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Résumé

Dans les populations naturelles, on observe une grande variabilité du succés reproducteur des individus. Cette

Bl NAFOATAGS Said &aGNUzOGdzNBS LI N £t QN3S SiG £S aSES YIAa
observab6a ® 5Fya OSGdGS (KsasSz 2SS YS &dadzia AyGaSNBaassS b f QA
adifferened SGF LJSa RS tF NBLNRPRdAzOGAZ2Y Rdz FEFYIFyd NR&AaS |Aya
qualité phénotypique, la condition corpdie des parents avant leur envol, sur la condition corporelle de leur

L2 dzAaaAyd® 9yFAYyZ 2QlA SEFYAYS ftQSTFFSG RS f QN3IS RS LINBY
individu durant sa vie.

Durant la parade nuptiale, nous avons montré gee $équences comportementales ne différaient pas entre

les sexes. Cependant les femelles exhibent une coloration plus intense et les males présentent des
O2YLRNISYSyida |32yAradAaljdzsSa RS L) dza Sy LJX dza demdlj dzSy i a
dzy SF¥FFSG ljdz2 RNF GAljdzS RS tQN3IS &dzNJ £+ O2YLX SEAGS RS
maturation chez les jeunes et de la sénescence chez les plus agés. Cette complexité apparait étre impliquée

dans le choix du partenaire et étdzy & A3yt K2yys (S B8zNI Iy Gl dzit £ LIBINARR St R
nous avons trouvé une relation positive de la seule condition corporelle des péres quand ils étaient poussins

sur la condition corporelle de leur poussin et ce, quel que soitdgar Ceci souligne les différences liées au

sexe dans les conséquences a long terme de la condition corporelle juvénile sur les performances

reproductives. Bien que les individus atteignent leur maturité sexuelle & 3 ans, méles et femelles retardent leur
premiére reproduction aun &ge moyendet6 | yad® / QSad f QN3IS 2LIGAYIFE LIdz2NJ £ S
RFEya fSdz2NJ GAS LJI2dzNJ £ S& FSYSttSa YFAa OS y2YoONB RAYAyd
semblent indiquer que les jeunes malesupraient étre exclus de la reproduction par leurs ainés durant la

formation des couples.

/' SGGS GKsasS YSG Sy gyl tQAYLRNIIFIYyOS RS tQN3IS Si Rdz
espéce longévive. Nous soulignons la nécessaire pfise®2 YLIi S Rdz 8SES RIya f QSGdzRS
reproducteurs méme chez les espéces monogames ou les réles parentaux sont peu différenciés. Enfin, nous
FGOANRYaA tQFraGSydA2y adzaNJ £ ySOSaaAiGsS RQAtYnipsdE NBE NI f QI C
avoir une meilleure compréhension des facteurs menant a cette variabilité.
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Abstract

In wild population, we observe a high variability of reproductive success between indiviihewariability is
generally structured by age and sex lalgo by individual factors not directly observable. In this thesis, |
focused on the age and sex influence on reproductive traits at different times of reproduction in the greater
flamingo as well as on the influence of a potential measure of phenotygititguthe early body condition of
parents, on the body condition of their chick. Finally, | examined the effect of age at first reproduction on
lifetime reproductive success.

During courtship display we showed that behavioral sequences were similar betseses. However, females
express a more intense coloration and males display more and more interaction between themselves with age.
We also highlighted a quadratic effect of age on sexual display complexity suggesting of a maturation process
in young ind¥iduals and senescence in old individuals. In addition, this complexity seems involved in mate
choice and being an honest signal of individual quality. During rearing period, we found a positive relationship
between early body condition of males and boandition of their chicks and this whatever their age. This
highlighted sexelated differences in lorterm consequences of early body condition on reproductive
performancesAlthough individuals reach sexual maturity at 3 years, males and females dptaguetionto

a mean age of-@ years. This correspond to the optimal age to maximize lifetime reproductive success in
females, while in malesiore they breed early for the first time, more their lifetime reproductive success is

high. Elements suggest thgoung males could be excluded by their elders during pairing formation.

Our work emphasizes the role of sex and age on the variability of reproductive traits in dil@tgspecies.

We emphasize the importance to take into account the sex of individuals in the study of reproductive behaviors
even for monogamous species whesex roles are poorly differentiated. Finally, we draw attention to the need

to integrate breeding access upstream of nesting cycle to have a better understanding of the factors leading to
this variability.
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Variabilité entre individus

[ Qdzy S RS&a L) dza 3INI yRSE | g yO0OSSad RS 51 NBAY
espece, les individus expriment une grande variation dans leurs traits morphologiques,
physiologiques ou comportementaiarwin 1871) Cette variabilité interindividuelle est la
NBadzZ GFydisS RQAYGSNI Olrazya O2YLX SESa SyaNB £
environnementales expérimentées par les individus. Elle conduit & une hétérogénéité dans les
GNF¥AGa RQKAAG2ANBE RS @QAS GSta 1jdzS 1 &dz2NBAS
différentielle des individus a transmettre leurs genes a la génération suivante (aptitude
phénotypique, {itness en anglais). Cette hétérogénéité est constitié RQdzy S O2 YL a |
ail of Saire que $ed différences entre individus sont fixées en début de vie puis
constantes au cours de la vie (ex. facteurs génétiques, environnementaux, parentaux), et
RQdzyS O2YLIRAlydS Reyl YAl dze ddsidividus yer. ex@drigndeS NJ | d:

senescence, etc.).

Diversité génétique

Le génotype est la compositi@léliquede tous lesgénesR Qdzy’ A Y RA @A Rdzd L f
des parents. Les genes sont des séquences nucléotidiques (en l'occurréiy,qlii codent
pour des protéines affectant les propriétés des cellules, unités de base des organismes
Ydzft GAOStfdzf  ANBE R2y(d f Q2NBIFIYyAal A2y LINBRdzA
LIKSYy20eL)Sed [ S LIKSy2(0elL)lS RS& AYRAGOARdan Sad |
SYPANRYYSYSYyl R2yyS® ! dz aSAY RQdzyS SaL}Bs oSz f
f QF 80 NB®S RSINBE RS GFINASGS Sad RSTAChaque2YYS
GIENAIFYydG RS OS 3Is8yS O2NNFBaLR Y Rpetventapoutir ades £ S |
protéines fonctionnellement identiquesans conséquence sur le phénotype, mais aussi a des
protéines différentes et donc a des phénotypes différehtsdiversité génétique génere donc
dzy S RAGSNRAGS LIKSY 2 (eteslpdy dalséquedn resgnsgble RISmain© S & LIS
en partie de la diversité des traits morphologiques, physiologiques, et comportementaux liés

a la reproduction.


https://fr.wikipedia.org/wiki/All%C3%A8le
https://fr.wikipedia.org/wiki/G%C3%A8ne
https://fr.wikipedia.org/wiki/Acide_d%C3%A9soxyribonucl%C3%A9ique

Plasticité phénotypique

La plasticité phénotypique est définie comme la gamme de variations des phénotypes
j dzS LISdzi LINBYRNEB dzy 3ASy 2 (e LIEloker?amiSiner&o201)F FS i a
[ QOKSGSNRISYSAGS RS fQSY@ANRBYYSYSyid RIya QS
FoA20GA1dzZS 3IASYSNB |f2NBA dzyS RAGSNEAGS rLIKSy 2 (
conséquent une diversité des traits individuels liés a la reproduction. Cette plasticité peut étre
fS NBTfSUG RQdzyS NBLRyaS [RFLWGIGAGBS £ t QSy ga
AAYLE SYSyld Rdz NBFESG RS O2y i NI®ENIGSEE2 NBILERMAESY
f QA Yy RoaghRnd2008)Les génotypes peuvent tous répondre de la méme maragre
f QSYBANBYYSYSyYy(d 2dz RAFFSNBYYSyidae {A fSa NBL
plasticité phénotypique, ce qui peut la aussi mener a de la diversité phénotypique. Le
ASy23G@LISs ft QSYGANRYYSYSyid RIya intrjctiofssons @2 f dzS
FAYyaA &a2dz2NOS RS OFINAFGAZ2Y RSa LKSy2G@L)Sa | dz

La plasticité phénotypique peut étre réversible ou non et se manifester a divers
Y2YSyiGa RS I @AS RS fQAYRAQGARdzd [+ Ll adAOA
FILAG ftQ202S0 RQdzy AYGSNEG LI NIGAOdzE A SNI-OS& R
et postnatales dans lesquelles se développent les individus influent directement sur le
LIKSYy2G8LJS RS&a 2SdzySasz YIAad | ox@&me sotamnestd | dza
sur les caractéristigues reproductrices des individus et par conséquent sur leur succes

reproducteur(Lindstrom 1999; Van De Pol et al. 2006; Monaghan 2008)

Patrons généraux de variabilité individuelle des traits reproducteurs

La variabilité individuelle des traits reproducteurs due a des différences latentes entre
individus est parfois difficile voire impossible a mesurehétérogénéité cachée).
Néanmoins dans les populations animales, on observe généralement une strianwatla
variation des traits reproducteurs en fonction de divers attributs individuels dont les plus
NBEO2yydz &2y {(ShértSandsBSlabsn 190d; FdrstudbiZFus Part 1995; McNamara
and Houston 1996)



Age

[ Sa LI GNRya RS GFNAFGA2Y RSa (NI Ades NBLINE
L2 LIdzf F GA2y & yI GdzNBtfSas Sy LI NIAOdzZ A SN OKSI
(Cuio 1983; CluttorBrock 1988; Lunn et al. 1994; Forslund and Part 1995; Martin 1995;
Hewison and Gaillard 2001; Reid et al. 2003; Mauck et al. 2004; Beauplet et al. 2866)
espéeces partagent généralement le méme patrda performance reproductriceLagmente
RdzN> yi tSa LINSYASNBa lyysSa RS @OAS 2dzal dzQt |
diminution de ces performances pour les ages les plus avanceés. Par exemple, chez le Grand
Albatros Diomedea exulansle succes reproducteur, augmente pregsivement et
fAYSEFANBYSY(l SyiaGNB f QNIS RS LINBYASNBE NBLINERC
LJdzA &> Af asSyvyofS aS aidlroAfAaSNI 2dz RSOt AYSNJI T
Hpkon |Iyas RSOf A y-30jadgWeimedddkiOOebal 4008 I LINB & H p

Ce patron peut résulter de plusieurs mécanismes non exclusifs. Premierement
fQF YSEAZ2NI GA2Y RS&a O02YLISGSyO0Sa NBLINRRdAzOG NR OS
Y GdzNF G§A2y SG 2dz RQSELISNASYOS O2yRdzA G t dzy S
en début de vigCurio 1983) Les jeunes individus moins expérimentés et souvent de plus
petite taille expriment généralement une plus faible compétitivité en comparaison de leurs
ainés et auront ainsi plus de difficultés a acquérir un partenaire, un site de reproduction, ou a
nourrir efficacement leur descendan¢{®artin 1995)

[ aSYySaO0SyO0Ss RSTFAYAS 0O2YYS S RSOfAYy R
certain age et/ou la détérioration progressiveS f Q2 NErkwgod &and Rustad 2000;
Monaghan et al. 2008)est égalementi dzAa OS LG A6t S RQSY(iUNI} Ay SNJ £ S
reproductrices a un age avancé. Par exemple, il a été montré que la sénescence pouvait
FFFSOGSNI G2dzi Fdzaaix oASYy tQFGGNF OGABAGS &SE
f QOSELINB 3 & A 2 yuelstT®riies and AlanddZD07aPaviova et al. 2010; Balbontin et
al. 2011; Cooper et al. 2012)ue la qualité des soins parenta(BeamonteBarrientos et al.

2010)

OYVFAYS dzyS I+ dzAYSy il A2y RS fQAy@SaiGAraasy
FGGSYRdzS 8z¢y RNABF2W2RD SYydiNB f QN3IS SiG I
particulier chez les espéces longévivesegtraint hypothesis, Pianka 1976; Forslund and

Part1995% [ I @I f SdzNJ NBLINBR RdzOG A @S RQdzy AYRADARdz S



actuelle et future de descemuhts. Typiguement, un jeuneeproducteur a unevaleur

NBLINER RdzOG A @S St SOSS LlzA &lj dzQAf | dzZNI RS y2YoNEB

vie. En revanche plus un individu est &gé, plus les occasions de reproduction vont diminuer du

fait du pnénomés RS aSySaoOSyOSo ! Ayaa Af &aSNY Rlya f

modérément dans la reproduction actuelle afin de se préserver pour les évenements de

NBLINRRAzOGAZ2Y &AdzZAGryliad 9y NBEGIFIYOKSS dmh AYRAQD

car ses chances de se reproduire a nouveau seront faibles. Par exemple, chez le fou a pieds

bleus,Sula nebouxiiles individus agés avec des perspectives de reproduction réduites vont

accroitre leurs efforts dans la reproduction lorsqleurs perspectives de surviesont

menacées (activation expérimentale du systeme immunitaire), alors que les jeunes individus

Fe@lyd RS 02yySa LISNBLISOGADS @velah8o et 2006 RdzO G A 2 v
Enfin, les patronsidnt age et succes reproducteur peuvent aussi étre expliqués par

f QK@ L2 1KsaS RS asStSOGA2Yy ljdA &S NBFSNB t fI

qualité si leur survie est inférieure a celle des reproducteurs de haute qy@litéo 1983;

Forslund and Part 199%) Lf Said R2y O ySOSaalANB RQAY({SN.

performance reproductrice avec précaution.

Sexe

Les sexes sont définis par les différendans le type de gameétes qu'ils produisent. La
femelle produit un petit nombre de gros gamétes, généralement peu mobiles alors que le
male produit en grand nombre de petits gametes tres mobiles. Cette asymétrie dans la taille
des gamétes est appelée angmonie. Les sexes expriment des différences fondamentales
dans leurs traits phénotypiques. Les causes de ces différences font débat, notamment dans la
LI NI RS GFNAIFYyOS SELX AIjdzSS LI N £ QFyAaz23lk YA
stochastiquegScharer et al. 2012; AKing 2013; Kokko et al. 2018)ependant un lien évident
Saild NBO2yydz SYidNB fSa NBIAYSA RQILILI NASYSyla
deux sexegAndersson 1994; Dunn at. 2001) Chez les espéces polygames, le dimorphisme
entre les sexes est trés prononcé tant dans les comportements que dans la morphologie.
Généralement les males font face & une compétition ktr& E dzSf f S LI dza F2 NI S
partenaire, exhibat des caractéres secondaires sexuels extravagants et couteux et sont peu
Ay@Saira RlEya tS&8 a2Ay& LI NByidldzEd [ S& FSYSt



AaQAYy@SaidAraasSyd RI@Grydalr3S REya fI RSaOSyRIyO
certaines especes (cf. polyandriggenni and Collier 1972; Oring and Lank 1982ez les

especes monogames, un dimorphisme sexuel peut aussi exister en particulier au sein des
espéces qui présentent des roles bien définis pour chagud E S da-direGede$ taches

liées a la reproduction (défense du territoire, incubation, nourrissage, etc.) sont sexe
spécifiqgues. Au contraire, chez les especes monogames présentant des réles reproducteurs
similaires entre les sexes, ce dimorphisregul est peu marqué, voir absent.

/| SLISYRIFIYG> fQSidzRS RSa RAFTFSNByOSa RS (NI
biaisé en faveur des especes polygariém et al. 2011)Chez les espéces monogames ou les
aSESa LINBaSyiSyid RSa NxfSa asSvyofloftSaz Af yQ
2dz SyO2NB ljdzQdzy &Sdzx RS& RSdzE aSES&a &az2iaid 02
collid fASa t f1 NBLINERRdAzOU A 2 yTavécehia let al 2261 LIG A 0 f
différentiel de colt peut conduire a des pressions de sélections différentes et donc a des

différences dans les traits reproducteurs entre lesese

Variabilité des traits reproducteurs et étapes de la reproduction

Les traits individuels liés a la reproduction sont divers tels que la condition physique
des individus, leurs caractéristigues morphologiques et physiologique, et leurs
comportements] QSyaSyof S RS O0Sa NI AGA @I RSUSNXYAYS
individu ainsi que sa compétitivite. Ces différents traits liés a la reproduction pouvant étre
impliqués dans différentes étapes de la reproduction vont déterminer le succésthagieur
RS f QAYRAGARdIzd Lf Said R2yO AYRAALISYyalotS RQS
comprendre les mécanismes sgasents menant a cette hétérogénéité du succes
reproducteur.

Ainsi nous pouvons nous demander quelles sont les étapggues au cours de la
saison de reproduction et quels sont les traits individuels associés les plus déterminants quant
a la reussite de la reproductich Ces étapes et ces traits salstles mémes pour les deux
sexelk hdz SyO02NBI O2&cestits reprapldt@Bs. Aglfstr ladatalifé@es

traits ? Et dans le méme sefls



Pour répondre a ces question je me suis intéressé a une espece longévive monogame,
et présentant un fort investissement parental chez les deux sexes, systeme pentaod
présent chez les oiseaux. Les méles et les femelles sont ainsi impliqués dans les différentes
SGFLISE RS fF NBLNRRdZOUAZ2YZ OS ljdzA y2dza LISNXS
traits reproducteurs au cours de la saison de reproducti@nant a la longévite, elle permet
NBELR2YRNBE t I ljdzSadiArAz2zy RS ftF LXIaAaGAOAGS RSa
La définition de la saison de reproduction differe entre les études. Chez les oiseaux, la
saison de reproduction corresporgénéralement au cycle de nidificatiqitterson et al.
2011) Ainsi, la saison débute avec la construction du nidheéhdividu est considéré comment
faisant partie du ooln RS NBLINRP RdzO(G SdzNBER R$§a 1jdzQAt Sad 2
sens la saison de reproduction comprend deux composantest QF 008§ & t f I NBL
reproductionpersap [ QF OO&IaA NBJz AL ENBSSYy 2dz Sy O02NB £ QF 008§ 2
effectivement des étapes déterminantes quant au succes de la reproduction. La réduction de
la saison de reproduction au cycle de nidification des reproducteurs est probablement la
NBadzg O yYRASTTR@O SIS RIEya fQ20aSNBIFGA2Y RSa
reproduction (Etterson et al. 2011)Néanmoins elleld2 Yy RdzA i t f oSl Gef dza A 2 Y
NBLINR RdzOG SdzNE RSa AYRAQDGARIzZA ljdzA 2y G SOK2dzS f
y2dzaz O2YyaARSNBNRya AOA I &lFA&d2y RS NBLINERJZL
aSEdzSt Si aSsS i Jewleangs: yi | SO t QSy @2t

Traits reproducteurs impliqués au cours de la saison de reproductiqnelques

exemples

Acceés au partenaire sexuel

[ QSO LIS RS tQF0OOs8& Fdz LI NISYyFANS aSEdzsSt ¢
individu ne peut se reproduire sans partenaire, mais aussi parce que les compétences
NB LINE RdzOG NA OSa Rdz LI NI Syl ANB &SEdsSt exks/ i ONX
S41L30Sa Y2y23lvYSa 2G tSa RSdzE aSESa O2y{iNRod
ce que males et femelles expriment de la sélectivité dans leur choix du partehdire. & QI 3 A
I £ 2 NB R Qdzy (Adl&rssdn and Wodiedp$d81; Parker 1983; Jones and Hunter 1993;
Bergstrom and Real 20005 dzNJ y i €S LINRPOSaadz RQl Oljdzh aAlA:z

expriment généralement des traits couteux dans leur production reflétant honnétement leur



qualité reproductrice(Andersson 1994) Lf &aQl 3AG RS& &A3yl dzE &
morphologiques, auditifs, comportementaux ou encore olfactifs. Si ces signaux sont honnétes,
leur variabilité permet aux individude discriminer leurs congénéres en fonction de leur

performance reproductrice.

Sélection du site de reproduction

[ QOSYGANRYYSYSyd Silyd KSGSNR3ISYSI I |jdz
NELINRRdzOGA2Yy Said &dza OS LI A ositiéh auk réd@teush &SNPt |
LI N} 8AGSaz FdzE AYyGSYLSNAS&asS fF LINRPEAYAGS RS

différentes quant a la réussite de la reproduction. Les individus devraient donc sélectionner

les habitats de meilleures qualités afin aeximiser leur aptitude phénotypique. Seulement

la disponibilité des habitats de haute qualité est généralement limitée, ce qui conduit a de la
compétition entre les individus. Chez certaines especes, et principalement chez les males, les
comportements teritoriaux et de dominance provoquent I'exclusion d'individus de certaines

zones conduisant a une distribution idéale despotiques des individus sur les aires de
reproduction(Fretwell 1969; Fretwell and Calver 196@en résulte une monopolisatiates
GSNNAG2ANBA RS ljdzrt A4S LI N £Sa AYRAGARdIza S,
moindre compétitivité dans des habitats défavorables. Taille, agressivité, et expérience de

f QAVRAGARIz a2y id RSa& NI A G dqués darsh I&coRpdaiivitéiet O2 Yy ¢
les comportements territoriaux des individysargalida and Bertran 2005; Serrano et al.

2007)et sontdonc des traits relatifs a la reproduction impliqués dans la sélection du site de

reproduction.

Ponte et incubation
Au sein des populations, les individus expriment des comportements de ponte et
ROQAYOdzoF GA2Y @I NASa& | &l ydelaRépddudiayazkSipediSey OS &

choix de la taille de la ponte impacte directemeat dondition et la survie des jeunes

Q)

(Monaghan et al. 1995; Maghan and Nager 1997pe méme, la décision de quand initier

f QAyOdzo I GA2Y Ay TFtdzSyOS S adz00S gStolesnSand 2 & A 2 Y
Beissinger 1995Par exemple, chez les espéces dont la couvée est composée de plusieurs
dzdzFas f QAy Odzol GA2y LISdzi BX MBFAFHzZI ES8zf BYSy hil d
dzdz¥a LR YRdzA® [ S LI GNRY 3ASYSNXft Sad |jdzS LI dza
sera élevg(Wang and Beissinger 200gnfin, la présence au nid et le partage du temps
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ROAYOdzoF GA2y a2yd OFNRAEOf S& | dz &85 /EydypRiRdzy & LI
minor,LJt dz& f I FTNBIdzZSyOS RSa NRGI GA 2 \Eprébablitg Odzo | G
RS 4dz0084 RQSqKemdgo®dy a SN} 3INI YRS

Elevage des jeunes

Par les soins parentaux, les individus augmentent la survie de leur descendance et ainsi
f SdzNJ LINPLINE | LJGAGdzRS LIKSYy20@LAIljdzSd [/ Sa azAiy
alimentaire, la protection contre les parasites parSa O2 YL NI SYSyGa RQS
protection contre les prédateurs(Klug and Bonsall 2014)La variabilité de
f QF LIWINRPGA&GA2YYSYSY(d FEAYSYyidlIANB RSa 2SdzySa
f QSt S@Fr3S RS 2SdzySa S LJ dzaA SOdzZRAS® L | LILI N
entref S& AYRA@GARdAzA 1ljdzS§ OS a2Ad4G RIEya fF FNBIdSyC
de la nourriture délivrée a chaque nourrissage, 6t¢@ SY RSty yR . SO1 SNJ wmd
al. 2007; Mullers and Tinbergen 2008) qui serait due a une performance différentielle entre
fSa AYRA@GARdIzA RIya fI NBOKSNODKS FfAYSY(ll ANB®
montrée comme ayant des conséquences sur la condition et la survie des jeunes, impacte

directement leu aptitude phénotypique.

Sélectivité des étapes de reproduction

/| KF1ljdzS SidFLIS RS fF NBLNRBRdAzOUAZ2Y | S LR
individus les moins performants dupeol» de reproducteurs. Selon les especes, les
différentes étapes sat plus ou moins sélectives selon leur colt énergéti(@iittonBrock
1988) conduisant a divers patrarde sélectivité au cours de la saison de reprodud#onold
and Wade 1984)Par exemple, la sélectivité peut étre constante au cours du temps (Fig. 1A).

{A fQl OO8a IetizondiiitBIin §orte/ertBsion dd&individus, la sélectivité sera
AyiSyasS Sy RSodzi RS NBLNRRdAZOUGAZ2Y O0CAITD M. 0D
RS NBLINRPRdAzOGAZ2Y &aAr fI LISNA2RS RQStS@l3asS Sai
reLINE RdzOGA2Y 6CATD M/ 0D t NI O2yasSljdzsSyds L2 dzNJ
fI NBLNRBRdAzOGAZ2Y SyuNB tSa AYRAQGARdAzZA | dz aSAyY
L ljdzSt yA@SlEdz aQSFFSOGdzS I asStSOlAz2yd



Individus au début de la saison

Individus ayant réussi la reproduction

P
o

>
Saison de reproduction

Figure 1 Patron théoriquede sélection des individus reproducteurs au cours de la saison de
reproduction. A) Sélectivité constante des étapes de reproduction. B) Sélectivité trés élevée en déb
reproduction puis nulle C) Sélectivité élevée seulement en fin de saison.



Modéle biologique le flamant roseRhoenicopterus roseus

Biologie générale

[ S FElLYFIyd NBaS Said fQSalLls oS I LJX dza NBL
especes de flamants. On le trouve particulierement dans les eaux saumatres peu profondes
etdans$§a4 SaGly3a Saé I 3dzySa altsSa RS aSRAGSNNI
f QSadsz Ayar |-2m$aid ARAR SA! aAdE dadgRry NBIAYS
ROAYODSNISONBa | ljdzr GAljdzSaz tSa IINISYASAE O2ya
flamant rose est une espéce coloniale, monogame et longévive avec un 4ge maximum
enregistré de 40 ans dans la nature et de 68 ans en cap{itiénson and Cézilly 2007)
Cependant les estimations du taux de survie suggérent que les flamants sauvages pourraient
A ONB 2 dzxJédi et al p1896; Tavécchia et al. 200&s individus se reproduisent
sur des flots et forment des colonies trés denses et constituées de plusieurs milliers
ROQAYRADGARIZAD® |y RAY2NLIKAAYS aSEdzSt RS (I AftfS
en moyenne plus petites que les males.

Les individus atteignent la maturité sexuelle a 3 ans, cependant la reproduction est
rareacetagd Lt ® [ S& FElFYlyidia SELNAYSyYy(d dzyS @I NA L 6 A
allant de 3 & environ 10 ans avec un pic de recrutement a {Rmaslel 2005)Malgré le fait
j dzQAf &aQl 3Aa4aS RQdzyS SalLldOS Y2y23IFYS> I TAF
proche de 0%Cézilly et al. 1997)Ainsi afin de trouver un partenaire avant la saison de
reproduction, males et femelles effasnt des parades nuptiales en groupes de quelques
RATFAYS&A t L) dzaASdz2NBE OSyidlAySa RQAYRAGARdzA @
mouvements formant des chorégraphies plus ou moins stéréotypées. La couleur du plumage
semble impliqguée dans le chaix partenaire, car durant la saison des parades, les individus
intensifient le rose de leur plumage en étalant leur sécrétion uropygienne composée de
caroténoides(Amat et al. 2010)En plus de son role dan f QF OO0O8 & | dz LJ NI Sy |
LI N} RS ydzLJiAF S Said &adzallSOoiSS RQlF@2ANI dzy N

reproduction entre individus.

10



[ FSYSttS LRYR dzy &aSdzf dzdzFd [ LISNAR2RS
jeunessefaitautdzNJ RS yn 22dzNBE® [ S&a RSdzE LI NByida &azyl
y2dz2NNA &aal 38 RS&a 2S8dzySaxz Si aQ2NBHIyAaSyid t f¢
fdzZA GGSyd tQnt2G RS NBLINRPRAzOGAZ2Y S Ll2dadd | £ SN
2dza lj dzQt L) dz& A SdzNBE YAt f ASNE RQAYRAJARdAzA ®

Programme de baguage et de suivi

5SLJzAa mprTt fF O02t2yAS RS FilYlyda NRaSa
suivi a longerme. Apres chaque évenement de reproduction, entre 600 et 900 poussiTs
bagués avec des bagues portant un code alphanumérique unique (Fig. 2), ce qui représente
entre 7 et 30% de la totalité de la créche. Lors du baguage, la masse et la longueur du tarse du
poussin bagué sont relevés.

[ 6F3dzS RS ft QAYRAGARdz LISdzii sGNB LI Nt &
f Q2NAIAYS Si RS tQN3IS RS f QAYRAGARzd [ &l A&
Sad S LXdza F2NI P 9y /| YI NEUHZEES dat NI 2 81 RPN A6
pour permettre le suivi quotidien de la colonie (Fig. 3). Les lectures de bagues couplées aux
méthodes de capturenarquageNB O LJG dzNXB X LISNXYSGGSy i RQSA&
démographiques de la colonie tels que les probabildéssurvie, de reproduction et de

mouvements des flamants roses.
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Figure2Y t 2dzaaiAy @Sylyild RQs(iNB NBfNOKS ILINBA | @

Figure Y LyaitfttriAz2y RS f1o0RYRMAESAONS G QAL 2
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Variabilité des traits reproducteurs chez le flamant rose

Facteurs environnementaux

Le succeés reproducteur est variable entre individu et entre saisons de reproductions.
Par exemple, en 1987 le succes reproducteuladmlonie de Camargue a été estimé a 12.7%
Ff2NR 1jdzQSy wmdpcdp I O2f 2y A SUohnson and Séwily 2008y S NE
Cette forte variabilité de succés entre saisons de reproduction suggére fortement la
NEBaLR2yalroAtAlS RQSTFSia SyoOANRYyYySYSyidl dzEd 9
comme ayant une influence sur la productivité de la colonie, la dynamique hydrotolgicgle
Sali O2y&aAARSNBS 02 YY Cétilg eizgl. 1895, Béchst adzBJohhserLapasti | y i
Béchet et al. 2009; Schmaltzetal. 2681)9y SFFSUG f QI & & A& §YGS f D nR 24
NBLINRE RdzOG A2y O2yRdzAG t f QSELRaAGAZ2Y RS t+ O2
flamants a abandonner la reproduction. En revanche, des niveaux trop élevés conduisent a
f QAYV2yRIFIGA2Yy RSa yARa &¢&dmde§ud, le$ ifrted ffuNg, etheS NR S
SLIAa2RSa @SyiSdzE &az2yd Sy 3IANIYRS LINIAS NB&
Syi2daN yd tQnf2ided /Sa AYyUGSYLISNASaE az2yid | dzaa
recherche alimentaire des reproducteulss poussant parfois a abandonner leur @idhnson
and Ceézilly 2007)

Facteurs intrinseques

[ QN3IS RSa FfrFYlyda NRasSa Sad dzyS AYLRZNILF Yy
(Johnson and Cézilly 200Bour les deux sexes, on observe une augmentationudaes
NBLINER RdzOG SdzNJ I SO t QN3IS o0CA3ad nuod [ QSTFFSH RS
saison de reproduction. Une étude menée il y a 20 ans chez le flamar{Qézdy et al. 1997)
' Y2YUNB dzyS K2Y23FYAS L2dzNJ f QN3IS Reisedt f I F2
leré&dzf GFi RQdzy OK2AE RANBOGA2YyySt Sy@dSNm S
SELISNAYSyi{iSad /SLSYRIyGz tQN3IS YI EAYdzY RSa
ya &aSdzZ SYSyidz SiG OSGdGS NBtFGA2Yy Snoives8 f QN3
Ay@SaidAaadzsSS | SO dzyS 3L YYS RQN3IS LX dza NBLINB A
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[ QAyadlttlrdA2y RSA AYRAGARdIzZA &adzNJ £ Sa aaAi
FE£SFEG2ANBYSY( Rénddn2ha(B0dBNEtudéSa répaxtitich 8es flamants
Sy T2y OGAz2zy RS fQN3IS &adzNJ RSdzE aAaisSa g2raiya
premier offre une protection plus efficace contre les prédateurs et un succes reproducteur
plus élevé que le second. Leur étualenontré que les jeunes individus se reproduisaient en
YF22NRGS adzNJ £ S aSO2yR aAaidsS YlFAa &aSdzZ SyYSyda |
haute qualité. Ceci suggére une exclusion des sites de haute qualité des jeunes individus par
leurs airés, soulignant une distribution idéale despotique des individus sur les habitats de
reproduction.

OYFAYS RdAzZNI yi fF YARAFAOIGAZ2Y T I LINRBPOLFOA
Ff2NBR 1jdzQdzyS F2Aa €S LJ2dzaaAya N ROQSTHEETS aRIANT L
RQSt SHSNI dzy 2 Jseynthlizetddapidtr  QSy @2 f

/ KST t£S8a TFtlYlyGazr fQN3IS | LI NFAG FAYyaA o
O2YLIR2NISYS AYLIX Al dzSa RFya I NB LINR RdzO (i .
NB LINE RdzO G A Si fQFdAYSyYyuGlFdA2y RS f QKF 0 Af Al
02y asSljdsSy0S RS fF YIGdz2NI G§A2Yy LK@ aPrpdig®taRSa Ay
2012)

Méales et femelles participent a toutes les étapes de la reproduction de sorte que leurs

yua
oS a

rébles sont peu différenciés. lls expriment cependant quelques différences dans leurs
caractéristiques reproductriced.es €melles se reproduisant avant 7 ans affichent une
mortalité élevée reflétant probablement une capacité réduite a faire face aux colts
physiologiques de la reproductiqifavecchia et al. 20016 dzNJ y i €} LISNA2RS R
malessemb Sy i Ay @SAGANI L) dzi RQSYSNHAS Rlya S y?2
poussin est agéCézilly et al. 1994; Rendonat 2014 ¢ 2 dz22 dzZNE RdzNJ yi f QSf
les comportements associés au nourrissage different entre male et femelle. Les deux sexes
yQdziAf AaSyid LI a £Sa YsYSa aSOGSdz2NAR RQFfAYSyd

plus haut niveaurbphique a leur poussi(Rendon et al. 2014)
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Figuredy { dz0O0s8a NBLINRRdAzOGSdzNJ Sy F2yOlAizy RS fQ
partir de 15 cohortes différentes (individus vus en succeés / individus vus en incubation)
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Lesobjectifs de la thése

- A s LA

[ § o6dzi RS OSGiS (KsasS Saili RQSELX 2NBNJ £ QSF
flamants roses, et ce, a plusieurs étapes de la reproduction en couplant des approches
utilisées en écologie comportementale et en dynamique gepulations.

51 ya dzy LINBYASNI 0SYLAZ y2dza y2dza a2vyYyvyYSa A
[ QK2Y23FYAS LJ2dz2NJ f QN3IS Sy idGNB Sa LI NISYyl ANB:
f Q NkdKko and Lindstrom 199&)dz f A SS t dzy | (0 NR Ggrltom$é NB A (0 S
f QS E LIMBvéninOed al. 1999)Les parades nuptiales étant un moment privilégié
RQSOKIYy3ISa RQANWYVIRNIA RE®RY a2 SYyamBSiiSyR £ O0S |jd
daSEdzSfa SiG N3IS RSa AYRAGARIzAE YSylyd t OSGdGS
interrogés sur la variabilité entre individus des comportements associés aux parades
YydzZLIG A £ E&B GSA dadyt t3Sy SyiNB OSGdS O NARFGAZ
fagonné par le sexe. Pour cela nous avons relevé la frequence des différents comportements,
décrit la structure de séquences comportementales, et mesuré la coloration des qipe@gix
y2dza | g2y & NBIFNRS O02YYSyid fQN3asS Si tS &SES
OOKILIAGNBE MO® 9y adzAi S y2dza | @2ya LI2dzaasS LI dz3
comportementales des parades nuptiales en nous intéressant ectauplexité (chapitre 2).

La complexité des parades est considérée comme indicateur des performances motrices des
individus(Hebets et al. 2011; Barske et al. 2QXEt)par conséquent comme signal honnéte de

la qualité reproductrice des individus. Nous avons donc étudié la variabilité de cette
complexité entre individus Si O02YYSy G SttS LRdzlI Al siNB Si
AYRADGARdIzA® t I NJ £+ &dAGSS y2dza | g2ya SEFYAYS
O2YLRNILISYSyidlfSa RFEya fQFLLINARSYSYyG SG &dzNJ f

Dans le chapitre 3 nous nousrsmes intéressés a la fin de la reproduction en nous
F20FtAAlFYy(d &adzNJ £ O2yRAGAZ2Y O2N1LIRNBffS Rdz LR
O2YLRNISYSyida tAsSa t fF LISNA2RS RQStS@gl3as 2
f QA Yy Tt dzS yebs8quds ifins&gliedldeparents sur la condition corporelle du poussin
YyQF 2FYFA& SGS NBIFNRSS® / KST tSa SaLksoOSa fz
conséquences a court et a long terme sur sa vie fufunedstrom 1999; Nowicki et al. 2000;
Lummaa2003) Sy Ay FfdzSycel yi LRaAAGABSYSYy(d al adz2NIA

dans la population, sa future attractivité sexieeét ses futures performances reproductives,
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SGO0® ' AyaA t£Sa LINByda RSONIASYyld 2LIWGAYAASNI €

aptitude. Nous avons examiné si les parents plus agés et donc plus expérimentés produisaient

des poussins en mgure condition que les jeunes parents. De méme, la condition avant

f QSy o2 f L2 dz@l yiG Ay FtdzSYOSN) £ Sa TFdzidzNBa 0O2Y

f QAYFE dzSyO0S RS I O2yRAGA2Y RS& LI NByida f 2N

poussin, efce en interaction avec leur age en tant que parents. Et comme précédemment,

nous avons regardé si ces relations entre condition des poussins, age des parents et leur

O2YyRAGAZ2Y f2NRIjdzQAfT & SOl ASYy(d Ll2dzaaiy SiGl ASyl
5lya S OKFLAGNBE nX y2dza y2dza az2yYvySa LI I (

I o2ya SGdzRAS I @GFINAFOAEAGS RS fQN3IS £ fF LN

faconnant les stratégies d'histoire de (Btearns 1976) 9y SFFSG = f QN3IS | dz]

NBELINRRdzZA G L2 dzNJ £+ LINBYASNBE F2Aa Sad adzaoSLiA

3f 206 f R®cGrawand RasweN B9g; Oli et al. 2002; Kriiger 2005; Aubry et al. 2009)

Le but de ce chapitre est donc de comprendre quelles sont les relations entre age a la premiére

reproduction, durée de vie et succes repratieur global et comment ces relations peuvent

différer entre les deux sexes.
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Chapitre 1

In prep

Sexrelated differences in communal courtship displays of

greater flamingosPhoenicopterus roseus
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Sexrelated differences in communal courtship displays of greater flamingos,
Phoenicopterus roseus
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Abstract

In monogamous species without differentiation of sexes concerning parental care,
monomorphic signaling is expected in a context of mate choice. Howeseause of
fundamental differeices between sexes due to sexual selection, subtle difference in sexual
behaviour could remain. We examined gefated differences in courtship display of the
Greater flamingoRhoenicopterus roselysa monogamous species where both parents share
parentalduties. For that we recorded behavioural sequence of courtship display for 100
individuals, as well as their plumage coloratiatown to be an important and honest signal
of reproductive quality. We found that courtship displays followed the same pattern
regardless of sex but with slight differences. Interactions between males were more
frequent than between females and increased with age. In addition, females exhibit a more
intense pink coloration. Our study suggests therefore a higher intrasexual cdiopeti

males than in females in the Greater flamingo, and that differences in sexual behaviors
involved in mate choice could remain even if a priori there is no or slight differentiation in

parental roles between sexes.

21



22



Introduction

When the two sexes contribute equally to parental care, both of them are predicted to show
selectivity in mate choice, leading to mutual mate cho{@arwin 1871; Andersson and
Norberg 1981; Parker 1983; Jones and Hunter 1993; Johnstone et al. 1996; Bergstrom and
Real D00) This is particularly true of monogamous species, when the encounter rate between
potential mates is higkKokko and Johnstone 2002)

Parents can share parental care in two wdisst males and females can express
specifictask specializatioas parental care includes various behavi@arta et al. 2014)~or
instancein raptors, females typically incubate the eggs and chicks, while males hunt for food
for their mate and their offspringAndersson and Norberg 1981Jonsequently, necessary
reproductive skills could differ between sexes, so that males and females should express
different sexual signals reflecting their sex roles and their reproductive quality during mate
choice process.

Second, parents can divide parental care equally, by sharing each reproductive task. In
this case, reproductive skills necessary to breed ssgfadly are similar between sexes, what
should lead to similar selective pressures in both sexes in the context of sexual selection, and,
thus, to sexual monomorphisignaling(Kokko and Johnstone 2002; Kraaijeveld et al. 2007)
Hence, divergence in sexual behaviors between sexes during maiteghrocess should be
minimal in strictly monogamous species where parent duties are shared equally. However, we
can expected that some fundamental differences between sexes linked to the action of sexual
selection contribute to maintain differences in sex behaviors between sex¢kelley 1988;
Scharer et al. 2012For example, only females lay and invest in egg in oviparous species, or
LISNF2NYSR 3ISadldAz2y | yR f I Conlymalefaye fakigg speimY Y I f Q
competition.

In that respect, flamingos (Phoenicopteridae) might be a particularly-suiid
species to investigate serlated variation in courtship behavior. In all flamingo species, birds
are strictly monogamous and bo#exes share each reproductive tasks so that mutual choice
is strongly expected in these species. Nevertheless, flamingos express a sexual dimorphism,
females being generally smaller than males, suggesting that sexual differences remain.
Individuals perform conspicuous mixedex group (or communal) displays, which are

supposed to stimulate synchronous breeding and facilitate pair formation. Up to several
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thousand individuals then form dense aggregations and perform in synchrony a variety of 20
movements in anore or less stereotyped succession for several hours per day during the
prebreeding period. This kind of complex courtship display offer therefore a good opportunity
to investigate sexelated differences in sexual behavior in a monogamous species where
sexual roles seem priorisimilar. Several studies described courtship displays andetated
behavior, but only in captive flamingo. Indeed, in captive Caribbean flamingos, displays are
initiated by males, which display longer and more vigorously fearales(Rooth 1965; Kahl
1975)while h Q O 2 JRedfvdll £t al. (2004)id not detect any differences between sexes in
the frequency of displays in an other captive flock. In addition, although there are slight
differences, the general ptrn of behavioral sequences is similar between sexes in Caribbean
and Greater flaming@StuderThiersch 1975)However even if studies in captive individuals
give precious information on animal behavior, differences can be expected wilth
populations, especially in a high colonial species like flamingos. For example, from studies on
captive flocks, the greater flamingo was described as monogamous, with pair bonds extending
over consecutive seasoiiStuderThiersch 1975; Pickering 19%t)hough wild birds express
a mateswitching rate between consecutive breeding seasons of 98G%illy and Johnson
1995)

We therefore aimed tonvestigate sexelated differences in sexual behaviors in wild
flamingos toknow ifa monogamous mating system without differentiation of sexes, leads to
a monomorphic signaling in a context of mate choice or if subtle differences persist. For that
we investigated sexelated differences in courtship behavior of wild greater flamingos
(Phoenicopterus roseys) longlived colonial and monogamous species displaying multimodal
signals. The fact that individuals divorce systematically between two consecuéedibg
seasons means that individuals must invest each year in group displays in order to find a new
mate and be able to breed. During group displays, greater flamingos typically exhibit their
underwing colorations which offer a bright contrast betweerratanoid-based crimson
remiges and melanibased black ones. Carotendidsed plumage is dependent on diet (as
birds cannot synthesize carotenoide novg, and is thought to reflect current condition.
Moreover, in birds, female carotencighsed plumage abeen shown to inform about its
capacity to invest in progeny via maternal effe@tscGraw et al. 2005)indeed carotenoids
present in egg yolks and transmitted by female, play a central role during embryo

development and at hatchin@gVidller et al. 2000; Saino et al. 2003; Romano et al. 2008;
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Newbrey and Reed 2009y the greater flamingo carotenoidased plumage is known to be
an important and honest signal of reproductive quality during courtship dig@leyat et al.
2010; Freeman et al. 2016)Ve therefore take into account plumage color as a sexual signal
in addition to courtship dance in our study. During courtship display flamingos express
aggressive behaviors between sasex individual (personal observations) which could reflect
intrasexwal competition for mate accegsVeir et al. 2011; Rosvall 2011)

We first investigated seselated variation of courtship display, focusing on structure
of behavioral sequences and posture ocemces. We examined also the frequency of
aggressiveness during courtship display to assess the intrasexual competition occurring in
both sexes. As sex differences in sexual display can take place along a maturation process, we
evaluated the influence of seon courtship dance in interaction with age. We then explored

variations of carotenoidased plumage coloration between sexes.

Methods

Behavioral observations
Observations were made in the Camargue, Southern France, one of the most important
breeding sites of the Greater flamingo in the Mediterranean region | £ { P1 , &uiingl f @ H s
two consecutive seasons of courtship displays (November to March in both 2014 and 2015).
Since 1977, on average, 12 %30Pb) of the chicks fledged in the Camargue have been marked
with PVC plastic rings engraved with a three or four digit alphserical codgJohnson 1997)
allowing individual identification at distance and providing information about the age of
individuals. In addition, the sex of ringed birds has been regularly ascertained, either through
behavioral observations or thrgh blood sampling and molecular analyées I £ { PT .Sd | £ d
Ringing and sample collection of greater flamingo chicks were authorized through the
personal permit (number 405) of Alan Johnsord Arnaud Béchet delivered by the Centre de
Recherche sur la Biologie des Populations d'Oiseaux (CRBPO, Muséum national d'histoire
naturelle, France).

Using a FullHD video camera equipped \&is0x zoom (20200 mm, Panasonic Lumix
FZ72)we recorded tle behavior of ringed individuals during displays. On each occasion, we
attempted to follow a single displaying individual for up to five minutes. However, many

observations were interrupted before therfin time-period due to movements of individuals
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or because the focal bird stop displaying. We thus selected 100-fodadidual sequences of
different individuals (50 females, 50 males) where the display behavior had been recorded
continuously for five minutes. For each individual sequence, we recordegttiup size of the
courtship display, the hour of the day and the date (because such variables were previously
found to influence display behavior in flamingé¥ohnson andCézilly 2007) Behavioral
sequences were then coded using the JWatcher softw@emstein and Daniel 20Q7)
Following previous studies of the display repertoire of the Greater flam{dghnson and
Cézilly 2007)nine different postures wereecognized (Table 1). We also recorded aggressive
behaviors displayed and initiated by the focal individual. Aggressive behaviors correspond to
an aggressive contact between two individuals where a bird extended its neck and pecked at
another bird. The the spent inhead flaggingand preeningwas recorded (in seconds). The
seven other behaviors and aggressive behaviors were considered as instantaneous. The
frequency offalse feedingand twist-preenwere recorded. Asving salute inversed wing
salute scratching marching wing-leg-stretch movements and aggressive behaviors are
relatively rare over courtship boots, we focused on the absence/presence of these behaviors

rather than on their frequency.

Neck color estimate

We estimated the color of neck feathers as a proxy of the overall intensity of plumage
coloration. We scored the color intensity of displaying bird followAmgat et al. (2010but

using four color levelr more precision: (0) white (1) very pale pink (2) pale pink and (3) pink.
There was a close agreement between the two observers (CH and CP) in the assignment of
neck color scores to 26 individual with a good repeatability (iotess correlation betwee

CH and CR:= 0.805,p < 0.001). Although we used a coarse color scoring method, human
vision may provide a valid proxy for avian perception of imelividual differences in plumage
coloration(Hill et al. 1999; Seddon et 2010)

Statistical analyses

We first investigated whether the sex of individuals had an influence on the general structure
of courtship dance. For that, we combined all recorded sequences of the same sex in a unique
sequence of 250 minutes. Using the JWatcher software we insertedak lcode between

each sequences in order not to create rexistent transitions between movements so that
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the order in which the sequences were put together did not influence the result of the
analysis For each sex we calculated the probability of pastoccurrence. We then arranged
the data in one transition matrix for each sex separately. In order to reduce the number of
cells that contained zeros, we removed tharchingandwing-leg stretchmovements which
were very rare (probability of occurrenceds01 %), from the datasdty replacing them with

a break code We usedloglinear models implemented in the MASS package of R to calculate
expected transition matrix under the hypothesis of random transitions between movements in order
to see which transibns were significan(Bakeman and Gottman 1997 transition implies a
change, so the structural zeros in matrices (i.e. empty diagonal) were taken into account for
the catulation of expected transitions matrices. For each transition we then usedrzs to
identify which transitions did not result from a random process. We finally compared the
behavioral transition matrix of both sexes using tantel's permutation tesfor similarity

of the two matrices using thapepackage in RHemerik et al. 2006; Paradis et al. 2QIR)e
Mantel's permutation test permutes the rows and columns of the two matrices randomly and
calculates &-statistic. The significance of the correlations was based on 2,000 permutations
AY 2NRSN) G2 aasSaa K2 ¢zvadewhsbrél&ivad teSZ valuési dzl
generated under the null hypothesis of no association between the compared mafDes
1983)

Then we investigated if the age aneéxsof individuals had an influence on the
occurrence and duration of courtship movements within courtship boots. During the 5
minutes focal bouts, individuals spent on average 192 + 6 seconds perfonesgflagging
and 56 + 4 secondgreeningso that 83%of display duration was composed of these two
postures. Moreover,head flagging and preening durations were strongly negatively
correlated (r =- 0.87, 95% CI =0.92 ¢ -0.81) such that these two variables were not
independent. Therefore, we performed ntiwlariate multiple linear regression to determine
if there were significant changeshead flaggingime andpreeningtime according to sex and
age and their interaction. The complete model contained the interaction between sex and
age, the quadratic efie of age (thus testing for a potential effect of senescence), as well as
the hour of the day, the date of the year, the year and the interaction between year and date
as covariates. We used tmeStepfunction from thegtimt package in RCheng 2015 drop
terms from the model sequentially, using Akaike Information Criterion (AIC) (Cheng, 2013).

We conducted stepwise procedures for backward stepwise regnessiarting with all of the

27



covariates listed above. We report the model with the lowest AIC from the stepwise
procedure.

Finally we investigated the influence of the age and sex on the occurrence of courtship
movements within courtship boots. We firslsed from generalized linear model with a
Poisson distribution to analyze the occurrencefalse feeding but model assumptions
(normality and homoscedasticity of data and residuals) were not mieesolve it, we applied
a square root transformation ande used linear modeNariation in the occurrence ofvist
preenwas analyzed from generalized linear model with a Poisson distribution corrected for
overdispersion. We used generalized linear model with a binomial distribution to analyze the
occurrence ofwing salute inverse wing salutescratching, marching@nd aggressive acts
during courtship bouts. For each movement, the complete model contained the interaction
between sex and age, the quadratic effect of age, and hour of thedddg,of the year, yea
and the interaction between year and date as covariates. In the same way, we used linear
models to test the influence of sex and age on neck feather color, with the complete model
including the same variables as above. Model assumptions (i.e. normahty
homoscedasticity of residuals) were checked. From the complete model we derived a set of
all possible submodels. As date of the year and size of display group were significantly
correlated (r =0.475, 95%C# -0.643;-0.274), for all complete modelgye did not include
both variables to avoid collinearity. In this paper we showed only results with models
containing date of the year, as the same analyses run with the group size\asiable
provided similar results.

Following recent recommendatione produce model estimates comparable between
and within studiegSchielzeth 2010; Grueber et al. 201 standardized all explanatory
variables by centering and dividing by two standard deviations usingrthpackaggGelman
et al. 2015) To prevent overparameterization, we respected the sample sizeofuleumb of
10 : 1 subjects to predictors in multiple regress{btarrell 2015)Model selection was based
on Akaike Information Criterion corrected for small sample size (Ga)ham and Anderson
2002) When several models were withinnd@ICc of 2 from the best model, we employed a
model averaging approach, using theled zero methodBurnham and Anderson 2002)
implemented in theMuMIn package of B . I NJi 2 & medels within two points of AlCc
from the best oneThis allows accoumtg for model selection uncertainty in order to obtain

robust parameter estimate@Grueber et al. 2011)

28



All analyses were conducted with R 3.(R3Developmet Core Team 2014)

Results

General structure of courtship display
When combining behavioral sequences by sex over a total duration of 250 minutes, posture
occurrences seemed to follow the same pattern regardless of sexljFigowever, females
performed morepreeningandfalse feedingpostures than males.

Out of 42 possible transitions between movements, 29 were observed in females but
only 11 of these were statistically more frequent than expected by chance at the 0.05
probability level (Fig2a). In males, 27 different transitions were observed and only 10
transitions were statistically more frequent than expected by chance ZB)g.10 significant
transitions were common to both sexes. Occurrences of courtship movements and their
transition probability indicate that the underlying pattern of display was similar between
sexes. In addition, transitional matrices were highly similar between sexes (Mantel test: Z =
249772, p = 0.001).

Posture duration and occurrence within 5 min courtship boots
The final model explaininigead flaggingand preeningduration variability included the age
and the sex of individuals and their interaction as explanatory variablesne of the other
covariates significantly improved the modeé&( no other covariateseduced AIC). In female,
head flaggingand preeningduration remained constant with ag&dad flagging 3 =-1.06,
95% CIl =2.98¢ 0.85; preening 3 = 1.20, 95% CI-6.38¢ 2.78). In contrasthead flagging
duration increased with age in males whileeeningtime decreasedhead flagging 3 = 3.15,
95% CI = 1.285.03;preening 3 =-2.46, 95% CI 3.79¢ -1.13 Fig 3. 4 yrs. old males spent
around 161 seconds to do head flagging and 79 seconds to preen while 30 yrs. old males spend
around 249 seconds to do head flagging and 10 seconds to preen. The duratieadf
flagging and preeningin females were more close those of young maleshéad flagging
mean = 181.14 + 8.03 Skeening mean = 65.48 + 6.71 SE)

Forscratchingprobability, 12 models were retaindd@able 2) but model averaging did
not indicate any significant effe¢Table 3) The top model set attemptg to explain variation
in the occurrence of the five other behaviofalée feeding, wingalute, inverse wing salute,
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marching, twistpreen includes the null model (S1), smne of the variablexonsidered

seemed tanfluence theoccurrenceof these mavements.

Aggressiveness

Five models explained the presence of aggressiveness almost equally well within courtship
bouts (Table 2). Model averaging indicated an influence of sex in interaction with age on
aggressiveness probability (Table 3). Aggressiveness probability incredgisey@vin males

while it remained constant for females (males: 3 = 0.13, 95% CI = 0.@8; females: R =

0.03, 95% CI16.10¢ 0.04; Fig. 4). A 4 yrs. old male is predicted to express an aggression rate
of 0.5 while a 30 yrs. old male is predictedexpress an aggression rate of 0.96. Females

display aggressiveness at similar rate than young males (mean = 0.5 £ 0.07).

Coloration

Five models explained the intensity of neck color almost equally well in individuals
participating in courtship bouts (b 2). Model averaging indicated an influence of sex on
the intensity of neck color plumage (Table 3), with a more intense color in females than males
(Fig. 5). Variance between male and female coloration were similar (F = 0.647, db = 49,

0.13).

Disassion

Our study shows that females and males Greater flamingo performed-gumasar courtship
choreographies during their communal displays. Indeed, postures occurrences and their
transitions making up the courtship dances followed the same pattern regardfessx.
Nevertheless, with age, males increased time spent ddiegd flagging their rate of
aggressiveness and decreased the time sgeaeningwhile no change in courtship display
with age was observed for females. Moreover, females display a mones@teink plumage

than males.

The fact that courtship dance follows the same pattern in both sexes suggests that
courtship dance has the same signaling function for females and males. This is in accordance
with a previous study on complexity of courtshipnda in this species. Indeed, in addition to
explain observed pairing patterns, the complexity of courtship dance seems to be an honest

signal of individual quality as it positively influences the probability to become a breeder
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regardless of sefPerrot et al. in pressPue to the energy and time cost associated with their
realization, courtship dances have often been considered tdecefindividual motor
performance such as coordination and balaiiBgers et al. 2010; Barske et al. 2011 Apr 20)
Besides, motor skills are regularly considered in the study of behaviors that are linked to
survival, to feeding or locomotion and thus reflecting individual vigor, but also thecisgdor

an individual to perform parental ca(®yers et al. 2010)n the geater flamingo both sexes

are involved in parental care as well during the incubation stage as during chick rearing. On
the breeding site, nest density in colony can reach 3 nests pgdoithson and Cézilly 2007)

so that it is essential for individuals to present good motor coordination and dexterity to avoid
breaking their egg or hurting their chick. Motor performance during courtship dance could
therefore be an honessignal of the individual reproductive quality for both sex, explaining
why females and males displayed similar pattern of courtship dances.

Nevertheless, we found between sexes some differences in courtship display with an
increase ofhead flaggingduration and aggressiveness rate and a decreaseg@reéning
duration in males when they get older while in female these behaviors remain constant.
Preenings a solitary and static behavior often performed on the periphery of the courtship
group whilehead fhggingis performed in interaction with conspecifics. Indeed duregd
flagging individuals move close to each other (approximately 1 meter) and call loudly.
Intuitively, head flaggingseems to require more energy thgmeeningbehavior. Hence with
age males appear to invest most efforts in sexual display than females and interact
increasingly with conspecifics, more precisely with other males, and sometimes in an agonistic
way. This result is in accordance with those found in the Caribbean flamingpeces
performing similar sexual displays. In Caribbean flamingo, males initiate courtship display and
display longer and more vigorously than females (Rooth 1965); and Hinton et al. (2013)
showed that, in captive individuals, males are more aggressiae temales. This suggests
that intra-sexual competition for mate access is probably more intense in males in flamingo
specieswhich could be the result of a biased operational sex ratio (OSR) in the population,
defined as the ratio of the numbers of seXyaeceptive males and females (Emlen and Oring
1977; Kvarnemo and Ahnesjo 1996). Indeed, a biased ORS is determinant for the direction of
mating competition and for the intensity of sexual selection. More precisely, theory predicts
that a biased OSR witiake the most abundant sex compete for mates (Emlen and Oring 1977;

Clutton-Brock and Parker 1992; Kvarnemo and Ahnesjo 1996; Grant and Foam 2002). The OSR
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is primarily determined by the potential reproductive rates of the two sexes, but is also
influenced by mortality rates in the two sexes (Cluti@nock and Parker 1992; Kvarnemo and
Ahnesjo 1996; Parker and Simmons 1996). In the Greater flamingo, females starting to breed
early in age have a lower survival probability compared to males (Tavecchia2604), so
that a males are expected to outnumber females in the population, leading to a biased OSR,
potentially explaining the more intense competition between males than between females
for mate access. In year 2014 the sex ratio of displaying indigidves balanced (68 females
and 62 males), although in 2015, the sex ratio was biased in favour of males (50 females and
78 males). In addition, the effort of resighting displaying individuals was usually low so that it
is difficult to conclude about OSRaur population. So, it would be interesting to investigate
whether there is a biased OSR in favour of males at the time of courtship display in Camargue.
Alternatively, higher aggressiveness in males during courtship display could be linked
with other breeding steps. Because of fundamental differences in initial parental investment
and risk of extrgpair copulation resulting in uncertain paternity, males are expected to invest
heavily in breeding territorial acquisition and defence and in mate gaogroi monogamous
speciegBurger 1981)In the greater flamingos, to our knowledge, acquisition of nest on the
breeding island is not documented, biomate guarding is known to last several weeks before
egg layindJohnson and Cézilly 20@#)d extrapair copulations events were related in captive
birds (Pickering 1992)Consequently competitive abilities should be more required in males
to succeed reproduction, which is reflected in courtship display by their higher rate of
aggressive behaviors.
Regarding the increase with agehafad flaggingduration and aggressiveness in males,
it could be the result of an agelated dominance process during courtship display like in
other bird speciegCollis and Borgia 1992; Magafa et al. 20MQre preciselyin the case of
the Greater flamingo, older and more experienced males would dominate through aggressive
behaviors younger males which would then stop displaying or perform less intense display.
Agerelated behavioral dominance in greater flamingos has bémmd to explain the
monopolization of the best nest sites by older males in a densely populated breeding colony
in SpainRenddn et al. 2001)n addition, a positive correlation between age and aggression
in males has been observed during the gaamding period in the Caribbean flaminfjginton
et al. 2013puch aglominance hierarchy through agonistic behaviours in captive flgRlger

and Anderson 2014; Rose and Croft 208udy of interactions between individuals within

32



courtship group, through social network for example, would help to better understand the
role of age in aggressiveness.

Finally, our results show that both sexes present a similar variability in their plumage
coloration but females had a more intense pink coloration. Amat et al. (2010) found that
flamingos strengthen the intensity of their plumage color using uropygialeteons
containing carotenoids pigments througtpeeeningbehavior during the period of courtship
display. In our study females both had a more intense coloration and spent more time in
preening than males, which is consistent with their findings. Thisehigoloration intensity in
females could thus be the result of different processes which are not mutually exclusive. First,
in addition to reflecting current condition, caroteneizhsed plumage is also thought to inform
about the female capacity to invest progeny(Blount et al. 2002; McGraw et al. 2005;
Midamegbe et al. 2013¥0 that females should invest a lot in their plumage coloration to be
chosen. Alternatively, males had a higher aggression rate and spent more time displaying head
flagging, which are two behaviors strongly suspected to be costly. Hence males could be facing
two different tradeoffs. First, the increase in time spenthead flagging could come at the
expense of the time spent ipreening leading to a lower intensity of plumage coloration in
males. Second, the lower coloration in males could result from a todfii@ the allocation of
carotenoids to sefmaintenance or to plumge color(Svensson and Wong 201Due to the
cost ofhead flaggingand aggressive behaviors, carotenoids obtained through the diet could
therefore be preferentially used by ned for their antioxidant function and their other
physiological uses in order to maintain health.

In conclusion, despite the many similarities in sexual displays between males and
females Greater flamingos, both sexes express light differences probdidytireg sex
specific reproductive competences or the intensity of intrasexual selection. Hence, even in a
monogamous mating system where both sexes share parental duties, sexes remain an intrinsic

individual characteristic driving sexual behaviors dunraje access process.
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Figures captions:

Figure 1. Occurrence of courtshipostureon a total of 250 minutes of recording for each sex
(black bars: females, grey bars: malddf correspond tdheaf flaggingmovement, P to
preening FF tofalse feedingWs towing salute IS toinversed wing salutel'P totwist-preen
and S toscratching

Figure 2. Flow diagram to illustrate the significant transitiongaffemalepostures(b) male
postures. The thickness the lines is proportional to the probability eéch ofthe possible
transitionsbetween posturesiF correspond theadflaggingmovement, P tpreening FF to
false feeding WS towing salute IS to inversed wing saluteTP to twistpreenand S to
scratching

Figure 3. Relationship betweeheadflagging (full line), preening(dashed line) duration and
age of in male greater flaming®&Hoenicopterus rosepsvithin a courtship sequence of 5
minutes. Points correspond to observed values (full circlelsefadflagging duration, open
circles forpreeningduration).

Figure 4. Relationship betweeaggressiveness probabilignd age in the greater flamingo
(Pheonicopterus roseus males (full line and black circle) and females (grey circles). Points
correspond to observed valu€®int size correspond to the density of individuals having the
given value.

Figure 5. Mean (x SE) color score of neck feathers of females (N = 50) and males (N=50) in
the greater flaming@Pheonicopterus roselus
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Table 1.Behavioural repertoire of courtship display in the greater flamingo derived from
Johnson and Cézilly (2007)

Behaviours

Head Flagging

Preening

False feeding

Wing Salute

Inversed Wing
Salute

Twist-preen

Scratching

Marching

Wing-leg-stretch

Flamingos walk with their neck stretched and flag their head from
to side. This movement is thmost prolonged of the many whic
constitute a full display.

Flamingos preen their feather during several seconds, some
minutes. This behavior is often followed by a faiseding.

Flamingos dip their bill in water befotaking it out immediately.

In a sudden, rather butterfly like movement, flamingos throw open
wings to their full extent, holding them as much as 40° behind the |
of the body, for 12 secondsSince the inside of wings is composed
black remiges and crimson whogverts, this movement produces
flash of colour.

FI amingos bend forward from t
so that the cocked tail is held higher than the chest. The neck is exi
straight forward and in line with the body. At the same time, the w
are flashed partially open, providindlash of red.

In a sudden movement, flamingos twist their head and neck back
side, drop down the wing on the same side and appear to preen
the wing. An individual may repeat this movement several times
quite rapid successio

In a lowered position, flamingos scratch their neck with their feet
behind the chin.

Flamingos move together in group, first rushing in one direction,
in another.

Flamingos stretch outward one wing ahd leg on the same side fo
1-2 seconds, much as during comfort movement.
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Table 2 Model selection of the factors influencisgratching and aggressiveness probability
and the score of the neck color intensityhe greater flamingd®hoenicopterusoseus) age,
date, sex, group size, hour and year were testedadmnresponse variabModels with a

@Al Cc O 2 from the best model are represente
Response variable Models df logLik  AlCc gAICc  weight
Scratching

sex + year 3 -62.66 131.57 0 0.15
sex + date wear 4 -61.58 131.58 0 0.15
sex + date 3 -63.21 132.66 1.09 0.08
sex + age #ear 4 -62.19 132.81 1.24 0.08
year 2 -64.36 132.84 1.27 0.08
sex + age + sex : age + datgear 6 -59.99 132.89 1.31 0.08
date +year 3 -63.35 132.94 1.37 0.07
sex + age + date year 5 -61.21  133.07 1.49 0.07
sex + hour +year 4 -62.4 133.22 1.64 0.06
sex + gourp size year 4 -62.42 133.26 1.68 0.06
sex + age + sex : ageyear 5 -61.33 133.3 1.73 0.06
sex + date + hour year 5 -61.4 133.43 1.85 0.06
Aggressiveness

sex + age + sex : age 4 -56.52 121.47 0 0.34
sex + age + sex : age + date 5 -55.96 122.56 1.09 0.2

sex + age + sex : age + group size 5 -56.12 122.88 1.42 0.17
sex + age + sex : age + age? 5 -56.22  123.07 1.6 0.15
sex + age + sex : age + hour 5 -56.38 1234 1.93 0.13

Neck color

sex + age + sex : age + age?+year 7 -112.1 23941 0 0.33
sex + age + sex : age + age? 6 -113.83 240.57 1.15 0.19
sex + year 4 -116.14 240.71 1.3 0.17
sex + age + sex : aggear 6 -113.93 240.77 1.35 0.17
sex 3 -117.42 241.1 1.69 0.14
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Table 3.Modelaveraged estimates + SE and 95%CI of parameters explaining variations in
scratching probability, aggressiveness probabilitytaedscore of the neck plumaigegreater
flamingos. Theelative importance of each factor is calculabgdsumming the AIC weights
across the top models (Table 2) where the given factor appears (last column).

Response variable Parameters Estimate SE Confidence Sum of

interval weights

Scratching

intercept -0.32 0.22 (-0.75; 0.11)

year -0.95 0.55 (-2.03; 0.13) 0.92

sex -0.69 0.50 (-1.67 ; 0.29) 0.85

date 0.42 0.57 (-0.70; 1.55) 0.51

age -0.10 0.29 (-0.68 ; 0.47) 0.29

sex : age 0.18 0.57 (-0.94; 1.31) 0.14

hour -0.04 0.18 (-0.40; 0.33) 0.12

group size -0.02 0.14 (-0.29; 0.35) 0.06
Aggressiveness

intercept 0.85 0.28 (0.29; 1.40)

sex 1.72 0.55 (0.64 ; 2.81) 1

age 0.79 0.58 (-0.35; 1.94) 1

sex : age 2.72 1.20 (0.34;5.10) 1

date 0.11 0.31 (-0.50; 0.72) 0.2

group size -0.08 0.26 (-0.60; 0.45) 0.17

age? 0.10 0.42 (-0.72; 0.93) 0.15

hour -0.03 0.19 (-0.42; 0.35) 0.13
Colour

intercept 1.53 0.11 (1.31;1.74)

sex -0.38 0.16 (-0.69 ;-0.08) 1

sex : age -0.44 0.40 (-1.24 ; 0.35) 0.68

age 0.17 0.19 (-0.20; 0.53) 0.68

year 0.18 0.18 (-0.17 ; 0.54) 0.67

age? -0.26 0.31 (-0.87; 0.36) 0.52
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Supplementary materials

S1 Model selection of the factors influencifegse feeding and twist preen occurreasewell
as wing salute, inversed wing salute, marching probalnilitge greater flamingo
(Phoenicopterus roseus): age, date, sex, group size, hour and year were tested on each

response variable. Models with a . @Al Cc O 2 f
Response variable Models df logLik AlCc A | C weight
False feeding
year + date + year : date + hour 6 -125.77 264.45 0 0.14
year + date + year : date 5 -127.07 264.78 0.33 0.12
ear + sex + age + date + hour + year:c
{sex  age 9 y 9 -122.43  264.85 0.4 0.11
ggir tsextagerdatetyeardaets g 15364 26487 042 0.1
hour 3 -129.43  265.11 0.66 0.1
hour + group size 4 -128.35 265.12 0.66 0.1
null 2 -130.86 265.84 1.39 0.07
sex + age + sex : age + hour 6 -126.48 265.86 1.41 0.07
year + sex + date + hour + year:date 7 -125.36 265.94 1.49 0.07
year + sex + date + year:date 6 -126.56 266.02 1.57 0.06
sex + date 4 -128.93 266.28 1.83 0.06
Wing salute
null 1 -69.23  140.51 0 0.15
sex + age + sexage + date 5 -65.25 141.14 0.63 0.11
sex + age + sex : age 4 -66.38  141.18 0.67 0.11
date 2 -68.67  141.47 0.96 0.09
sex + age + sex : age + age? + date 6 -64.29 141.48 0.97 0.09
year 2 -68.72  141.57 1.06 0.09
sex + age + sex : age + year 5 -65.56  141.75 1.24 0.08
sex 2 -68.91  141.95 1.44 0.07
age 2 -69.12  142.37 1.86 0.06
age + age? + date 4 -67.01  142.43 1.92 0.06
sex + age + sex : age + age? 5 -65.9 142.45 1.93 0.06
age + age? 3 -68.13 142.5 1.99 0.05
Inversed wing salute
age + age? + group size 4 -53.52 115.46 0 0.16
group size 2 -55.83 115.78 0.32 0.14
sex + age + age? + group size 5 -52.86 116.37 0.9 0.1
sex + group size 3 -55.07 116.38 0.92 0.1
null 1 -57.31  116.65 1.19 0.09
sex 2 -56.36  116.85 1.39 0.08
sex + age + age? + date 5 -53.19  117.02 1.56 0.07
age + age? + date 4 -54.35 117.13 1.67 0.07
date 2 -56.56  117.24 1.78 0.07
age + age? + group size + hour 5 -53.32 117.28 1.82 0.06
sex + date 3 -55.59 117.43 1.97 0.06
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Marching

Twist preen

null

hour

year
group size
age

age + age? + date

date

null

age + age? + date + sex
age + age? + date + hour

NINDNDN P

g ok N B

-48.62
-48.05
-48.25
-48.48
-48.49

-245.92
-254.42
-258.58
-245.33
-245.37

99.29
100.23
100.62
101.08
101.11

173.41
174.65
175.28
175.29
175.32

0.94
1.34
1.79
1.83

1.24

1.86

1.88
1.9

0.34
0.21
0.17
0.14
0.14

0.37
0.2
0.15
0.14
0.14
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Abstract

The longlived greater flamingoRhoenicopterus roseus famous for performing
conspicuous group displays during which adults try to acquire a new mateyeachvith
varying success. We examined variation in the sexual display complexity (SDC) of wild
flamingos aged between 4 and 37 yrs. SDC was defined as the product of richness (the
number of different display movements) and versatility (the number of fiteorss between
movements) within a 5 min behavioral sequence. In both sexes, date in the pairing season
had a linear and positive effect on SDC, whereas age had a quadratic effect, with SDC
increasing until about age 20yrs, and declining afterwards. SR€ b&plained pairing
patterns than age, and positively influenced the probability of becoming a breeder. Our
results thus support the idea that SDC is an honest signal of individual quality and further
suggest that senescence in display could be an ookéed aspect of reproductive decline in

species with no or weak pair bonding.
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Introduction

Various animal species, including both vertebrates and invertebrates, perform sexual displays.
Such displays are considered to be complex (or elaborated) ey combine several
different movements organized in a more or less stereotyped and repetitive sequence, in
contrast with more simple displays consisting of only one or a few single moveliehts
instance, the relatively simpldisplay of male magnificent frigatebirdstegata magnificens
consists in outstretching and vibrating wings rapidly with head thrown back, and red gular
pouch fully blown out In contrast, males of severAnasduck species typically perform
complex, highly ritualized sexual displays that include several distinct motor patterns
organized in a fixed and ordered sequehte

Due to the energy and time cost associated with their production, complex displays
have often beenegarded as honest signals of individual quélifor instance, in several lek
breeding bird species, males perform complex sexual display involving different movements
such as wing beats, foot stamping and high jufmpéth displays effort predicting male mating
succes%®. However, the energetic cost of a display may not necessarily be related to its
complexity. For instance, a display can consist of a single movemantighperformed
repeatedly, such that it is energetically costly but not particularly complex. Therefore, some
particular benefits must be assiated with complexityper se Accordingly, various benefits
of complex signaling have been suggested, independently of its energetic Eosinstance,
RAFFSNByYy (G O2YLRySyidta 2F I O2YLX SE RAALX @
quality!®! or work as different signals that serve to match the variable preferences of
different receiver$’. Alternatively, complexity in display might be a form of redundancy (i.e.
the different components convey the same information) that allows for an increased accuracy
of the receiver responsé''13 or a strategy to cope with the variable transniss and
reception efficiency of different signals across different environmérits

Although each of these interpretations have received some empirical suplfitite is
known about the causes and consequences of Hmdividual variation in the complexity of
02 YLX SEé¢ aSE dz¥ So Rylgdahtitalivé siudies dfdekuabdShay complexity
(SDC) have examined-gariation between the multiple components of the display and the
signaling value of each one (é/¢9. To the best of our knowledge, no empirical study to date

has quantified SDC and related dt individual characteristics or fitness consequences. This
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might be due to the recurring difficulty in defining and quantifying complexity in bidlggyt
see?), particularly when considering multimodal displays. In addition, most, if not all, studies
of complex sexual displays concern species where one sex (usually the male) is displaying to
the other one (usually the femal&¥?%. However, complex displays can also be observed in
species with mutual mate choice, particularly among socially monogamous bird gpéties

It has been further suggested that large and dense social groups demand more
complexity in signieng because of the need to transmit information to a large number of
individualg®. In that respect, flamingos (Phoenicopteridae) might be a particularlysuétd
species to investigate intendividual variation in SDC. Flamingos are obligate colonial
breeders, and perform conspicuous mixgelx group (or communal) displ&)swhich are
supposed to stimulate synchronous breeding and facilitate pair formation. Up to several
thousand individuals then form dense aggregations and perform in synchrony a variety of
movements in a more or less stereotyped sigsien for several hours per day during thejpre
breeding period®3%33, The group display of flamingos is therefore a good example of
G O02YYdzy A O (A Z68nsdd),2ay it oriidins sedetal stucturally distinct ritualized
elements®3L Still, the diplay repertoire of flamingos remains limited in size, such that it can
be reasonably used to quantify SBG@efined here as the product of display richness (i.e. the
number of different actsn a sequence) by display versatility (i.e. the number of transitions
between acts in a sequence).

Using a crossectional approachwe investigated inteindividual variation in SDC in
the greater flamingoPhoenicopterus roseutaking advantage of amg-term study that today
results in the observation in the Camargue (southern France) of on average 3000 individually
marked birds of known sex and age each yea#lthough the species is socially monogars,
it is characterized by the total absence of lelegm pair bonding, with all pairs divorcing
systematically between two consecutive breeding sea%oriBhis means that all sexually
mature individuals must invest each year in group displays in order to find a new mate and be
able to breed. However, some birds seed to acquire mates whilst others remain unpaired.
Most of the plumage of greater flamingos is pale pink but during group displays, they typically
exhibit their underwing colorations which offer a bright contrast between caroteaisked
crimson remiges r&d melaninbased black ones (Fig. 1). Caroterbaded plumage is
dependent on diet (as birds cannot synthesize carotend&sovq, and is thought to reflect

current condition, whereas melanibased plumage is synthesized as gbyduct of amine
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acid caabolism, is under genetic control, and is likely to reflect genetic quality of individuals

In addition, such ornaments may act to enhance the apparent skill and vigor of individual
motor performance during group displdyswe provide for the first time evidence for a
guadratic age effect on SDC, suggestive of early improvement and senescence, assortative
mating for SDC among pairs of greater flamingos, and a positivencBuof SDC on the

probability of becoming a breeding individual.

Results

Theage of the focal individuals ranged from 4 to 34 years for males and from 5 to 37 for
females. Within a fiveninute courtship sequence, the number of postures varied from&, to
while the number of transitions between postures (versatility) varied between 2 and 17. SDC
scores consequently varied from 4 to 136.

Three models explained SDC almost equally well (Table 1). Model averaging indicated
a quadratic effect of age on SDKalle 2), with SDC being higher in individuals of intermediate
age compared to young and old ones. For instance, SDC was 1.7 times highgear@d
individuals compared to 6 and 34 yeald individuals (Fig. 2). SDC increased over the courtship
season(Table 2), but was not influenced by either sex or year. In the same way, quadratic
effects of age and date of courtship display were also retained in the best models explaining
variability of repertoire size and versatility of sexual display, and mod&hging indicated
both higher repertoire size and higher versatility in individuals of intermediate age compared
to young and old ones. Repertoire size was 1.2 times higher ipe&€old individuals
compared to 6 and 34 yeanld individuals and versatiji was 1.3 times higher in 2@earold
individuals compared to 6 and 34 yead individuals (Fig. 2b and Fig. 2c). As for SDC,
repertoire size and versatility increased throughout the courtship season (Table 2).

SDC was a good predictor of the future litegg status of individuals (Wilcoxgn
ManncWhitney test:W = 146.5p = 0.00), with confirmed breeders having a mean SDC score
of 61.23 (x 6.76 SEpmpared to a mean SDC scoreddfl4 (+ 4.33 SH) individuals not
confirmed as breeders (Fig. 3). Iddiion, SDC was retained in the three best models
explaining the probabilityhat an individual was observed at the colo(iyable 1). Model
averaging indicated a positive influence of SDC on breeding status (Table 2). There was no

effect of sex or age obreeding status after accounting for SDC.
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In 2015, the age difference between mates ranged between 0 and 27 yrs, with a mean
value of 7.905 (£793SE; n = 21) yrs. There was no evidence for males being older than
females in pair, or the reverse (Wilcoxomatchedpairs test: W= 115.5,p = 0.708. The
observed mean age difference between mates was within the confidence interval of the
simulated distribution based on random matirgds=7.905 95%GCistribution = [7.429; 13.048];
Fig. 4a), indicating thaage did not significantly affect pairing patterns. In contrast, the
observed mean difference in agelated SDC between mates lied outside of the confidence
AYGSNDIE 2F GKS aAYdzZ | 6§SR RAATORD HBUGhdudye 0 & SR
[7.721, 12.779]Fig. 4b), thus suggesting homogamy for SDC.

Discussion
Our study provides strong support for the hypothesis that $BxCseis an honest signal of
individual quality involved in mate choitim the greater flamingo. SDC, defined here as the
product of display richness by displaversatility, varied extensively between individual
flamingos, with no difference between sexes, and this variation was partly explained by
variation in both the date of observation and the age of individuals. In turn, SDC positively
influenced the probaliity of becoming a breeding individual, being about 50% higher in
confirmed breederss not confirmed breeders. Taken together, our results suggest that high
SDC in greater flamingos signals high individual quality and current,\agdr hence, superior
competitive ability to secure a nest site on a crowded breeding island wheresaitcassting
space is very limited. SDC in flamingos could then play a role analogous to song complexity
in songbirds, where males with high song complexity have been shown to obtain high quality
territories and be more efficient at defending thém

The signal value of SDC and its energy cost may further expéaobserved increase
in SDC through time, independently of age. Although high quality individuals might be able to
pay the full energy cost of complex displays early in the pairing season, lower quality
individuals might not be able to perform costly colepdisplays, particularly at the beginning
of the pairing season, between November and January, when temperatures are at the lowest
in the Camargue (average temperatures of 9.4°C with minima near 1°C). However, towards
the end of the winter, as temperates increase (average temperature of 11.2°C with minima
near 7°C in March 2015) individuals still unpaired may ultimately increase their display effort

in a final attempt to attract a breeding partner. This interpretation does not rule out other
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phenomenasuch as an increase in hormone levels due to sustained social stimttaifitwe
existence of such a mechanism could be investigated in captive flocks of flamingos.

The fact that ageelated variation in SDC better explains the observed pairing patterns
than ag itself further reinforces the idea that SDC signals individual quality. As incubation and
chick provisioning duties are equally shared between the male and the female in pairs of
greater flamingos, mutual mate choice for quality is expected, thus leadiragsortative
mating for quality as reflected in SDC. Aggsortative mating had previously been reported
in the Camargue population of greater flamingfpscontrasting with the present results.
However, in that earlier study, the age of individuals ranged only from 3 to 15 yrs, whereas in
the present one the age of pad birds that were ringed varied between 4 and 37 yrs. The
pattern of ageassortative mating previously reported could then simply result from the
positive association between age and SDC in younger age classes. Our results show that very
old individuals an actually be paired with young ones, as they happen to be similar in terms
of display complexity.

Our most important result may however lie in the observed quadratic effect of age on
SDC, suggestive of improved motor performance with increasing dtpeyéa by a period of
senescence. This is, to the best of our knowledge, the first evidence for senescence affecting
a sexual motor display. It is however in accordance with some previous results on the
relationship between age and sexual display. Foraimsg, a quadratic relationship between
lek attendance (but not fighting rate or distance to the center of the lek) and age has been
reported in male black grouée while a concave relationship between song consistency (but
not repertoire size) and age hasen observed in a frelving population of great titdParus
major*2. In the present study, a quadratic effect of age was detected on both repertoire size
and the number of transitions between movements, indicating that both components of
motor displayare affected by senescence.

The observed increase in SDC during early life suggests that flamingos may acquire
their motor competences progressively through a maturation protestowever, this result
is based ora crosssectional study, with each individual having been sampled only once, in
one of two consecutive breeding seasons. As withifividual variation has not been taken
into accountthe observed pattern could have begenerated by the disappearance of poor
quality individuals and/or the appearance of highality individuals with ag&. A longitudinal

study of SDGnvolving the collection of repeated display sequences of the same individual at
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different ageswould be necessary togliriminate between the two processddowever, this
approach would not be easy to apply, as the collectibfield data across several years would
be labor intensive, and the probability of-observing the same individuals over multiple
seasons rather lo, given the high dispersal of flamingos between breeding colonies in the
Mediterranean region and their irregular breeding at that regional $€a8tich an approach
might however be possible using captive flocks of flamingos.

Symmetrically, the observed decrease in SDC after age 20 likely reflects reproductive
senescence in wild flamingos. Alternatively, old birds might be more expederat
successfully acquiring a reproductive partner, and a lower SDC could simply correspond to a
modulation of their investment in sexual dispt@yHowever, this explanation is unlikely as the
probability to become a breeder increased with increasing SDC for both males and females.
On the other hand, competing for mates may incur substantial costs, particularly when
individuals need tanvest heavily in the production of sexual signals to attract a reproductive
partner. As engaging in group displays must be energetically demanding in flamingos (as it has
been shown in other bird speci#&®), it may increase metabolic rate and, hence the
production of reactive oxygen species that can damage biomolecules, unless regulated by
enzymatic and no®nzymatic antioxidant systerffs Interestingly, a quadratic age effect has
been found inresistance to oxidative stress in a captive population of greater flamthgos
Similar to SDC in the present study, resistance to oxidative stress increased for age between 0
and 15yrs to reach an asymptote between 16 and 25yrs, and finally slightly decreased at older
ages. Oxidative stress may then limgplay effort in wild greater flamingos and could explain
the observed quadratic relationship between SDC and age observed in the present study.

Previous studies on greater flamingos in the wild reported an increase in survival,
breeding propensity andreeding success with age, but failed to detect any pattern of
senescenc®*®. However, the maximum age of individuals included in thesdiss was 20
yrs. Still, as flamingos divorce each y&asenescence may actually take place early in the
reproductive season, at the time of pairing and acts as a filter. More precisely, only the best
individuals among the older ones could manage to find a partner and consequently,
senescence might not be detected afterwards. Our results thus suggest that the influence of
the dynamics of pair bonding and that of costly and complex sexual displays on patfern

reproductive senescence in the wild deserve further consideration.
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Methods

Behavioral observations

Observations were made in the Camargue, Southern France, one of the most important
breeding sites of greater flamingos in the Mediterranean retfioduring two consecutive
seasons of courtship displays (November to March in both 2014 and 2015). Since 1977, on
average, 12 % {30%) of the chicks fledged in the Camargue have been marked with PVC
plastic rings engraved with a three or four digit alphanumerical ebddlowing individual
identification at distance and providing information about the age of individuals. In addition,
the sex of ringed birds has been regularly ascertained, through behavioral observations or
through blood sampling and molecular analgeRinging and sample collection of greater
flamingo chicks were authorized through the personal permit (number 405) of Alan Johnson
and Arnaud Béchet delivered by the Centre de Recherche supliegi®# des Populations
d'Oiseaux (CRBPO, Muséum national d'histoire naturelle, France).

Using a FullHD video camera equipped \&ai0x zoom (20200 mm, Panasonic Lumix
FZ72)we recorded the behavior of ringed individuals during displays. On each atcas
attempted to follow a single displaying individual for up to five minutes. To that end, we first
located a display group at a distance of less than 300 meters, at which the code engraved on
a flamingo ring is readablieand at which good quality videos can be recorded. We then
looked for a ringed individual displaying within the courtship group and started recording its
behavior. In addition, we recorded, for each individual sequence, the size oidplaylgroup
(ranged from 9 to 130 individuals), the hour of the day and the date (as such variables were
previously found to influence display behavior in flamirf§osHowever, many observations
were interupted before that time due to movements of individuals, agonistic interactions, or
because the focal bird stopped displaying. We thus randomly selected 106@irfdoatlual
sequences of different individuals (50 females, 50 males) where the displayibehas been
recorded continuously for five minutes. Behavioral sequences were then coded using the
JWatcher software in order to estimate courtship complexity. Following previous studies of
the display repertoire of the greater flamingfpnine different postures were recognized (Fig.

5).
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Displaycomplexity

We analyzed sexual displays of greater flamingos as sequences of discrete postures
from a finite repertoire, and relied on a simple method, widely used in the study of bird song,
to assess complexity. Followhig®, we defined sexal display richness as the number of
different postures in a sequence (i.e. repertoire size), and versatility as the number of
transitions between different postures in a sequence. SDC was then calculated as the product
of display richness and display vatiBty. Thus, complex sexual displays correspond to
sequences where numerous transitions occur between a maximum number of postures,
whereas simple ones correspond to monotonous sequences with high continuity and low

versatility.

Statistical analyses

We first investigated if the age and sex of individuals had an influence on the variability of
display complexity, repertoire size and versatility, using generalized linear modiess.
complete model contained the interaction between sex and age, the quadeffiect of age

(thus testing for a potential effect of senescence), as well as group size, hour of trdatay,

of the year, year and the interaction between year and date as explanatory variables. Model
assumptions (i.e. normality and homoscedastiaity residuals) were checked. From the
complete model we derived a set of all possible submodels. As group size and date were
significantly correlated (r =0.475, 95%C+ -0.643;-0.274), we removed models containing
both variables from the set of models &wvoid collinearity.

To investigate the influence of courtship complexity on the subsequent breeding
probability we assigned a score to each individual according to their observed reproductive
status at the Fangassier breeding colony in the Camarguéndividual was considered to
have been breeding if it was seen at the same place on the breeding island for at least 48
hours, or if it was seen with an egg or rearing a chickfseedetails). Any flamingo not seen
at the colony, or seen at the colony but not in one of the previously described states, was
considered as a noebreeding individual. The analysis was restricted to the 2015 data set,
because flamingos bred at a diffetdncation in 2014, where continuous monitoring was not
possible. First we compared SDC between-bmeding (N=43) and breeding individuals
(N=13), using a tweided WilcoxorgManncWhitney test. Next, we usedyeneralized linear

models with a binomial digibution to test the influence of courtship complexity on breeding
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probability. The complete model contained courtship complexity, sex, age and the quadratic
effect of age as explanatory variables. Model assumptions (i.e. normality and
homoscedasticity ofesiduals) were checked.

Following recent recommendations to produce model estimates comparable between
and within studie%® %", we standardized all explanatory variables by centering and dividing by
two standard deviations using tharm packagé® To prevent overparanterization, we
respected the sample size ruté thumb of 10 : 1 subjects to predictors in multiple
regressioR®. Model selection was based on Akaike Information Criterion corrected for small
sample size (AICE) When gveral models were within pAICc of 2 from the best model, we
employed a model averaging approach, using theated zero metho® implemented in the
MuMIn package of R on models within two points of AlCc from the best ofhis allowed us
to account for model selection uncertainty in order to obtain robust parameter estimates

Analyses on assortative mating were performed on a sample of pairs (N=21) with both
partners ringed observed in 2015. We first examined -aggortative mating using the
absolute value of age difference between members of the same pair. We exdimreze the
observed mean age difference was situated within its theoretical distribution under the
assumption of random pairing with respect to age (1000 simulations). As courtship complexity
had not been measured on the same individuals, we used theigtestivalues of complexity
according to age from the previous model to allocate a score of complexity to each individual.
We then relied on the same procedure to test for assortative mating for courtship complexity.

All analyses were conducted with R 3%.
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Figure legends:

Figure 1. Group displays of greater flamingos in the Camargue (Photography by Benjamin

Vollot).

Figure 2. Quadratic relationship between age and a) SDC b) courtship repertoire size c)
courtship versatility of individuals in thgreater flamingo according to model 1 (age +%age

date) for the tree variable, with date fixed at February 3. Individual points correspond to the
arithmetic mean of observed SDC, repertoire size or versatility per age + SE when there was

more than 1 obsrvation.

Figure 3. Mean (= SE) SDC of individuals confirmed (43) and not confirmed (13) as breeders at

the breeding colony in the year 2015.

Figure 4. a) Distribution of mean age difference under the assumption of random pairing with
respect to age. Fulines correspond to the upper and lower 95% confidence limits, dashed
line corresponds to the observed mean of age difference between mates in our sample of
flamingo pairs. b) Distribution of mean SDC differences under the assumption of random
pairing wih respect to complexity. SDC values were inferred from age according to the
relationship SDC ~ age + age? + date (model 1, tablel). Full lines correspond to the upper and
lower 95% confidence limits, dashed line corresponds to the mean of inferred SE&x€rdiéf

between mates in our sample of flamingo pairs.

Figure 5. Behavioral repertoire of SDC in the greater flamingo derived from Johnson and Cézilly

(2007). (Drawings by Samuel Hilaire).

69



Fig.1

70






























































































































































































































































































































