not relevant for all of the birds, and that some of them disliked what we
provided. This study is the very first to explore the relationship between musical preferences
and personality in notnuman animals; other researches would needbe conducted to

examine the topic further.

Limitations and prospects for further research

Unfortunately, this study was limited by the device, which did not work as expected. The
touch screen had been selected because the grey parrots could sudbess$e it.
Nevertheless, with the cockatiels, either the screen would not activate at all, either the
sound would not trigger. This could be due to the smaller size of their beak, which did not
press enough surface. Thereby we could not test whether thewyld have used the
apparatus in the absence of the experimenter, which makes it impossible to conclude
whether they pecked preferentially to get the music or the food reward. Thus, it would be
interesting to provide a device adapted to their specificitidke in Gupfinger &
Kaltenbrunner experiment (2017), in which grey parrots can interact with an apparatus

consisting of rope perches with captors, triggering music when the birds perch on it.
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Reproducing our two tests after a delay (of some months onepgars) could also give us
AYTF2NXYIEGA2Y | o2dzi GKS adloAfAade 2F GKS 0ANRS
knowledge, but this would also be important for animal welfare, given that if musical tastes
change over time, it would be necessdoy adjust sound enrichment depending on their

current preferences.

Vocal learning: a continuum?

Cockatiels seem sensitive to music. Coupled to other data we obtained, such as the
positive influence of music on their interactive behaviour (Le Covec stiamitted) and an
interest in producing sounds and drumming (Le Covec et al. 2019), those results support
Watanabe et al. hypothesis (2009), which suggests that musical stimuli are mostly
reinforcing in species that are capable of vocal learning.

Yet, oer the past few years, less categorical assumptions have been made, arguing for a
gradual continuum instead of an absolute jump. First of all, vocal learning might not be a
dichotomous feature, but a continuum ranging from reocal learners and limited al
learners to complex vocal learners (Arriaga and Jarvis 2013). Besides, sevevalcalon
learners display a certain sensitivity to music, more specifically a positive effect of music has
been evidenced in zeboused western lowland gorilla8Vestern levland gorillag (Wells et
al. 2006) and captive dog€dnis lupus familiafis(Kogan et al. 2012; Wells et al., 2002;
Boone and Quelch 2003). Otheon-vocal learners show musical preferences, as is the case
of degus, which have highlgeveloped communicén and prefer Chilean folk music to
Western music and silence (Watanabe et al. 2018) or mice, which can develop musical
preferences if they are exposed to music during a critical period (between day 15 and day 25
after birth) (Yang et al. 2012). Therefor®cal learning is probably not the only factor linked

to musicality in animals.

Conclusion

Our results show that some cockatiels display individual musical preferences, supporting

the idea that, as vocal learners, they are sensitive to music.
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This datacould also help to improve animal welfare and pave the way for new researches:
a motivational theory concerning captive animal welfare suggests that in captive
environments, the lack of quantity and diversity of stimuli often results in sensory
deprivatian, which would induce poor welfare; enriching the senses via, inter alia, auditory
environmental complexity would reduce negative behaviour (McPhee and Carlstead 2010).
This is why it is important to study independently, as we did, several features ofatitysi
in order to adapt at best the musical broadcast or choices provided for enrichment to
captive animals. The study of a possible relationship between personality and musical
preferences would also help to adapt the type of musical enrichments tintieiduals.

Moreover, personal observations showed us that, when we drum against a metal perch,
the cockatiels raise their crest and calm down; therefore studying more precisely rhythm
preferences and influences in those birds could provide further mégion about their

musical sensitivity.
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Abstract

Music may be one of the oldest forms of art and its appreciation is thought to bersalve

More specifically, vocal learners like passeriformes or psittaciformes display several musical
abilities, and seem to be quite good candidates for the study of music ihooran

animals. In this experiment, we explored the discriminating and redirigrlevels of music (.

e. respectively the ability to discriminate several musical stimuli and to feel pleasure when
exposed to music) in seven jungle crows. The birds were tested individually with four types
of music, a white noise, or without playbaeke recorded their spontaneous behaviour and

the time spent next to the speaker depending on the type of stimuli. The results showed
very few effects of music on behaviour and no effect of music on the time spent next to the
speaker; yet, due to our smaample and difficult experimental conditions, we cannot
conclude about the discriminating and reinforcing properties of music in those birds.
Nevertheless, the crows stayed away from the speaker when hearing the white noise, which

suggests that they diskkl it. Further studies should be conducted in that field.

Keywords:bird; corvid; jungle crow; music discrimination; music reinforcement; musical
preferences
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Introduction

The earliest musical instrument ever discovered is a bone pipe and would have
been created 45, 000 years ago (Tuniz et al., 2012). Thereby, music is likely to be one of the
oldest forms of arts and would have a long historgxists in every human culture (Merriam
and Merriam, 1964)including people with traditional lifestyles (Waatabe et al., 2009). 4t
appreciation is thought to be universal (Watanabe et al., 2009; McDermott and Hauser,
2005; Sugimoto et al., 2010).

Music in norFhuman animals

Although music is often considered as a human specificity (see for example

5Q! I STBSBEGAE, 2005; Dutton, 2005 even Darwin (1871) suggested that the song of

0OANRA& &d2dzyRa 0SSk dziAFdzA G2 dz& 060SOl dzaS ¢S &kt

Nevertheless, there is no consensus about the definition of music, it is therefore
complcated to study in nothuman animals. Yet we know that we share with other
mammals some perceptive mechanisms that have a very long evolutionary history and
would stand at the basis of music (Fitch 2006): when perceiving a melody for example,
humans and nofmuman animals would partly rely on the pitch (Hulse et al.,1992).
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of musi¢ and might thus be easier to explore. Otsuka et al. (2@8p)ain that musicality can
be studied via two levels: (1) the discriminating level, i. e. the ability to discriminate music,

and (2) the reinforcing level, i. e. the ability to perceive musig pleasant stimulus.

Musicality in noFhuman primates

Musicality has already been explored in apes and monkeys, phylogenetically very close to
humans, with contrasted results. Macaquédacaca mulattd (Zarcoet al.,, 2009) and one
chimpanzee (Hattori teal., 2013) can synchronize themselves with an external sound;

tamarins and marmosets prefer music with slow tempi over fast omésDermott and
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Hauser 2007), whereashimpanzeegrefer African or Indian music over silence (Mingle et

al., 2014); an infanchimpanzee displayed a preference too, for consonance over dissonance
(Sugimoto, 2010). Drumming was also observed in several wild male chimpanzees
(Babiszewska et al., 2014) as well as in a captive one, Barney, whose performance shared
several featuref human musical drumming (Dufour et al., 2015). Yet, a complementary
alddzRe G2 . IFNyseQa OFraS RAR y20 FTAYR lyeg 02
(Dufour et al., 2017), and it is worth noting that chimpanzee and monkeys need a very long
training (wtil one year) before synchronizing to a pulse (Zarco et al., 2009; Hattori et al.,

2013) and do it with more time variability and less accuracy than humans (Zarco, 2009); as

for marmosets, tamarins (McDermott and Hauser, 2007) and otdaags Pongo abei)

(Ritvo and McDonald, 2016), they prefer silence over music.

The vocal learning hypothesis

+20Ff tSIENYyAy3a Aa GKS loAfAGe (42 Y2RATeE 2
auditory information (Schusterman, 2008). According to Watanabe et al9§20ts feature
would have an influence on musical sensitivity, i.e. a species that does not learn complex
auditory simulation during its ontogenesis would be able to discriminate different kinds of
music, but would not display any reinforcing effect aisit.

Apes and monkeys are limited vocal learners (Janik and Slater, 1997). In contrast, vocal
learning is likely to have evolved convergently in at least three groups of birds:
passeriformes (songbirds), psittaciformes (parrots) and hummingbifeisch, 2006).
Passeriformes, psittaciformes and hummingbirds would be, thereby, quite good candidates

for the study of musicality.

¢KS a2y3 2F O0ANR&a A& 2FGSy O2y&aARSNBR | a
musicologists both qualify some avian vbca 1 | A2y a 2F qaz2y3¢ 6CAGO
singing, many passeriformes would share precise rules, especially those triggering emotions,
with human music (Rothenberg et aR014); other passeriformes display some musical
aptitudes, such as common biriches, Pyrrhula pyrrhula who can learn melodies taught

by humans and whistle musical plays, but also synchronously anticipate the end of those
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(Dooling et al., 20D).

As for psittaciformes, they also show numerous musical abilitlesdgerigars
(Melopsittacus undulatys synchronize themselves with a metronome (Hasegawa et al.
2011),six psittaciforme species (Schachner et al., 2009) can spontaneously keep the beat
while they dance (Fitch, 2009) through a large range of tempi (Patel et al, 2009), palm
cockatoos Rrobosciger aterrimyscreate tools with which they drum on hollow trunks
(Wood, 1984) and produce regular beats, sharing key features of human instrummsundad
(Heinsohn et al., 2017) and Theo, a grey parRsitacus erithacysshowed that she was
able to sing in response to a musical stimulus and to generalize the rules of the music she

heard to other notegBottoni et al., 2003).

More specifically, th two levels of musicality studied by Otsuka et al. (2009) have already
been evidenced in several passeriforme and psittaciforme spedadings (Hulse et al.,
1984), jackdawsQorvus monedu)aReinert, 1965)zebra finchesTaeniopygia guttataand
budgerigars Melopsittacus undulatys(ten Cate et al., 2016) can discriminate rhythms and
pulses, andcommon starlings Sturnus vulgarjs(Hulse et al 1995) and Javaparrows
(Lonchura oryzivojaWatanabe and Nemoto, 1998) can discriminate music; wereltoed
that cockatiels lymphicus hollandicyisould discriminate consonance from dissonance (Le
Covec et al., submitted). Music reinforcement has been showava 3parrows, whatay
longer in perches triggering classical music (Bach and Vivaldipdnstie modern music
(Schonberg and Carte(Watanabe and Nemoto, 1998), and a study with grey parrots
evidenced that the birds had individual musical preferences and pecked a touch screen so as
to broadcast the music they wanted to hear (either rhythmiccaim music) (Péron et al.,
2013). Music has also been shown to alter behaviour in starlings (Robbins and Margulis,
2016) and we evidenced a positive effect of music on social interactions and individual

musical preferences in cockatiels (Le Covec etudimsted).

Thereby, musicality and vocal learning could be analogous traits, i. e. similar features that
are not present in a common ancestor but evolved independently in two lineégé&sh,
2006).
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The current study

The aim of this experiment is tstudy the discriminative and the reinforcing levels of
music in jungle crows by broadcasting them several types of music.

Jungle crows are corvids from SotiEkt Asia and belong to the passeriforme order. They
are gregarious, inhabit urban zones and faedjarbagegMatsubara, 2003). Jungle crows
are capable of vocal learning. Whereas a few studies have already been conducted on
musical abilities in parrots, to date, it has never been the case for corditisugh both
LIAA GG OA T 2 NI S A Qe labflifies dde2 ditdh Acttrip@ed O 8 Yoknprehensive
NEOASGE aSS [FYOSNL SO FfdX HampuI SaLISOALf
(Emery, 2006).

¢CKdzaZ 6S ¢gAakK G2 dGdSad F2N hdadzlQa Sa o
make the following hypotheses:

(1) The jungle crows will be able to discriminate several types of music, as is the case of
other passeriformes, and will thus display different behaviour depending on what they hear.

(2) Music will have a reinforcing efteon jungle crows, who will display more positive
and less stereotypic behaviour in music than in silence or white noise, and will show musical
preferences, like other vocal learners. More specifically, we suggest that the jungle crows
will prefer Japanesenusic to other types of music, because this species lives in Japan. In a
study with degus @ctodon degus which live in South America, Watanabe et al. (2018)
evidenced a preference for Chilean folk music over Western music and silence. They
hypothesisedthat the soundscape of the area where lived native people may have
influenced their music, and may also trigger preferences in-maman animals, which

would preferthe particular acoustic stimuli based on the soundscape they lived in.
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Materials and Methods

Ethic statement

The jungle crows were caught in the wild under permis&iprthe Japan Ministry of the

Environment (authorization number #2025575).

Subjects and housing conditions

This study was held in the Centre for advanced Research gin and Sensibility, in the
department of Psychology of Keio University (Japan), with seven jungle crows, four females
and three males. All therows had been caught in the wild after becoming-swllts (about
sixmonthsold), in Tokyo and neighbour areasd then housed inindividual cages
(76cm*48cm*54cm) in the laboratory. They were two three-yearsold when they were

tested. The light was on from 8 am to 11 pm.
Stimuli
The stimuli consisted of four music plays (see table 1) and a white noisepeadasting

three minutes and broadcasted continuously five times (foefifteen minutes). The volume

was adjusted to be similar for all the stimuli.
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Table 1: description of the stimuli
Type of music Stimulus
Glen Gould Bach The Goldberg Variations, BWV 988 (1955 me@&)uld
Classical Remastered
Aria- Variation 1 a 1 ClavVariation 2 a 1 Clav.

Glen Gould Glen Gould plays Schoenberg: Klavierstiicke opp.11, 19, 23

Modern Piano Suite op. 25; Piano concerto op . 42; Farftasyiolin & P
No. 1,MaRigeViertel
Japanese 1 Festival musie Unknown composeg played byKanda Bayashi
Traditional folk musie Unknown composeg played byTsugaru Jongara
Japanese 2
BusiandTakahashi Chikuzan
White noise White noise
Study @sign

Every morning, one bird was taken to an outdoor avi@,7 m * 1,5 m * 1,6 m, seegdre
1.). All the testing sessions were conducted in this outdoor aviary and filmed so as to be
analysed later. The birds already knew the aviary, since they bad placed there before
the experiment for bathing and social interactions with each other. Food and water were
available on the floor of the aviary. The birds were tested in six conditions: classical music,
modern music, Japanese music 1, Japanese muysiehi2e noise and silence, using the
stimuli described in table 1 (nothing was played for the silence condition). The stimuli were
broadcasted with a Bluetooth speaker. In order to be sure that the birds getting closer to the
speaker would be attracted lihe sound broadcasted, and not by the speaker itself, we put
two speakers next to the aviary, a playing one broadcasting the stimulus and a silent one
broadcasting nothing. Both speakers were located on two sides of mesh walls (because of
the two walls agest which was located the aviary, the speakers could not be face to face).
On the morning, the playing speaker was located on one side of the aviary, on the afternoon
it was located on the other side, and it was reversed the next day. Three perchesewvane s
the aviary at equal distance from another. The closest perch to the playing speaker was
VIEYSR a1 2yS mMéx GKS FdzNIKS&ad 2yS 6Ad So Of 24
0SG6SSy al2yS Héd 1a || O2yaSIBdzey @STf wKS aLIs NE
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but because the playing and the silent speakers were exchanged once a day, the perches
tf20FGSR Ay GKS 0101 YR Ay (GKS FTNRyYyOd 2F GF¢
depending on where were the playing and the silent speak@see Figure 2. Three other

areas wereO2 Y AA RSNBRY (KS Ff22N) 2F GKS @A NEB 04a
GKSNBE ¢ta | tAGGES SR3IS 64SR3ISEV yR GKS 3INR
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Figure 1. Aviary in which the experimentas conducted
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Figure 2. lllustration of the experimental device
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day 3 a male and so on). All the five stimuli were broadcasted two times a day: once in the
morning and once in the afternoon, within the same order per day. Each stimulus was
separated from the following one by fifteen minutes of silence, so as to determine a baseline
behaviour (see Table).20ne hour and fortfive minutes separated the morning peri@ehd
the afternoon period. The order of the stimuli was randomized from one day to another. All
the stimuli were manually started and stopped by the same experimentersfamiliarized
with the birds. The experimenter was not present with the tested bitdtirty broadcast.

Each bird was tested for at least one day (see table 3)heard each stimuli for 30 minutes

and was filmed during two hours and fortyfive minutes in the morning and two hours and
forty-five minutes in the afternoon. When all the birdgere tested for one day each, we
conducted descriptive analyses and tested again three females (see table 3), who seemed to
show preferences, for one more day each, in order to see whether their preferences were
consistent in time. In total, thosthree females heard each stimuldsr one hour and were
filmed during five hours and thirty minutes within two mornings and five hours and thirty

minutes within two afternoons, that is for eleven hours within two days.

Table 2: Planning of broadcasting

Morning Afternoon
9h00 Silence 13h Silence
9h15 Stimulus 1 13h15 Stimulus 1
9h30 Silence 13h30 Silence
9h45 Stimulus 2 13h45 Stimulus 2
10h Silence 14h Silence
10h15 Stimulus 3 14h15 Stimulus 3
10h30 Silence 14h30 Silence
10h45 Stimulus 4 14h45 Stimulus 4
11h silence 15h Silence
11h15 Stimulus 5 15h15 Stimulus 5
11h30 silence 15h30 silence
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Table 3: Order of the tests

Day Bird
30/11/2017 27
01/12/2017 fY
02/12/2017 28
03/12/2017 PP
04/12/2017 RM
05/12/2017 vf
06/12/2017 FA
07/12/2017 cc
14/12/2017 fY
15/12/2017 vf
16/12/2017 cc

Coding

All the videos were coded by the same experimenter. Each video was coded two times by

focal sampling.

First of all, we recorded the time spent by the birds in each zone of the aviary.
Second, we recordedtS 0 ANRAQ 06 SKI @A 2 dzNJ

Table: 4 behaviour recorded for the birds

~

a

A

RSaONMAOS

Behaviour

Description

Flapping wings

Bird flapping his/her wings when perching

Climb grid Bird jumping on the grid

Open beak Bird opening widelpis/her beak

Peck grid Bird striking the grid with his / her beak
Peck perch Bird striking the perch with his / her beak
Preening Bird preening

Shaking feathers

Bird shaking his/her feathers

Squawk

Bird squawking

Head upside down

Bird lowering his/ler head between his/her legs
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Statistical analysis

First, we tested whether the sound stimuli (classic, modern, Japanese 1, Japanese 2, white
noise or silence) influenced spontaneous behaviour (flapping wings, climb grid, open beak,
peck grid, pek perch, preening, shaking feathers, squawk, head upside down), all birds
included. Then, we tested whether the music influenced the time spent in one given zone
617 2yS m2 12yS w 2NI 1T 2yS o0z |ttt o0ANRA AyOf dz
included in the statistical analysis, being irrelevant for the current study. Each dependant
variable was analysed in a distinct linear mixed model (LMM) using the R program R Core
Team 2019 and the adon package Ime4 (Bates et al., 2014). We includedxas Effects
moments (morning or afternoon), configuration (1 or 2) and zone when relevant (i. e. when
testing the influence of sound stimuli on behaviour), such as the possible interactions
between those effects. The identity of the birds was added aar@lom effect. We also
tested, for each bird individually, whether the music influenced the time spent in one given
zone (zone 1, zone 2 or zone 3). Per bird, each independent variable was analysed in a
distinct linear model (LM) using the R program R Qaam 2019 and the adon package
stats. We included moment, configuration and day (1 or 2) when relevant (i. e. for the three
birds that passed the test for two days instead of one) as fixed effects, such as the possible
interactions between those effect3.o maximize the model likelihood, when an interaction
was not significant, we deleted it and repeated the process without it. We used PermTest
using the adebn package pgirmess (Giraudoux, 2018) to obtawalpes. In addition, we
used posthoc Tukey test (Tukey, 1949) to perform pairwise comparisons between the

factors.

Results
Effect of music on behaviogrll individuals included

2SS RAR y20 FAYR lyeé SF¥FFSOG 2F YdaAaArldO 2y (K
significant effect of the inteaction music*moment and music*configuration on this

behaviour.
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2S RAR y28 FTAYR lyeé STFFSOG 2F YdzaaO 2y i
significant effect of the zone and of configuration on this behaviour.

We found a significant effect of musicy’ G KS 06 SKIF @A2dzNJ a2LISy 0S|I |
any significant differences after pairwise comparisons and Bonferroni corrections. We found
a significant effect of the zone on this behaviour.

We did not find any significant effect of music on the beh@&/ dzNJ & LJISO1 3INARE @

We did not find any significant effect (but a tendency, 0.060) of music on the behaviour
GLISO] LISNOKE®d® 2SS F2dzyR | AAIYAFAOLIYG STFTFS
music*configuration of this behaviour.

We did not find any significan STFSOG 2F YdzAA 0 2y (G(KS 0SKIl @,
significant effect of the zone on this behaviour.

2S F2dzyR | &aAIYAFAOIYG SFFSOOG 2F YdzAA O 2y
shake more their feathers when hearing Japanese musienpared to silence, and more
when hearing white noise compared to Japanese music 2. We found a significant effect of
the zone on this behaviour.

We did not find any significant effect of music on the behaviosquawk».

We did not find any significamiffect of music on the behaviourhead upside dowm,
but a significant effect of the interaction music*zone for zone 1 and zone 2.

(See table 5)
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Table 5:.LM analyses of time spent displaying spontaneous behaviours (in seconds)

during the broadcast of stimuli or silence

Facotrs and p values| japl vsg jap2 vs Musique  Musique
Behaviour interactions (PermTest)| silence | white noise *zonel *zone2
flapping_wings music*configuratior| 0.020
flapping_wings music*zone 0.023
climb_grid zone 0.016
climb_grid configuration 0.029
open_beak music 0.027
open_beak zone <0,001
peck_grid
peck_perch zone <0,001
peck_perch music*configuratior| 0.033
preening zone <0,001
shaking_feathers| music 0.037
shaking_featlers zone <0,001 <0,001 <0,001
squawk
upside_down music*zone 0.006 <0,001 0.001

Effect of music on the zorgall individuals included

We did not find any significant effect of classical music, modern music, Japanese music 1,

Japanese musk nor silence on the zone.

We found a significant effect of white noise on the zone (0;@)en hearing the white

noise, the birds stay more in zone 3 than in zone 2 (p = 0,011) and more in zone 3 than in

zone 1 (0,014).
(See figure 3.)
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Figure 3. Number of seconds spent per zone depending on the type of music

Effect of music on the zomeper bird

No significant effect of music on the zone was found for the bird 27.

No significant effect of music on the zone was found for thd Bif.

No significant effect of music on the zone was found for the bird 28, but we found a
significant effect of the interactiomone*moment in Japanese music 1 and a significant
effect of moment in white noise.

No significant effect of music on the zowas found for the bird pp.

No significant effect of music on the zone was found for the bird RM.

A significant effect of music on the zone was found for the bird vf in white noise, yet we
did not find any significant differences after pairwise comparisaong Bonferroni
corrections.

No significant effect of music on the zone was found for the bird cc, yet we found a
significant effect of the interaction zone*configuration in classical music, modern music,
Japanese music 1, Japanese music 2, white nositnce.

(See table 6).
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Table 6:.LM analyses of time (in seconds) spent on the different zones during the

broadcast of stimuli or silence

Bird Type of music Factors and interactions p values (PermTes
27

fY

28 Japanese 1 zone*moment 0.031
28 white_noise moment 0.026
pp

RM

vf white_noise zone 0.025
cc classic zone*configuration 0.004
cc modern zone*configuration 0.008
cc Japanese 1 zone*configuration 0.013
cc Japanese 2 zone*configuration 0.018
cC white_noise zone*configuration 0.025
cc silence zone*configuration 0.012
Discussion

The aim of this study was to explore the discriminating and reinforcing levels of music in
SPSy 2dzy3atS ONRgad 2SS 2yte F2dzyR FSg &aAITYyA-
SIF1¢ FTH¥RI GBEIGJKSNEReéUVE YR 6S RAR y2i0 FAYR

absence on the time spent in a given zone, which does not allow us to conclude neither

Qx

(@]

about the discriminating nor the reinforcing properties of music in jungle crows. Yet the
birds spent more time in zone 3 (farther from the playing speaker) when the white noise was
broadcasted, which suggests that they disliked it.

We found some significant effects of several interactions. Many of them are difficult to
explain. Yet, the fact thawe found a significant effect of the interacti@one*moment in
Japanese music Xor the bird 28, and a significant effect of the interaction
zone*configuration in classical music, modern music, Japanese music 1, Japanese music 2,
white noise and silenctr the bird cc can be related to a perch preference: both spent most

of their time on a specific perch, no matter which type of stimulus was broadcasted.
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Discriminating level of music in jungle crows

Given that we only found few significant effeaf music on behaviour, and we did not
find any significant effect of music nor silence on the time spent in a given zone, we cannot
conclude about the discriminating abilities of jungle crows regarding music. A lack of the
cognitive abilities allowing disimination seems very unlikely. Indeed, corvids are known for
having quite high cognitive abilities (Emery, 2004); besides, colour discrimir{Bbgale et
al. 2013 and human faces categorisatioBqgale et al., 2011) have been evidenced in jungle
crows Furthermore, temporal resolution of complex sounds being more complex in birds
than in humans (Dooling et al., 2002), this absence of behavioural differences depending on
the music would not be due to poor auditory abilities. Thus, it is possible tleabitids were

not as interested in music as we could have expected.

Reinforcing effects of music in jungle crows

Given that we only found few significant effects of music on behaviour, and we did not
find any significant effect of music nor silence tie time spent in a given zone, we cannot
conclude about the reinforcing effects of music in jungle crows. In general, the birds did not
display more positive nor less stereotypic behaviour when hearing music as compared to
silence. A few studies evidenceédat in some species, individuals do not display musical
preferences and that music had few or no reinforcing effect, as is the case of pigeons
(Watanabe et al., 2009) or rats (Otsuka et al., 2009), ifanaegative effect, like in hens
(Campo et al., 2@) and gorillas (Robbins and Margulis 2014). Yet those species are non
vocal learners, which is not the case of jungle crows. Nevertheless,veoah learners do
not always seem sensitive to music2it Gy 6S Si& Ff ®Qa AdAGdzReé omdp

of four did not show any musical preferences.

What about the vocal learning hypothesis?

Regarding Watanabe et al. hypothesis (2009), musical stimuli would be reinforcing in
species that are capable of vocal learning. Jungle crows are vocal learnersgither

reinforcing effect nor musical preferences could be evidenced in this study.
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Nevertheless, over the past few years, less categorical assumptions have been
hypothesised. First of all, vocal learning, instead of being a dichotomous feature, would
range from nonvocal learners and limited vocal learners to complex vocal learners along a
continuum (Arriaga and Jarvis, 2013). Besides, evenvooal learners can display some
features implying a certain sensitivity to music, although not as strikinthedeatures
evidenced in some vocal learners: for example, several rhythmic competences like beat
discrimination or production have been evidenced in chimpanzees (Pan troglodytes) (Arcadi
et al.,, 1998; Dufour et al., 2015) and gorillas (Gorilla gorilldlgoand Gorilla beringei
beringei) (Schaller, 1963), pigeons (Hangmann and Cook, 2010) and collared doves
(Streptopelia decaocto) (Ballintiin and ten Cates, 1999); besides, music has a reinforcing
effect in zoehoused western lowland gorillas (Westeowland gorillas) (Wells et al. 2006)
and captive dogs (Canis lupus familiaris) (Wells et al., 2002; Boone and Quelc,h 2003; Kogan
et al., 2012). Degus even prefer Chilean folk music to Western music and silence (yet it is
important to note that auditory communication is highly developed in this species).
Although jungle crows are capable of vocal learning, we do not know how strong is this
ability; it is thereby difficult to conclude about a prospective relationship between vocal
learning and musical sensiity in those birds. Furthermore, as we describe it below, several

limitations could have affected the results.

The case of white noise

The only stimulus that has an effect on the time spent in a given zone is the white noise:
the birds spent more timén zone 3 than in zone 1 and 2 when hearing white noise, i. e. they
stayed away from the speaker broadcasting white noise, suggesting that they disliked it. In
this experiment, white noise was used as a sound control, because we thought that it was a
neutral stimulus which could have allowed us, in case some birds would have displayed
musical preferences, to check that they would have been reinforced by the music and not by
any type of noise. Yet those results show us that this stimulus was rather avenguese of
white noise as a neutral stimulus should therefore be considered carefully in future studies:

as it happens, several researches used white noise as an aversive stimulus.
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Limitations

Because of several limitations, we cannot draw out ctearclusions from the results.

First of all, the fact that the crows were captive wild animals probably impacted their
behaviour: it is important to note that they were not familiar with the main experimenter,
and they had to be caught from their usual owt cage so as to be moved in the outdoor
aviary for the test. Being caught was probably an important stress for them, given the way
they struggled. Besides, they were isolated, which was probably another factor of stress
since crows usualliive in largeand complex societies (Emery, 200#)deed, once in the
experimental aviary, the birds would spend most of their time jumping from one perch to
another as if stressed. Moreover, the change in their environment might have influenced the
way they reacted tothe music: more specifically, we could not control the sound
environment of the birds since, the aviary being outside, they could hear all types of noises
6Sy3airaySa FyR OFNJ K2NYyas aljdzgl1Ay3 ONRGAZIXOLT
close to a ports field, so we could regularly hear people shout while playing. Second, the
video coding was sometimes uneasy due to the bars of the aviary, which could hinder a good
vision (all the more because the birds did not always stand on the perches), amdnies
aSlhazys OldzaAy3a +y SIENIe& yAIKGTFI € § YR &a2Y.

behaviour when the environment darkened.

Conclusion

The jungle crows did not display discriminating nor reinforcing properties of music in our
study. A parfrom the possibility that this species would not be sensitive to music at all, it is
likely that our very small sample and the experimental conditions would have altered the
OANREAQ O0SKIFI@GA2dzN» C¢KSNBEFT2NBZ 4SS OFyvyi@gdld RNJI .
researches should be conducted in corvids, which sensitivity to music has never been

studied before, as well as in other birds.

Declarations of interest: none.
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