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Résumé 

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

ǾŀǊƛŀōƛƭƛǘŞ Ŝǎǘ ǎǘǊǳŎǘǳǊŞŜ ǇŀǊ ƭΩŃƎŜ Ŝǘ ƭŜ ǎŜȄŜ Ƴŀƛǎ ŀǳǎǎƛ ǇŀǊ ŘŜǎ ŦŀŎǘŜǳǊǎ ƛƴŘƛǾƛŘǳŜƭǎ ƴƻƴ ŘƛǊŜŎǘŜƳŜƴǘ 

observablŜǎΦ 5ŀƴǎ ŎŜǘǘŜ ǘƘŝǎŜΣ ƧŜ ƳŜ ǎǳƛǎ ƛƴǘŞǊŜǎǎŞŜ Ł ƭΩƛƴŦƭǳŜƴŎŜ ŘŜ ƭΩŃƎŜ Ŝǘ Řǳ ǎŜȄŜ ǎǳǊ ƭŜǎ ǘǊŀƛǘǎ ǊŜǇǊƻŘǳŎǘŜǳǊǎ 

à différenteǎ ŞǘŀǇŜǎ ŘŜ ƭŀ ǊŜǇǊƻŘǳŎǘƛƻƴ Řǳ ŦƭŀƳŀƴǘ ǊƻǎŜ ŀƛƴǎƛ ǉǳΩŁ ƭΩƛƴŦƭǳŜƴŎŜ ŘΩǳƴŜ ƳŜǎǳǊŜ ǇƻǘŜƴǘƛŜƭƭŜ ŘŜ 

qualité phénotypique, la condition corporelle des parents avant leur envol, sur la condition corporelle de leur 

ǇƻǳǎǎƛƴΦ 9ƴŦƛƴΣ ƧΩŀƛ ŜȄŀƳƛƴŞ ƭΩŜŦŦŜǘ ŘŜ ƭΩŃƎŜ ŘŜ ǇǊŜƳƛŝǊŜ ǊŜǇǊƻŘǳŎǘƛƻƴ ǎǳǊ ƭŜ ƴƻƳōǊŜ ŘŜ ƧŜǳƴŜǎ ǇǊƻŘǳƛǘǎ ǇŀǊ ǳƴ 

individu durant sa vie.  

Durant la parade nuptiale, nous avons montré que les séquences comportementales ne différaient pas entre 

les sexes. Cependant les femelles exhibent une coloration plus intense et les mâles présentent des 

ŎƻƳǇƻǊǘŜƳŜƴǘǎ ŀƎƻƴƛǎǘƛǉǳŜǎ ŘŜ Ǉƭǳǎ Ŝƴ Ǉƭǳǎ ŦǊŞǉǳŜƴǘǎ ŜƴǘǊŜ ŜǳȄ ŀǾŜŎ ƭΩŃƎŜΦ bƻǳǎ ŀǾƻƴǎ ŀǳǎǎƛ Ƴƛǎ Ŝƴ ŞǾƛdence 

ǳƴ ŜŦŦŜǘ ǉǳŀŘǊŀǘƛǉǳŜ ŘŜ ƭΩŃƎŜ ǎǳǊ ƭŀ ŎƻƳǇƭŜȄƛǘŞ ŘŜǎ ǎŞǉǳŜƴŎŜǎ ŎƻƳǇƻǊǘŜƳŜƴǘŀƭŜǎΣ ǎǳƎƎŞǊŀƴǘ ǳƴ ǇǊƻŎŜǎǎǳǎ ŘŜ 

maturation chez les jeunes et de la sénescence chez les plus âgés. Cette complexité apparait être impliquée 

dans le choix du partenaire et être ǳƴ ǎƛƎƴŀƭ ƘƻƴƴşǘŜ ŘŜ ƭŀ ǉǳŀƭƛǘŞ ŘŜ ƭΩƛƴŘƛǾƛŘǳΦ 5ǳǊŀƴǘ ƭŀ ǇŞǊƛƻŘŜ ŘΩŞƭŜǾŀƎŜΣ 

nous avons trouvé une relation positive de la seule condition corporelle des pères quand ils étaient poussins 

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

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

reproductives. Bien que les individus atteignent leur maturité sexuelle à 3 ans, mâles et femelles retardent leur 

première reproduction à un âge moyen de  6-т ŀƴǎΦ /ΩŜǎǘ ƭΩŃƎŜ ƻǇǘƛƳŀƭ ǇƻǳǊ ƭŜ ƴƻƳōǊŜ ǘƻǘŀƭ ŘŜ ƧŜǳƴŜǎ ǇǊƻŘǳƛǘǎ 

Řŀƴǎ ƭŜǳǊ ǾƛŜ ǇƻǳǊ ƭŜǎ ŦŜƳŜƭƭŜǎ Ƴŀƛǎ ŎŜ ƴƻƳōǊŜ ŘƛƳƛƴǳŜ ŎƻƴǎǘŀƳƳŜƴǘ ŀǾŜŎ ƭΩŃƎŜ ŎƘŜȊ ƭŜǎ ƳŃƭŜǎΦ 5Ŝǎ ŞƭŞƳŜƴǘǎ 

semblent indiquer que les jeunes mâles pourraient être exclus de la reproduction par leurs ainés durant la 

formation des couples.  

/ŜǘǘŜ ǘƘŝǎŜ ƳŜǘ Ŝƴ ŀǾŀƴǘ ƭΩƛƳǇƻǊǘŀƴŎŜ ŘŜ ƭΩŃƎŜ Ŝǘ Řǳ ǎŜȄŜ Řŀƴǎ ƭŀ ǾŀǊƛŀǘƛƻƴ ŘŜǎ ǘǊŀƛǘǎ ǊŜǇǊƻŘǳŎǘŜǳǊǎ ŎƘŜȊ ǳƴŜ 

espèce longévive. Nous soulignons la nécessaire prise eƴ ŎƻƳǇǘŜ Řǳ ǎŜȄŜ Řŀƴǎ ƭΩŞǘǳŘŜ ŘŜǎ ŎƻƳǇƻǊǘŜƳŜƴǘǎ 

reproducteurs même chez les espèces monogames où les rôles parentaux sont peu différenciés. Enfin, nous 

ŀǘǘƛǊƻƴǎ ƭΩŀǘǘŜƴǘƛƻƴ ǎǳǊ ƭŀ ƴŞŎŜǎǎƛǘŞ ŘΩƛƴǘŞƎǊŜǊ ƭΩŀŎŎŝǎ Ł ƭŀ ǊŜǇǊƻŘǳŎǘƛƻƴ Ŝƴ ŀƳƻƴǘ Řǳ ŎȅŎƭŜ ŘŜ ƴƛŘƛŦƛŎŀtion pour 

avoir une meilleure compréhension des facteurs menant à cette variabilité.     

 

Abstract 

In wild population, we observe a high variability of reproductive success between individuals. This variability is 

generally structured by age and sex but also by individual factors not directly observable. In this thesis, I 

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 phenotypic quality, the early body condition of 

parents, on the body condition of their chick. Finally, I examined the effect of age at first reproduction on 

lifetime reproductive success. 

During courtship display we showed that behavioral sequences were similar between sexes. 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 individuals 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 body condition of their chicks and this whatever their age. This 

highlighted sex-related differences in long-term consequences of early body condition on reproductive 

performances. Although individuals reach sexual maturity at 3 years, males and females delay reproduction to 

a mean age of 6-7 years. This correspond to the  optimal age to maximize lifetime reproductive success in 

females, while in males more they breed early for the first time, more their lifetime reproductive success is 

high. Elements suggest that young 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 a long ςlived species. 

We emphasize the importance to take into account the sex of individuals in the study of reproductive behaviors 

even for monogamous species where sex 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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LƴǘǊƻŘǳŎǘƛƻƴ  

Variabilité entre individus 

[ΩǳƴŜ ŘŜǎ Ǉƭǳǎ ƎǊŀƴŘŜǎ ŀǾŀƴŎŞŜǎ ŘŜ 5ŀǊǿƛƴ Ŧǳǘ ŘŜ ǊŜŎƻƴƴŀƞǘǊŜ ǉǳΩŀǳ ǎŜƛƴ ŘΩǳƴŜ ƳşƳŜ 

espèce, les individus expriment une grande variation dans leurs traits morphologiques, 

physiologiques ou comportementaux (Darwin 1871). Cette variabilité interindividuelle est la 

ǊŞǎǳƭǘŀƴǘŜ ŘΩƛƴǘŜǊŀŎǘƛƻƴǎ ŎƻƳǇƭŜȄŜǎ ŜƴǘǊŜ ƭŜǎ ŎŀǊŀŎǘŞǊƛǎǘƛǉǳŜǎ ƎŞƴŞǘƛǉǳŜǎ Ŝǘ ƭŜǎ ŎƻƴŘƛǘƛƻƴǎ 

environnementales expérimentées par les individus. Elle conduit à une hétérogénéité dans les 

ǘǊŀƛǘǎ ŘΩƘƛǎǘƻƛǊŜ ŘŜ ǾƛŜ ǘŜƭǎ ǉǳŜ ƭŀ ǎǳǊǾƛŜ Ŝǘ ƭŜ ǎǳŎŎŝǎ ǊŜǇǊƻŘǳŎǘŜǳǊ Ŝǘ ŘƻƴŎ Ł ǳƴŜ ŎŀǇŀŎƛǘŞ 

différentielle des individus à transmettre leurs gènes à la génération suivante (aptitude 

phénotypique, « fitness en anglais »).  Cette hétérogénéité est constituéŜ ŘΩǳƴŜ ŎƻƳǇƻǎŀƴǘŜ 

ǎǘŀōƭŜΣ ŎΩŜǎǘ-à-dire que les différences entre individus sont fixées en début de vie puis 

constantes au cours de la vie (ex. facteurs génétiques, environnementaux, parentaux), et 

ŘΩǳƴŜ ŎƻƳǇƻǎŀƴǘŜ ŘȅƴŀƳƛǉǳŜ ǇƻǳǾŀƴǘ ǾŀǊƛŜǊ ŀǳ ŎƻǳǊǎ ŘŜ ƭŀ Ǿie des individus (ex. expérience, 

senescence, etc.).   

Diversité génétique 

Le génotype est la composition allélique de tous les gènes ŘΩǳƴ ƛƴŘƛǾƛŘǳΦ Lƭ Ŝǎǘ ƘŞǊƛǘŞ 

des parents. Les gènes sont des séquences nucléotidiques (en l'occurrence, d'ADN) qui codent 

pour des protéines affectant les propriétés des cellules, unités de base des organismes 

ƳǳƭǘƛŎŜƭƭǳƭŀƛǊŜ Řƻƴǘ ƭΩƻǊƎŀƴƛǎŀǘƛƻƴ ǇǊƻŘǳƛǘ ƭΩŜƴǎŜƳōƭŜ ŘŜǎ ŀǘǘǊƛōǳǘǎ ŘŜ ƭΩƻǊƎŀƴƛǎƳŜ ŀǇǇŜƭŞ 

ǇƘŞƴƻǘȅǇŜΦ [Ŝ ǇƘŞƴƻǘȅǇŜ ŘŜǎ ƛƴŘƛǾƛŘǳǎ Ŝǎǘ ŀƛƴǎƛ ƭΩŜȄǇǊŜǎǎƛƻƴ ǾƛǎƛōƭŜ Řǳ ƎŞƴƻǘȅǇŜ Řŀƴs un 

ŜƴǾƛǊƻƴƴŜƳŜƴǘ ŘƻƴƴŞΦ !ǳ ǎŜƛƴ ŘΩǳƴŜ ŜǎǇŝŎŜΣ ƭŜǎ ƎŝƴŜǎ ŎƻŘŀƴǘ ǇŜǳǾŜƴǘ ǾŀǊƛŜǊ ŘΩǳƴ ƛƴŘƛǾƛŘǳ Ł 

ƭΩŀǳǘǊŜ Ŝǘ ŎŜ ŘŜƎǊŞ ŘŜ ǾŀǊƛŞǘŞ Ŝǎǘ ŘŞŦƛƴƛ ŎƻƳƳŜ ƭŀ ŘƛǾŜǊǎƛǘŞ ƎŞƴŞǘƛǉǳŜ ŘŜ ƭΩŜǎǇŝŎŜ. Chaque 

ǾŀǊƛŀƴǘ ŘŜ ŎŜ ƎŝƴŜ ŎƻǊǊŜǎǇƻƴŘ Ł ǳƴ ŀƭƭŝƭŜΦ [Ŝǎ ŀƭƭŝƭŜǎ ŘΩǳƴ ƳşƳŜ ƎŝƴŜ peuvent aboutir à des 

protéines fonctionnellement identiques, sans conséquence sur le phénotype, mais aussi à des 

protéines différentes et donc à des phénotypes différents. La diversité génétique génère donc 

ǳƴŜ ŘƛǾŜǊǎƛǘŞ ǇƘŞƴƻǘȅǇƛǉǳŜ ŀǳ ǎŜƛƴ ŘŜ ƭΩŜǎǇŝŎŜ et est par conséquent responsable, du moins 

en partie de la diversité des traits morphologiques, physiologiques, et comportementaux liés 

à 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
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Plasticité phénotypique 

La plasticité phénotypique est définie comme la gamme de variations des phénotypes 

ǉǳŜ ǇŜǳǘ ǇǊŜƴŘǊŜ ǳƴ ƎŞƴƻǘȅǇŜ ǎƻǳǎ ƭŜǎ ŜŦŦŜǘǎ ŘŜ ƭΩŜƴǾƛǊƻƴƴŜƳŜƴǘ (Clobert and Sinervo 2016). 

[ΩƘŞǘŞǊƻƎŞƴŞƛǘŞ ŘŜ ƭΩŜƴǾƛǊƻƴƴŜƳŜƴǘ Řŀƴǎ ƭΩŜǎǇŀŎŜ Ŝǘ Řŀƴǎ ƭŜ ǘŜƳǇǎΣ ǉǳΩƛƭ ǎƻƛǘ ōƛƻǘƛǉǳŜ ƻǳ 

ŀōƛƻǘƛǉǳŜ ƎŞƴŝǊŜ ŀƭƻǊǎ ǳƴŜ ŘƛǾŜǊǎƛǘŞ ǇƘŞƴƻǘȅǇƛǉǳŜ ŀǳ ǎŜƛƴ ŘΩǳƴŜ ƳşƳŜ ŜǎǇŝŎŜ Ŝǘ Ǉŀr 

conséquent une diversité des traits individuels liés à la reproduction. Cette plasticité peut être 

ƭŜ ǊŜŦƭŜǘ ŘΩǳƴŜ ǊŞǇƻƴǎŜ ŀŘŀǇǘŀǘƛǾŜ Ł ƭΩŜƴǾƛǊƻƴƴŜƳŜƴǘΣ Ƴŀƛǎ Ǉŀǎ ǘƻǳƧƻǳǊǎΦ tŀǊŦƻƛǎ ƛƭ ǎΩŀƎƛǘ 

ǎƛƳǇƭŜƳŜƴǘ Řǳ ǊŜŦƭŜǘ ŘŜ ŎƻƴǘǊŀƛƴǘŜǎ ƛƳǇƻǎŞŜǎ ǇŀǊ ƭΩŜƴǾƛǊƻƴƴŜƳŜƴǘ ǎǳǊ ƭΩƻǊƎŀƴƛǎƳŜ ŘŜ 

ƭΩƛƴŘƛǾƛŘǳ (Monaghan 2008). Les génotypes peuvent tous répondre de la même manière à 

ƭΩŜƴǾƛǊƻƴƴŜƳŜƴǘ ƻǳ ŘƛŦŦŞǊŜƳƳŜƴǘΦ {ƛ ƭŜǎ ǊŞǇƻƴǎŜǎ ŘƛŦŦŝǊŜƴǘΣ ƛƭ ȅ ŀ ŀƭƻǊǎ ǾŀǊƛŀǘƛƻƴ Řŀƴǎ ƭŀ 

plasticité phénotypique, ce qui peut là aussi mener à de la diversité phénotypique. Le 

ƎŞƴƻǘȅǇŜΣ ƭΩŜƴǾƛǊƻƴƴŜƳŜƴǘ Řŀƴǎ ƭŜǉǳŜƭ ŞǾƻƭǳŜƴǘ ƭŜǎ ƛƴŘƛǾƛŘǳǎ ŀƛƴǎƛ ǉǳŜ ƭŜǳǊǎ interactions sont 

ŀƛƴǎƛ ǎƻǳǊŎŜ ŘŜ ǾŀǊƛŀǘƛƻƴ ŘŜǎ ǇƘŞƴƻǘȅǇŜǎ ŀǳ ǎŜƛƴ ŘΩǳƴŜ ǇƻǇǳƭŀǘƛƻƴΦ   

La plasticité phénotypique peut être réversible ou non et se manifester à divers 

ƳƻƳŜƴǘǎ ŘŜ ƭŀ ǾƛŜ ŘŜ ƭΩƛƴŘƛǾƛŘǳΦ [ŀ ǇƭŀǎǘƛŎƛǘŞ ǇǊŜƴŀƴǘ ǇƭŀŎŜ ŀǳ ƳƻƳŜƴǘ Řǳ ŘŞǾŜƭƻǇǇŜƳŜƴǘ a 

Ŧŀƛǘ ƭΩƻōƧŜǘ ŘΩǳƴ ƛƴǘŞǊşǘ ǇŀǊǘƛŎǳƭƛŜǊ ŎŜǎ ŘŜǊƴƛŝǊŜǎ ŀƴƴŞŜǎΦ Lƭ Ŝƴ ǊŜǎǎƻǊǘ ǉǳŜ ƭŜǎ ŎƻƴŘƛǘƛƻƴǎ ǇǊŞ- 

et post-natales dans lesquelles se développent les individus influent directement sur le 

ǇƘŞƴƻǘȅǇŜ ŘŜǎ ƧŜǳƴŜǎΣ Ƴŀƛǎ ǉǳΩŜƭƭŜǎ ƻƴǘ ŀǳǎǎƛ ŘŜǎ ŎƻƴǎŞǉǳŜƴŎŜǎ Ł ƭong-terme, notamment 

sur les caractéristiques reproductrices des individus et par conséquent sur leur succès 

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

Patrons généraux de variabilité individuelle des traits reproducteurs  

  La variabilité individuelle des traits reproducteurs due à des différences latentes entre 

individus est parfois difficile voire impossible à mesurer (« hétérogénéité cachée »). 

Néanmoins dans les populations animales, on observe généralement une structuration de la 

variation des traits reproducteurs en fonction de divers attributs individuels dont les plus 

ǊŜŎƻƴƴǳǎ ǎƻƴǘ ƭŜ ǎŜȄŜ Ŝǘ ƭΩŃƎŜ (Short and Balaban 1994; Forslund and Pärt 1995; McNamara 

and Houston 1996).  
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Age 

[Ŝǎ ǇŀǘǊƻƴǎ ŘŜ ǾŀǊƛŀǘƛƻƴ ŘŜǎ ǘǊŀƛǘǎ ǊŜǇǊƻŘǳŎǘŜǳǊǎ ƭƛŞǎ Ł ƭΩŃƎŜ ǎƻƴǘ ŦǊŞǉǳŜƴǘǎ Řŀƴǎ ƭes 

ǇƻǇǳƭŀǘƛƻƴǎ ƴŀǘǳǊŜƭƭŜǎΣ Ŝƴ ǇŀǊǘƛŎǳƭƛŜǊ ŎƘŜȊ ƭŜǎ ŜǎǇŝŎŜǎ ŘΩƻƛǎŜŀǳȄ Ŝǘ ŘŜ ƳŀƳƳƛŦŝǊŜǎ ƭƻƴƎŞǾƛŦǎ 

(Curio 1983; Clutton-Brock 1988; Lunn et al. 1994; Forslund and Pärt 1995; Martin 1995; 

Hewison and Gaillard 2001; Reid et al. 2003; Mauck et al. 2004; Beauplet et al. 2006). Ces 

espèces partagent généralement le même patron : la performance reproductrice augmente 

ŘǳǊŀƴǘ ƭŜǎ ǇǊŜƳƛŝǊŜǎ ŀƴƴŞŜǎ ŘŜ ǾƛŜ ƧǳǎǉǳΩŁ ŀǘǘŜƛƴŘǊŜ ǳƴ ǇƭŀǘŜŀǳΣ Ǉǳƛǎ ǇŀǊŦƻƛǎ ƻƴ ƻōǎŜǊǾŜ ǳƴŜ 

diminution de ces performances pour les âges les plus avancés. Par exemple, chez le Grand 

Albatros Diomedea exulans, le succès reproducteur, augmente progressivement et 

ƭƛƴŞŀƛǊŜƳŜƴǘ ŜƴǘǊŜ ƭΩŃƎŜ ŘŜ ǇǊŜƳƛŝǊŜ ǊŜǇǊƻŘǳŎǘƛƻƴ όу ƻǳ ф ŀƴǎύ Ŝǘ ƭΩŃƎŜ ŘŜ ŜƴǾƛǊƻƴ мн ŀƴǎ Τ 

ǇǳƛǎΣ ƛƭ ǎŜƳōƭŜ ǎŜ ǎǘŀōƛƭƛǎŜǊ ƻǳ ŘŞŎƭƛƴŜǊ ŦŀƛōƭŜƳŜƴǘ ǇǊƻƎǊŜǎǎƛǾŜƳŜƴǘ ŜƴǘǊŜ ƭΩŃƎŜ ŘŜ мн ŀƴǎ Ŝǘ 

нрκол ŀƴǎΣ ŘŞŎƭƛƴ ǉǳƛ ǎΩŀŎŎŜƴǘǳŜ ŀǇǊŝǎ нр-30 ans (Weimerskirch et al. 2005). 

Ce patron peut résulter de plusieurs mécanismes non exclusifs. Premièrement, 

ƭΩŀƳŞƭƛƻǊŀǘƛƻƴ ŘŜǎ ŎƻƳǇŞǘŜƴŎŜǎ ǊŜǇǊƻŘǳŎǘǊƛŎŜǎ ŀǳ ŎƻǳǊǎ ŘŜ ƭŀ ǾƛŜ Ł ǘǊŀǾŜǊǎ ŘŜǎ ǇǊƻŎŜǎǎǳǎ ŘŜ 

ƳŀǘǳǊŀǘƛƻƴ Ŝǘ ƻǳ ŘΩŜȄǇŞǊƛŜƴŎŜ ŎƻƴŘǳƛǘ Ł ǳƴŜ ŀǳƎƳŜƴǘŀǘƛƻƴ ŘŜǎ ǇŜǊŦƻǊƳŀƴŎŜǎ ǊŜǇǊƻŘǳŎǘƛǾŜǎ 

en début de vie (Curio 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 à acquérir un partenaire, un site de reproduction, ou à 

nourrir efficacement leur descendance (Martin 1995).  

[ŀ ǎŞƴŜǎŎŜƴŎŜΣ ŘŞŦƛƴƛŜ ŎƻƳƳŜ ƭŜ ŘŞŎƭƛƴ ŘŜǎ ǇŜǊŦƻǊƳŀƴŎŜǎ ƛƴŘƛǾƛŘǳŜƭƭŜǎ Ł ǇŀǊǘƛǊ ŘΩǳƴ 

certain âge et/ou la détérioration progressive ŘŜ ƭΩƻǊƎŀƴƛǎƳŜ (Kirkwood and Austad 2000; 

Monaghan et al. 2008), est également ǎǳǎŎŜǇǘƛōƭŜ ŘΩŜƴǘǊŀƛƴŜǊ ƭŜ ŘŞŎƭƛƴ ŘŜǎ ǇŜǊŦƻǊƳŀƴŎŜǎ 

reproductrices à un âge avancé. Par exemple, il a été montré que la sénescence pouvait 

ŀŦŦŜŎǘŜǊ ǘƻǳǘ ŀǳǎǎƛ ōƛŜƴ ƭΩŀǘǘǊŀŎǘƛǾƛǘŞ ǎŜȄǳŜƭƭŜ ŘΩǳƴ ƛƴŘƛǾƛŘǳ Ŝƴ ƛƴŦƭǳŜƴœŀƴǘ ƴŞƎŀǘƛǾŜƳŜƴǘ 

ƭΩŜȄǇǊŜǎǎƛƻƴ ŘŜǎ ǎƛƎƴŀǳȄ ǎŜxuels (Torres and Velando 2007; Pavlova et al. 2010; Balbontín et 

al. 2011; Cooper et al. 2012), que la qualité des soins parentaux (BeamonteπBarrientos et al. 

2010).  

9ƴŦƛƴΣ ǳƴŜ ŀǳƎƳŜƴǘŀǘƛƻƴ ŘŜ ƭΩƛƴǾŜǎǘƛǎǎŜƳŜƴǘ Řŀƴǎ ƭŀ ǊŜǇǊƻŘǳŎǘƛƻƴ ŀǾŜŎ ƭΩŃƎŜ Ŝǎǘ 

ŀǘǘŜƴŘǳŜ Ŝƴ Ǌŀƛǎƻƴ ŘΩǳƴ ƭƛŜƴ ŦƻǊǘ ŜƴǘǊŜ ƭΩŃƎŜ Ŝǘ ƭŀ ǾŀƭŜǳǊ ǊŜǇǊƻŘǳŎǘƛǾŜ ŘŜǎ ƛƴŘƛǾƛŘǳǎΣ Ŝƴ 

particulier chez les espèces longévives (« restraint hypothesis », Pianka 1976; Forslund and 

Pärt 1995)Φ [ŀ ǾŀƭŜǳǊ ǊŜǇǊƻŘǳŎǘƛǾŜ ŘΩǳƴ ƛƴŘƛǾƛŘǳ Ŝǎǘ ŘŞŦƛƴƛŜ ŎƻƳƳŜ ƭΩŜǎǇŞǊŀƴŎŜ ŘŜ ǇǊƻŘǳŎǘƛƻƴ 
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actuelle et future de descendants. Typiquement, un jeune reproducteur à une valeur 

ǊŜǇǊƻŘǳŎǘƛǾŜ ŞƭŜǾŞŜ ǇǳƛǎǉǳΩƛƭ ŀǳǊŀ ŘŜ ƴƻƳōǊŜǳǎŜǎ ƻŎŎŀǎƛƻƴǎ ŘŜ ǎŜ ǊŜǇǊƻŘǳƛǊŜ ŀǳ ŎƻǳǊǎ ŘŜ ǎŀ 

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

fait du phénomènŜ ŘŜ ǎŞƴŜǎŎŜƴŎŜΦ !ƛƴǎƛ ƛƭ ǎŜǊŀ Řŀƴǎ ƭΩƛƴǘŞǊşǘ ŘΩǳƴ ƧŜǳƴŜ ƛƴŘƛǾƛŘǳ ŘŜ ǎΩƛƴǾŜǎǘƛǊ 

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

ǊŜǇǊƻŘǳŎǘƛƻƴ ǎǳƛǾŀƴǘǎΦ 9ƴ ǊŜǾŀƴŎƘŜΣ ǳƴ ƛƴŘƛǾƛŘǳ ŃƎŞ ŀǳǊŀ ǘƻǳǘ ƛƴǘŞǊşǘ Ł ǎΩƛƴǾŜǎǘƛǊ ŀǳ ƳŀȄƛƳum 

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

bleus, Sula nebouxii, les individus âgés avec des perspectives de reproduction réduites vont 

accroître leurs efforts dans la reproduction lorsque leurs perspectives de survie sont 

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

ŀȅŀƴǘ ŘŜ ōƻƴƴŜǎ ǇŜǊǎǇŜŎǘƛǾŜǎ ŘŜ ǊŜǇǊƻŘǳŎǘƛƻƴ ǎΩƛƴǾŜǎǘƛǊƻƴǘ Ƴƻƛƴǎ (Velando et al. 2006).  

Enfin, les patrons liant âge et succès reproducteur peuvent aussi être expliqués par 

ƭΩƘȅǇƻǘƘŝǎŜ ŘŜ ǎŞƭŜŎǘƛƻƴ ǉǳƛ ǎŜ ǊŞŦŝǊŜ Ł ƭŀ ŘƛǎǇŀǊƛǘƛƻƴ ǇǊŞŎƻŎŜ ŘŜǎ ǊŜǇǊƻŘǳŎǘŜǳǊǎ ŘŜ ōŀǎǎŜ 

qualité si leur survie est inférieure à celle des reproducteurs de haute qualité (Curio 1983; 

Forslund and Pärt 1995)Φ Lƭ Ŝǎǘ ŘƻƴŎ ƴŞŎŜǎǎŀƛǊŜ ŘΩƛƴǘŜǊǇǊŞǘŜǊ ƭŜǎ ǊŜƭŀǘƛƻƴǎ ŜƴǘǊŜ ŃƎŜ Ŝǘ 

performance reproductrice avec précaution.  

Sexe 

Les sexes sont définis par les différences dans le type de gamètes qu'ils produisent. La 

femelle produit un petit nombre de gros gamètes, généralement peu mobiles alors que le 

mâle produit en grand nombre de petits gamètes très mobiles. Cette asymétrie dans la taille 

des gamètes est appelée anisogamie. Les sexes expriment des différences fondamentales 

dans leurs traits phénotypiques. Les causes de ces différences font débat, notamment dans la 

ǇŀǊǘ ŘŜ ǾŀǊƛŀƴŎŜ ŜȄǇƭƛǉǳŞŜ ǇŀǊ ƭΩŀƴƛǎƻƎŀƳƛŜΣ ƭŜǎ ŜŦŦŜǘǎ ŜƴǾƛǊƻƴƴŜƳŜƴǘŀǳȄ Ŝǘ ƭŜǎ ŜŦŦŜǘǎ 

stochastiques (Schärer et al. 2012; Ah-King 2013; Kokko et al. 2013). Cependant un lien évident 

Ŝǎǘ ǊŜŎƻƴƴǳ ŜƴǘǊŜ ƭŜǎ ǊŞƎƛƳŜǎ ŘΩŀǇǇŀǊƛŜƳŜƴǘǎ Ŝǘ ƭŀ ŘƛǾŜǊƎŜƴŎŜ ŘŜǎ ŎƻƳǇƻǊǘŜƳŜƴǘǎ ŜƴǘǊŜ ƭŜǎ 

deux sexes (Andersson 1994; Dunn et al. 2001). Chez les espèces polygames, le dimorphisme 

entre les sexes est très prononcé tant dans les comportements que dans la morphologie. 

Généralement les mâles font face à une compétition intra-ǎŜȄǳŜƭƭŜ Ǉƭǳǎ ŦƻǊǘŜ ǇƻǳǊ ƭΩŀŎŎŝǎ ŀǳ 

partenaire, exhibent des caractères secondaires sexuels extravagants et couteux et sont peu 

ƛƴǾŜǎǘƛǎ Řŀƴǎ ƭŜǎ ǎƻƛƴǎ ǇŀǊŜƴǘŀǳȄΦ [Ŝǎ ŦŜƳŜƭƭŜǎ ǎƻƴǘ ƭŜ ǎŜȄŜ ǎŞƭŜŎǘƛŦ ƭƻǊǎ ŘŜ ƭΩŀǇǇŀǊƛŜƳŜƴǘ Ŝǘ 
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ǎΩƛƴǾŜǎǘƛǎǎŜƴǘ ŘŀǾŀƴǘŀƎŜ Řŀƴǎ ƭŀ ŘŜǎŎŜƴŘŀƴŎŜΦ aŀƛǎ ŎŜǎ ǊƾƭŜǎ ǇŜǳǾŜƴǘ şǘǊŜ ƛƴǾŜǊǎŞǎ ŎƘŜȊ 

certaines espèces (cf. polyandrie, Jenni and Collier 1972; Oring and Lank 1982). Chez les 

espèces monogames, un dimorphisme sexuel peut aussi exister en particulier au sein des 

espèces qui présentent des rôles bien définis pour chaque  ǎŜȄŜΦ /ΩŜǎǘ-à-dire que les tâches 

liées à la reproduction (défense du territoire, incubation, nourrissage, etc.) sont sexe-

spécifiques. Au contraire, chez les espèces monogames présentant des rôles reproducteurs 

similaires entre les sexes, ce dimorphisme sexuel est peu marqué, voir absent.  

/ŜǇŜƴŘŀƴǘΣ ƭΩŞǘǳŘŜ ŘŜǎ ŘƛŦŦŞǊŜƴŎŜǎ ŘŜ ǘǊŀƛǘǎ ǊŜǇǊƻŘǳŎǘŜǳǊǎ ƭƛŞǎ ŀǳ ǎŜȄŜ Ŝǎǘ ƎƭƻōŀƭŜƳŜƴǘ 

biaisé en faveur des espèces polygames (Kim et al. 2011). Chez les espèces monogames où les 

ǎŜȄŜǎ ǇǊŞǎŜƴǘŜƴǘ ŘŜǎ ǊƾƭŜǎ ǎŜƳōƭŀōƭŜǎΣ ƛƭ ƴΩŜǎǘ Ǉŀǎ ǊŀǊŜ ǉǳŜ ƭŜ ǎŜȄŜ ƴŜ ǎƻƛǘ Ǉŀǎ ǇǊƛǎ Ŝƴ ŎƻƳǇǘŜΣ 

ƻǳ ŜƴŎƻǊŜ ǉǳΩǳƴ ǎŜǳƭ ŘŜǎ ŘŜǳȄ ǎŜȄŜǎ ǎƻƛǘ ŎƻƴǎƛŘŞǊŞΦ tƻǳǊǘŀƴǘΣ ƳşƳŜ ŎƘŜȊ ŎŜǎ ŜǎǇŝŎŜǎΣ ƭŜǎ 

coǶǘǎ ƭƛŞǎ Ł ƭŀ ǊŜǇǊƻŘǳŎǘƛƻƴ ǎƻƴǘ ǎǳǎŎŜǇǘƛōƭŜǎ ŘΩşǘǊŜ ŘƛŦŦŞǊŜƴǘǎ (Tavecchia et al. 2001). Ce 

différentiel de coût peut conduire à des pressions de sélections différentes et donc à des 

différences dans les traits reproducteurs entre les sexes.   

Variabilité des traits reproducteurs et étapes de la reproduction 

Les traits individuels liés à la reproduction sont divers tels que la condition physique 

des individus, leurs caractéristiques morphologiques et physiologique, et leurs 

comportements. [ΩŜƴǎŜƳōƭŜ ŘŜ ŎŜǎ ǘǊŀƛǘǎ Ǿŀ ŘŞǘŜǊƳƛƴŜǊ ƭŜǎ ǇŜǊŦƻǊƳŀƴŎŜǎ ǊŜǇǊƻŘǳŎǘǊƛŎŜǎ ŘΩǳƴ 

individu ainsi que sa compétitivité. Ces différents traits liés à la reproduction pouvant être 

impliqués dans différentes étapes de la reproduction vont déterminer le succès reproducteur 

ŘŜ ƭΩƛƴŘƛǾƛŘǳΦ Lƭ Ŝǎǘ ŘƻƴŎ ƛƴŘƛǎǇŜƴǎŀōƭŜ ŘΩŞǘǳŘƛŜǊ ƭΩŜƴǎŜƳōƭŜ ŘŜǎ ŞǘŀǇŜǎ ŘŜ ƭŀ ǊŜǇǊƻŘǳŎǘƛƻƴ ǇƻǳǊ 

comprendre les mécanismes sous-jacents menant à cette hétérogénéité du succès 

reproducteur.  

Ainsi nous pouvons nous demander quelles sont les étapes critiques au cours de la 

saison de reproduction et quels sont les traits individuels associés les plus déterminants quant 

à la réussite de la reproduction ?  Ces étapes et ces traits sont-ils les mêmes pour les deux 

sexes Κ hǳ ŜƴŎƻǊŜΣ ŎƻƳƳŜƴǘ ƭΩŃƎŜ ƛƴŦƭǳŜƴŎe ces traits reproducteurs. Agit-il sur la totalité des 

traits ? Et dans le même sens ?  
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Pour répondre à ces question je me suis intéressé à une espèce longévive monogame, 

et présentant un fort investissement parental chez les deux sexes, système principalement 

présent chez les oiseaux. Les mâles et les femelles sont ainsi impliqués dans les différentes 

ŞǘŀǇŜǎ ŘŜ ƭŀ ǊŜǇǊƻŘǳŎǘƛƻƴΣ ŎŜ ǉǳƛ ƴƻǳǎ ǇŜǊƳŜǘ ŘΩŞǘǳŘƛŜǊ ƭŜǎ ŘƛŦŦŞǊŜƴŎŜǎ ƭƛŞŜǎ ŀǳ ǎŜȄŜ Řŀƴǎ ƭŜǎ 

traits reproducteurs au cours de la saison de reproduction. Quant à la longévité, elle permet 

ǊŞǇƻƴŘǊŜ Ł ƭŀ ǉǳŜǎǘƛƻƴ ŘŜ ƭŀ ǇƭŀǎǘƛŎƛǘŞ ŘŜǎ ǘǊŀƛǘǎ ǊŜǇǊƻŘǳŎǘŜǳǊǎ ŀǳ ŎƻǳǊǎ ŘŜ ƭŀ ǾƛŜ ŘŜ ƭΩƛƴŘƛǾƛŘǳΦ 

La définition de la saison de reproduction diffère entre les études. Chez les oiseaux, la 

saison de reproduction correspond généralement au cycle de nidification (Etterson et al. 

2011). Ainsi, la saison débute avec la construction du nid et un individu est considéré comment 

faisant partie du « pool η ŘŜ ǊŜǇǊƻŘǳŎǘŜǳǊǎ Řŝǎ ǉǳΩƛƭ Ŝǎǘ ƻōǎŜǊǾŞ ǊŞŀƭƛǎŜǊ ŎŜǘǘŜ ǘŃŎƘŜΦ ! Ƴƻƴ 

sens la saison de reproduction comprend deux composantes Υ ƭΩŀŎŎŝǎ Ł ƭŀ ǊŜǇǊƻŘǳŎǘƛƻƴ Ŝǘ ƭŀ 

reproduction per seΦ [ΩŀŎŎŝǎ ŀǳ ǇŀǊǘŜƴŀƛǊŜ ǎŜȄǳŜƭ ƻǳ ŜƴŎƻǊŜ ƭΩŀŎŎŝǎ ŀǳ ǎƛǘŜ ŘŜ ƴƛŘƛŦƛŎŀǘƛƻƴ ǎƻƴǘ 

effectivement des étapes déterminantes quant au succès de la reproduction. La réduction de 

la saison de reproduction au cycle de nidification des reproducteurs est probablement la 

ǊŞǎǳƭǘŀƴǘŜ ŘΩǳƴŜ ŘƛŦŦƛŎǳƭǘŞ Řŀƴǎ ƭΩƻōǎŜǊǾŀǘƛƻƴ ŘŜǎ ŎƻƳǇƻǊǘŜƳŜƴǘǎ ƭƛŞǎ Ł ƭΩŀŎŎŝǎ Ł ƭŀ 

reproduction (Etterson et al. 2011). Néanmoins elle ŎƻƴŘǳƛǘ Ł ƭΩŜȄŎƭǳǎƛƻƴ Řǳ ζ pool » de 

ǊŜǇǊƻŘǳŎǘŜǳǊǎ ŘŜǎ ƛƴŘƛǾƛŘǳǎ ǉǳƛ ƻƴǘ ŞŎƘƻǳŞ ƭƻǊǎ ŘŜ ƭΩŀŎŎŝǎ Ł ƭŀ ǊŜǇǊƻŘǳŎǘƛƻƴΦ /ΩŜǎǘ ǇƻǳǊǉǳƻƛ 

ƴƻǳǎ ŎƻƴǎƛŘŞǊŜǊƻƴǎ ƛŎƛ ƭŀ ǎŀƛǎƻƴ ŘŜ ǊŜǇǊƻŘǳŎǘƛƻƴ ŎƻƳƳŜ ŘŞōǳǘŀƴǘ Řŝǎ ƭΩŀŎŎŝǎ ŀǳ ǇŀǊǘŜƴŀƛǊŜ 

ǎŜȄǳŜƭ Ŝǘ ǎŜ ǘŜǊƳƛƴŀƴǘ ŀǾŜŎ ƭΩŜƴǾƻƭ des jeunes.  

Traits reproducteurs impliqués au cours de la saison de reproduction : quelques 

exemples 

Accès au partenaire sexuel 

[ΩŞǘŀǇŜ ŘŜ ƭΩŀŎŎŝǎ ŀǳ ǇŀǊǘŜƴŀƛǊŜ ǎŜȄǳŜƭ Ŝǎǘ ŘŞǘŜǊƳƛƴŀƴǘŜ ǇǳƛǎǉǳŜ ƴƻƴ ǎŜǳƭŜƳŜƴǘ ǳƴ 

individu ne peut se reproduire sans partenaire, mais aussi parce que les compétences 

ǊŜǇǊƻŘǳŎǘǊƛŎŜǎ Řǳ ǇŀǊǘŜƴŀƛǊŜ ǎŜȄǳŜƭ ǎƻƴǘ ŎǊǳŎƛŀƭŜǎ ǉǳŀƴǘ Ł ƭΩƛǎǎǳŜ ŘŜ ƭŀ ǊŜǇǊƻŘǳŎǘƛƻƴΦ /Ƙez les 

ŜǎǇŝŎŜǎ ƳƻƴƻƎŀƳŜǎ ƻǴ ƭŜǎ ŘŜǳȄ ǎŜȄŜǎ ŎƻƴǘǊƛōǳŜƴǘ Ł ƭΩƛƴǾŜǎǘƛǎǎŜƳŜƴǘ ǇŀǊŜƴǘŀƭΣ ƻƴ ǎΩŀǘǘŜƴŘ Ł 

ce que mâles et femelles expriment de la sélectivité dans leur choix du partenaire. Lƭ ǎΩŀƎƛǘ 

ŀƭƻǊǎ ŘΩǳƴ ŎƘƻƛȄ ƳǳǘǳŜƭ (Andersson and Norberg 1981; Parker 1983; Jones and Hunter 1993; 

Bergstrom and Real 2000). 5ǳǊŀƴǘ ƭŜ ǇǊƻŎŜǎǎǳǎ ŘΩŀŎǉǳƛǎƛǘƛƻƴ Řǳ ǇŀǊǘŜƴŀƛǊŜΣ ƭŜǎ ƛƴŘƛǾƛŘǳǎ 

expriment généralement des traits couteux dans leur production reflétant honnêtement leur 
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qualité reproductrice (Andersson 1994)Φ Lƭ ǎΩŀƎƛǘ ŘŜǎ ǎƛƎƴŀǳȄ ǎŜȄǳŜƭǎΦ Lƭǎ ǇŜǳǾŜƴǘ şǘǊŜ 

morphologiques, auditifs, comportementaux ou encore olfactifs. Si ces signaux sont honnêtes, 

leur variabilité permet aux individus de discriminer leurs congénères en fonction de leur 

performance reproductrice.  

Sélection du site de reproduction 

[ΩŜƴǾƛǊƻƴƴŜƳŜƴǘ Şǘŀƴǘ ƘŞǘŞǊƻƎŝƴŜΣ ƭŀ ǉǳŀƭƛǘŞ ŘŜǎ ŘƛŦŦŞǊŜƴǘǎ Ƙŀōƛǘŀǘǎ ŘŞŘƛŞǎ Ł ƭŀ 

ǊŜǇǊƻŘǳŎǘƛƻƴ Ŝǎǘ ǎǳǎŎŜǇǘƛōƭŜ ŘŜ ǾŀǊƛŜǊΦ tŀǊ ŜȄŜƳǇƭŜΣ ƭΩŜȄǇƻsition aux prédateurs, aux 

ǇŀǊŀǎƛǘŜǎΣ ŀǳȄ ƛƴǘŜƳǇŞǊƛŜǎΣ ƭŀ ǇǊƻȄƛƳƛǘŞ ŘŜǎ ŀƛǊŜǎ ŘΩŀƭƛƳŜƴǘŀǘƛƻƴ ƻŦŦǊŜƴǘ ŘŜǎ ǇŜǊǎǇŜŎǘƛǾŜǎ 

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

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

la disponibilité des habitats de haute qualité est généralement limitée, ce qui conduit à de la 

compétition entre les individus. Chez certaines espèces, et principalement chez les mâles, les 

comportements territoriaux et de dominance provoquent l'exclusion d'individus de certaines 

zones conduisant à une distribution idéale despotiques des individus sur les aires de 

reproduction (Fretwell 1969; Fretwell and Calver 1969). Il en résulte une monopolisation des 

ǘŜǊǊƛǘƻƛǊŜǎ ŘŜ ǉǳŀƭƛǘŞ ǇŀǊ ƭŜǎ ƛƴŘƛǾƛŘǳǎ ƭŜǎ Ǉƭǳǎ ŎƻƳǇŞǘƛǘƛŦǎΣ Ŝǘ ƭΩƛƴǎǘŀƭƭŀǘƛƻƴ ŘŜǎ ƛƴŘƛǾƛŘǳǎ ŘŜ 

moindre compétitivité dans des habitats défavorables. Taille, agressivité, et expérience de 

ƭΩƛƴŘƛǾƛŘǳ ǎƻƴǘ ŘŜǎ ǘǊŀƛǘǎ ƛƴŘƛǾƛŘǳŜƭǎ Ŏƻƴƴǳǎ ŎƻƳƳŜ Şǘŀƴǘ ƛƳǇƭiqués dans la compétitivité et 

les comportements territoriaux des individus (Margalida and Bertran 2005; Serrano et al. 

2007) et sont donc des traits relatifs à 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 

ŘΩƛƴŎǳōŀǘƛƻƴ ǾŀǊƛŞǎ ŀȅŀƴǘ ŘŜǎ ŎƻƴǎŞǉǳŜƴŎŜǎ ǎǳǊ ƭŀ ǊŞǳǎǎƛǘŜ de la reproduction (Lack 1968). Le 

choix de la taille de la ponte impacte directement la condition et la survie des jeunes 

(Monaghan et al. 1995; Monaghan and Nager 1997). De même, la décision de quand initier 

ƭΩƛƴŎǳōŀǘƛƻƴ ƛƴŦƭǳŜƴŎŜ ƭŜ ǎǳŎŎŝǎ ŘΩŞŎƭƻǎƛƻƴ Ŝǘ ƭŜ ǇƘŞƴƻǘȅǇŜ ŘŜǎ Ǉƻǳǎǎƛƴǎ (Stoleson and 

Beissinger 1995). Par exemple, chez les espèces dont la couvée est composée de plusieurs 

ǆǳŦǎΣ ƭΩƛƴŎǳōŀǘƛƻƴ ǇŜǳǘ şǘǊŜ ƛƴƛǘƛŞŜ Řŝǎ ƭŀ ǇƻƴǘŜ Řǳ ǇǊŜƳƛŜǊ ǆǳŦ ƻǳ ǎŜǳƭŜƳŜƴǘ ǳƴŜ Ŧƻƛǎ ǘƻǳǎ 

ǆǳŦǎ ǇƻƴŘǳǎΦ [Ŝ ǇŀǘǊƻƴ ƎŞƴŞǊŀƭ Ŝǎǘ ǉǳŜ Ǉƭǳǎ ƭΩƛƴŎǳōŀǘƛƻƴ ŘŞōǳǘŜ ǘƾǘΣ Ǉƭǳǎ ƭŜ ǎǳŎŎŝǎ ŘΩŞŎƭƻǎƛƻƴ 

sera élevé (Wang and Beissinger 2009). Enfin, la présence au nid et le partage du temps 
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ŘΩƛƴŎǳōŀǘƛƻƴ ǎƻƴǘ ǾŀǊƛŀōƭŜǎ ŀǳ ǎŜƛƴ ŘΩǳƴŜ ǇƻǇǳƭŀǘƛƻƴΦ /ƘŜȊ ƭŜ ƳŀƴŎƘƻǘ ǇȅƎƳŞŜΣ Eudyptula 

minor, Ǉƭǳǎ ƭŀ ŦǊŞǉǳŜƴŎŜ ŘŜǎ Ǌƻǘŀǘƛƻƴǎ ŘΩƛƴŎǳōŀǘƛƻƴ ŜƴǘǊŜ ǇŀǊŜƴǘǎ Ŝǎǘ ŎƻǳǊǘŜ Ǉƭǳs la probabilité 

ŘŜ ǎǳŎŎŝǎ ŘΩŞŎƭƻǎƛƻƴ ǎŜǊŀ ƎǊŀƴŘŜ (Kerry 1999).  

Elevage des jeunes 

Par les soins parentaux, les individus augmentent la survie de leur descendance et ainsi 

ƭŜǳǊ ǇǊƻǇǊŜ ŀǇǘƛǘǳŘŜ ǇƘŞƴƻǘȅǇƛǉǳŜΦ /Ŝǎ ǎƻƛƴǎ ǎƻƴǘ ǾŀǊƛŞǎ ǘŜƭǎ ǉǳŜ ƭΩŀǇǇǊƻǾƛǎƛƻƴƴŜƳŜƴǘ 

alimentaire, la protection contre les parasites par ƭŜǎ ŎƻƳǇƻǊǘŜƳŜƴǘǎ ŘΩŞǇƻǳƛƭƭŀƎŜΣ ƭŀ 

protection contre les prédateurs (Klug and Bonsall 2014). La variabilité de 

ƭΩŀǇǇǊƻǾƛǎƛƻƴƴŜƳŜƴǘ ŀƭƛƳŜƴǘŀƛǊŜ ŘŜǎ ƧŜǳƴŜǎ Ŝǎǘ ŎŜǊǘŀƛƴŜƳŜƴǘ ƭŜ ǎƻƛƴ ǇŀǊŜƴǘŀƭ ŀǎǎƻŎƛŞ Ł 

ƭΩŞƭŜǾŀƎŜ ŘŜ ƧŜǳƴŜǎ ƭŜ Ǉƭǳǎ ŞǘǳŘƛŞΦ Lƭ ŀǇǇŀǊŀƛǘ ǳƴŜ ǾŀǊƛŀōƛƭƛǘŞ ŘŜ ŎƻƳǇƻǊǘŜƳŜƴǘǎ ŘŜ ƴƻǳǊǊƛǎǎŀƎŜ 

entre ƭŜǎ ƛƴŘƛǾƛŘǳǎ ǉǳŜ ŎŜ ǎƻƛǘ Řŀƴǎ ƭŀ ŦǊŞǉǳŜƴŎŜ ŘΩŀǇǇǊƻǾƛǎƛƻƴƴŜƳŜƴǘΣ ƭŀ ǉǳŀƴǘƛǘŞ Ŝǘ ƭŀ ǉǳŀƭƛǘŞ 

de la nourriture délivrée à chaque nourrissage, etc. ό²ŜƴŘŜƭƴ ŀƴŘ .ŜŎƪŜǊ мфффΤ hΩ5ǿȅŜǊ Ŝǘ 

al. 2007; Mullers and Tinbergen 2009), et qui serait due à une performance différentielle entre 

ƭŜǎ ƛƴŘƛǾƛŘǳǎ Řŀƴǎ ƭŀ ǊŜŎƘŜǊŎƘŜ ŀƭƛƳŜƴǘŀƛǊŜΦ /ŜǘǘŜ ǾŀǊƛŀōƛƭƛǘŞ ŘΩŀǇǇǊƻǾƛǎƛƻƴƴŜƳŜƴǘ ŘŜǎ ǇŀǊŜƴǘǎ 

montrée comme ayant des conséquences sur la condition et la survie des jeunes, impacte 

directement leur aptitude phénotypique.  

Sélectivité des étapes de reproduction  

/ƘŀǉǳŜ ŞǘŀǇŜ ŘŜ ƭŀ ǊŜǇǊƻŘǳŎǘƛƻƴ ŀ ƭŜ ǇƻǘŜƴǘƛŜƭ ŘΩŀƎƛǊ ŎƻƳƳŜ ǳƴ ŦƛƭǘǊŜΣ ŜȄŎƭǳŀƴǘ ƭŜǎ 

individus les moins performants du « pool » de reproducteurs. Selon les espèces, les 

différentes étapes sont plus ou moins sélectives selon leur coût énergétique (Clutton-Brock 

1988), conduisant à divers patrons de sélectivité au cours de la saison de reproduction (Arnold 

and Wade 1984). Par exemple, la sélectivité peut être constante au cours du temps (Fig. 1A). 

{ƛ ƭΩŀŎŎŝǎ ŀǳ ǇŀǊǘŜƴŀƛǊŜ ǎŜȄǳel conduit à une forte exclusion des individus, la sélectivité sera 

ƛƴǘŜƴǎŜ Ŝƴ ŘŞōǳǘ ŘŜ ǊŜǇǊƻŘǳŎǘƛƻƴ όCƛƎΦ м.ύΦ ! ƭΩƻǇǇƻǎŞΣ ƭŀ ǎŞƭŜŎǘƛǾƛǘŞ ǇŜǳǘ ǎŜ ǇǊƻŘǳƛǊŜ Ŝƴ Ŧƛƴ 

ŘŜ ǊŜǇǊƻŘǳŎǘƛƻƴ ǎƛ ƭŀ ǇŞǊƛƻŘŜ ŘΩŞƭŜǾŀƎŜ Ŝǎǘ ǘǊŝǎ ŎƻǳǘŜǳǎŜ ŎƻƳǇŀǊŞ ŀǳ ǊŜǎǘŜ ŘŜ ƭŀ ǎŀƛǎƻƴ ŘŜ 

reǇǊƻŘǳŎǘƛƻƴ όCƛƎΦ м/ύΦ tŀǊ ŎƻƴǎŞǉǳŜƴǘΣ ǇƻǳǊ ŎƻƳǇǊŜƴŘǊŜ ƭΩƘŞǘŞǊƻƎŞƴŞƛǘŞ Řŀƴǎ ƭŀ ǊŞǳǎǎƛǘŜ ŘŜ 

ƭŀ ǊŜǇǊƻŘǳŎǘƛƻƴ ŜƴǘǊŜ ƭŜǎ ƛƴŘƛǾƛŘǳǎ ŀǳ ǎŜƛƴ ŘΩǳƴŜ ǇƻǇǳƭŀǘƛƻƴΣ ƛƭ Ŝǎǘ ƴŞŎŜǎǎŀƛǊŜ ŘŜ ŎƻƳǇǊŜƴŘǊŜ 

Ł ǉǳŜƭ ƴƛǾŜŀǳ ǎΩŜŦŦŜŎǘǳŜ ƭŀ ǎŞƭŜŎǘƛƻƴΦ  
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Figure 1 : Patron théorique de sélection des individus reproducteurs au cours de la saison de 

reproduction. A) Sélectivité constante des étapes de reproduction. B) Sélectivité très élevée en début de 

reproduction puis nulle C) Sélectivité élevée seulement en fin de saison.  
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Modèle biologique : le flamant rose (Phoenicopterus roseus) 

Biologie générale 

[Ŝ ŦƭŀƳŀƴǘ ǊƻǎŜ Ŝǎǘ ƭΩŜǎǇŝŎŜ ƭŀ Ǉƭǳǎ ǊŞǇŀƴŘǳŜ ƎŞƻƎǊŀǇƘƛǉǳŜƳŜƴǘ ǇŀǊƳƛ ǘƻǳǘŜǎ ƭŜǎ 

espèces de flamants. On le trouve particulièrement dans les eaux saumâtres peu profondes 

et dans lŜǎ ŞǘŀƴƎǎ Ŝǘ ƭŀƎǳƴŜǎ ǎŀƭŞŜǎ ŘŜ aŞŘƛǘŜǊǊŀƴŞŜǎΣ ŘŜ ƭΩ!ŦǊƛǉǳŜ ŘŜ ƭΩƻǳŜǎǘΣ Řǳ ǎǳŘ Ŝǘ ŘŜ 

ƭΩŜǎǘΣ ŀƛƴǎƛ ǉǳΩŀǳ ǎǳŘ Ŝǘ ŀǳ ǎǳŘ-ƻǳŜǎǘ ŘŜ ƭΩ!ǎƛŜΦ {ƻƴ ǊŞƎƛƳŜ ŀƭƛƳŜƴǘŀƛǊŜ Ŝǎǘ ŎƻƳǇƻǎŞ 

ŘΩƛƴǾŜǊǘŞōǊŞǎ ŀǉǳŀǘƛǉǳŜǎΣ ƭŜǎ ŀǊǘŞƳƛŜǎ Ŏƻƴǎǘƛǘǳŀƴǘ ƭŜǳǊ ǇǊƛƴŎƛǇŀƭ ŀǇǇƻǊǘ ŀƭƛƳŜƴǘŀƛǊŜΦ [e 

flamant rose est une espèce coloniale, monogame et longévive avec un âge maximum 

enregistré de 40 ans dans la nature et de 68 ans en captivité (Johnson and Cézilly 2007). 

Cependant les estimations du taux de survie suggèrent que les flamants sauvages pourraient 

ǾƛǾǊŜ ƧǳǎǉǳΩŁ рл ŀƴǎ (Cézilly et al. 1996; Tavecchia et al. 2001). Les individus se reproduisent 

sur des îlots et forment des colonies très denses et constituées de plusieurs milliers 

ŘΩƛƴŘƛǾƛŘǳǎΦ ¦ƴ ŘƛƳƻǊǇƘƛǎƳŜ ǎŜȄǳŜƭ ŘŜ ǘŀƛƭƭŜ Ŝǎǘ ƻōǎŜǊǾŞ ŎƘŜȊ ŎŜǘǘŜ ŜǎǇŝŎŜΣ ƭŜǎ ŦŜƳŜƭƭŜǎ Şǘŀƴǘ 

en moyenne plus petites que les mâles.  

Les individus atteignent la maturité sexuelle à 3 ans, cependant la reproduction est 

rare à cet âge-ƭŁΦ [Ŝǎ ŦƭŀƳŀƴǘǎ ŜȄǇǊƛƳŜƴǘ ǳƴŜ ǾŀǊƛŀōƛƭƛǘŞ ŘŜ ƭΩŃƎŜ Ł ƭŀ ǇǊŜƳƛŝǊŜ ǊŜǇǊƻŘǳŎǘƛƻƴ 

allant de 3 à environ 10 ans avec un pic de recrutement à 7 ans (Pradel 2005). Malgré le fait 

ǉǳΩƛƭ ǎΩŀƎƛǎǎŜ ŘΩǳƴŜ ŜǎǇŝŎŜ ƳƻƴƻƎŀƳŜΣ ƭŀ ŦƛŘŞƭƛǘŞ ŀǳ ǇŀǊǘŜƴŀƛǊŜ ǎŜȄǳŜƭ ŘΩŀƴƴŞŜ Ŝƴ ŀƴƴŞŜ Ŝǎǘ 

proche de 0% (Cézilly et al. 1997). Ainsi afin de trouver un partenaire avant la saison de 

reproduction, mâles et femelles effectuent des parades nuptiales en groupes de quelques 

ŘƛȊŀƛƴŜǎ Ł ǇƭǳǎƛŜǳǊǎ ŎŜƴǘŀƛƴŜǎ ŘΩƛƴŘƛǾƛŘǳǎΦ /Ŝǎ ǇŀǊŀŘŜǎ ǎƻƴǘ ŎƻƴǎǘƛǘǳŞŜǎ ŘŜ ǎŞǉǳŜƴŎŜ ŘŜ 

mouvements formant des chorégraphies plus ou moins stéréotypées. La couleur du plumage 

semble impliquée dans le choix du partenaire, car durant la saison des parades, les individus 

intensifient le rose de leur plumage en étalant leur sécrétion uropygienne composée de 

caroténoïdes (Amat et al. 2010). En plus de son rôle danǎ ƭΩŀŎŎŝǎ ŀǳ ǇŀǊǘŜƴŀƛǊŜ ǎŜȄǳŜƭΣ ƭŀ 

ǇŀǊŀŘŜ ƴǳǇǘƛŀƭŜ Ŝǎǘ ǎǳǎǇŜŎǘŞŜ ŘΩŀǾƻƛǊ ǳƴ ǊƾƭŜ Řŀƴǎ ƭŀ ǎȅƴŎƘǊƻƴƛǎŀǘƛƻƴ ǘŜƳǇƻǊŜƭƭŜ ŘŜ ƭŀ 

reproduction entre individus.  
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[ŀ ŦŜƳŜƭƭŜ ǇƻƴŘ ǳƴ ǎŜǳƭ ǆǳŦΦ [ŀ ǇŞǊƛƻŘŜ ŘΩƛƴŎǳōŀǘƛƻƴ ŘǳǊŜ нф ƧƻǳǊǎ Ŝǘ ƭΩŜƴǾƻƭ ŘŜǎ 

jeunes se fait autoǳǊ ŘŜ ул ƧƻǳǊǎΦ [Ŝǎ ŘŜǳȄ ǇŀǊŜƴǘǎ ǎƻƴǘ ƛƳǇƭƛǉǳŞǎ Řŀƴǎ ƭΩƛƴŎǳōŀǘƛƻƴ Ŝǘ Řŀƴǎ ƭŜ 

ƴƻǳǊǊƛǎǎŀƎŜ ŘŜǎ ƧŜǳƴŜǎΣ Ŝǘ ǎΩƻǊƎŀƴƛǎŜƴǘ Ł ƭΩŀƛŘŜ ŘŜ ǊƻǘŀǘƛƻƴǎΦ ! ŜƴǾƛǊƻƴ мл ƧƻǳǊǎ ƭŜǎ Ǉƻǳǎǎƛƴǎ 

ǉǳƛǘǘŜƴǘ ƭΩƞƭƻǘ ŘŜ ǊŜǇǊƻŘǳŎǘƛƻƴΣ ǇƻǳǊ ŀƭƭŜǊ Řŀƴǎ ƭΩŜŀǳ Ŝǘ ŦƻǊƳŜǊ ŘŜǎ ŎǊŝŎƘŜǎ ǇƻǳǾŀƴǘ aller 

ƧǳǎǉǳΩŁ ǇƭǳǎƛŜǳǊǎ ƳƛƭƭƛŜǊǎ ŘΩƛƴŘƛǾƛŘǳǎΦ  

Programme de baguage et de suivi 

5ŜǇǳƛǎ мфтт ƭŀ ŎƻƭƻƴƛŜ ŘŜ ŦƭŀƳŀƴǘǎ ǊƻǎŜǎ ŞǘŀōƭƛŜ Ŝƴ /ŀƳŀǊƎǳŜ όCǊŀƴŎŜύΣ Ŧŀƛǘ ƭΩƻōƧŜǘ ŘΩǳƴ 

suivi à long-terme. Après chaque évènement de reproduction, entre 600 et 900 poussins sont 

bagués avec des bagues portant un code alphanumérique unique (Fig. 2), ce qui représente 

entre 7 et 30% de la totalité de la crèche. Lors du baguage, la masse et la longueur du tarse du 

poussin bagué sont relevés.  

 [ŀ ōŀƎǳŜ ŘŜ ƭΩƛƴŘƛǾƛŘǳ ǇŜǳǘ şǘǊŜ ǇŀǊ ƭŀ ǎǳƛǘŜΣ ƭǳŜ Ł ŘƛǎǘŀƴŎŜΣ ƛƴŦƻǊƳŀƴǘ ŘŜ ƭΩƛŘŜƴǘƛǘŞΣ ŘŜ 

ƭΩƻǊƛƎƛƴŜ Ŝǘ ŘŜ ƭΩŃƎŜ ŘŜ ƭΩƛƴŘƛǾƛŘǳΦ [ŀ ǎŀƛǎƻƴ ŘŜ ǊŜǇǊƻŘǳŎǘƛƻƴ Ŝǎǘ ƭŜ ƳƻƳŜƴǘ ƻǳ ƭΩŜŦŦƻǊǘ ŘŜ ƭŜŎǘǳǊŜ 

Ŝǎǘ ƭŜ Ǉƭǳǎ ŦƻǊǘΦ 9ƴ /ŀƳŀǊƎǳŜΣ ǳƴŜ ǘƻǳǊ ŘΩƻōǎŜǊǾŀǘƛƻƴ ŀ ŞǘŞ ŎƻƴǎǘǊǳƛǘŜ ǎǳǊ ƭΩŞǘŀƴƎ Řǳ CŀƴƎŀǎǎƛŜǊ 

pour permettre le suivi quotidien de la colonie (Fig. 3). Les lectures de bagues couplées aux 

méthodes de capture-marquage-ǊŜŎŀǇǘǳǊŜΣ ǇŜǊƳŜǘǘŜƴǘ ŘΩŜǎǘƛƳŜǊ ƭŜǎ ǇŀǊŀƳŝǘǊŜǎ 

démographiques de la colonie tels que les probabilités de survie, de reproduction et de 

mouvements des flamants roses.  
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Figure 2 Υ tƻǳǎǎƛƴ ǾŜƴŀƴǘ ŘΩşǘǊŜ ǊŜƭŃŎƘŞ ŀǇǊŝǎ ŀǾƻƛǊ ŞǘŞ ōŀƎǳŞΦ /ƻƭƻƴƛŜ Řǳ CŀƴƎŀǎǎƛŜǊ ό/ŀƳŀǊƎǳŜύ 

Figure 3 Υ Lƴǎǘŀƭƭŀǘƛƻƴ ŘŜ ƭŀ ŎƻƭƻƴƛŜ ǎǳǊ ƭΩƛƭƻǘ Řǳ CŀƴƎŀǎǎƛŜǊ ό/ŀƳŀǊƎǳŜύΣ Ŝǘ ǎŀ ǘƻǳǊ ŘΩƻōǎŜǊǾŀǘƛƻƴ 
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Variabilité des traits reproducteurs chez le flamant rose 

Facteurs environnementaux 

Le succès reproducteur est variable entre individu et entre saisons de reproductions. 

Par exemple, en 1987 le succès reproducteur de la colonie de Camargue a été estimé à 12.7% 

ŀƭƻǊǎ ǉǳΩŜƴ мфсф ƭŀ ŎƻƭƻƴƛŜ ŀ ŀǘǘŜƛƴǘ ǳƴŜ ǊŞǳǎǎƛǘŜ ŘŜ Ǉƭǳǎ ŘŜ ур҈ (Johnson and Cézilly 2007). 

Cette forte variabilité de succès entre saisons de reproduction suggère fortement la 

ǊŜǎǇƻƴǎŀōƛƭƛǘŞ ŘΩŜŦŦŜǘǎ ŜƴǾƛǊƻƴƴŜƳŜƴǘŀǳȄΦ 9ƴǘǊŜ ƭŜǎ ŦŀŎǘŜǳǊǎ ŜƴǾƛǊƻƴƴŜƳŜƴǘŀǳȄ Ŏƻƴƴǳǎ 

comme ayant une influence sur la productivité de la colonie, la dynamique hydrologique locale 

Ŝǎǘ ŎƻƴǎƛŘŞǊŞŜ ŎƻƳƳŜ ƭΩǳƴ ŘŜǎ Ǉƭǳǎ ƛƳǇƻǊǘŀƴǘǎ (Cézilly et al. 1995; Béchet and Johnson 2008; 

Béchet et al. 2009; Schmaltz et al. 2011)Φ 9ƴ ŜŦŦŜǘ ƭΩŀǎǎŝŎƘŜƳŜƴǘ ŘŜǎ ŞǘŀƴƎǎ ŜƴǘƻǳǊŀƴǘ ƭΩƞƭƻǘ ŘŜ 

ǊŜǇǊƻŘǳŎǘƛƻƴ ŎƻƴŘǳƛǘ Ł ƭΩŜȄǇƻǎƛǘƛƻƴ ŘŜ ƭŀ ŎƻƭƻƴƛŜ ŀǳȄ ǇǊŞŘŀǘŜǳǊǎ ǘŜǊǊŜǎǘǊŜǎ ǇƻǳǾŀƴǘ ƳŜƴŜǊ ƭŜǎ 

flamants à abandonner la reproduction. En revanche, des niveaux trop élevés conduisent à 

ƭΩƛƴƻƴŘŀǘƛƻƴ ŘŜǎ ƴƛŘǎ ǎƛǘǳŞǎ Ŝƴ ǇŞǊƛǇƘŞǊƛŜ ǎǳǊ ƭΩƞƭƻǘΦ 9ƴ Camargue, les fortes pluies, et les 

ŞǇƛǎƻŘŜǎ ǾŜƴǘŜǳȄ ǎƻƴǘ Ŝƴ ƎǊŀƴŘŜ ǇŀǊǘƛŜ ǊŜǎǇƻƴǎŀōƭŜǎ ŘŜ ƭŀ ǾŀǊƛŀǘƛƻƴ Řǳ ƴƛǾŜŀǳ ŘΩŜŀǳ 

ŜƴǘƻǳǊŀƴǘ ƭΩƞƭƻǘΦ /Ŝǎ ƛƴǘŜƳǇŞǊƛŜǎ ǎƻƴǘ ŀǳǎǎƛ ǎǳǎŎŜǇǘƛōƭŜǎ ŘŜ ǊŜƴŘǊŜ ŘƛŦŦƛŎƛƭŜ ƭŜǎ ŀŎǘƛǾƛǘŞǎ ŘŜ 

recherche alimentaire des reproducteurs, les poussant parfois à abandonner leur nid (Johnson 

and Cézilly 2007) .  

Facteurs intrinsèques 

[ΩŃƎŜ ŘŜǎ ŦƭŀƳŀƴǘǎ ǊƻǎŜǎ Ŝǎǘ ǳƴŜ ƛƳǇƻǊǘŀƴǘŜ ǎƻǳǊŎŜ ŘŜ ǾŀǊƛŀǘƛƻƴ Řǳ ǎǳŎŎŝǎ ǊŜǇǊƻŘǳŎǘŜǳǊ 

(Johnson and Cézilly 2007). Pour les deux sexes, on observe une augmentation du succès 

ǊŜǇǊƻŘǳŎǘŜǳǊ ŀǾŜŎ ƭΩŃƎŜ όCƛƎΦ пύΦ [ΩŜŦŦŜǘ ŘŜ ƭΩŃƎŜ ŀ ŞǘŞ Ǉƭǳǎ ǇǊŞŎƛǎŞƳŜƴǘ ǊŜƎŀǊŘŞ ŀǳ ŎƻǳǊǎ ŘŜ ƭŀ 

saison de reproduction. Une étude menée il y a 20 ans chez le flamant rose (Cézilly et al. 1997) 

ŀ ƳƻƴǘǊŞ ǳƴŜ ƘƻƳƻƎŀƳƛŜ ǇƻǳǊ ƭΩŃƎŜ Řŀƴǎ ƭŀ ŦƻǊƳŀǘƛƻƴ Řǳ ŎƻǳǇƭŜ ǊŜǇǊƻŘǳŎǘŜǳǊΦ /ŜƭƭŜ-ci serait 

le réǎǳƭǘŀǘ ŘΩǳƴ ŎƘƻƛȄ ŘƛǊŜŎǘƛƻƴƴŜƭ ŜƴǾŜǊǎ ƭŜǎ ƛƴŘƛǾƛŘǳǎ ƭŜǎ Ǉƭǳǎ ŃƎŞǎ Ŝǘ ŘƻƴŎ ƭŜǎ Ǉƭǳǎ 

ŜȄǇŞǊƛƳŜƴǘŞǎΦ /ŜǇŜƴŘŀƴǘΣ ƭΩŃƎŜ ƳŀȄƛƳǳƳ ŘŜǎ ƛƴŘƛǾƛŘǳǎ ŘŜ ƭΩŞŎƘŀƴǘƛƭƭƻƴ ŀƴŀƭȅǎŞ Şǘŀƛǘ ŘŜ мр 

ŀƴǎ ǎŜǳƭŜƳŜƴǘΣ Ŝǘ ŎŜǘǘŜ ǊŜƭŀǘƛƻƴ ŜƴǘǊŜ ƭΩŃƎŜ ŘŜǎ ǇŀǊǘŜƴŀƛǊŜǎ ƳŞǊƛǘŜǊŀƛŜƴǘ ŘΩşǘǊŜ Ł nouveau 

ƛƴǾŜǎǘƛƎǳŞŜ ŀǾŜŎ ǳƴŜ ƎŀƳƳŜ ŘΩŃƎŜ Ǉƭǳǎ ǊŜǇǊŞǎŜƴǘŀǘƛǾŜΦ   
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 [Ωƛƴǎǘŀƭƭŀǘƛƻƴ ŘŜǎ ƛƴŘƛǾƛŘǳǎ ǎǳǊ ƭŜǎ ǎƛǘŜǎ ŘŜ ǊŜǇǊƻŘǳŎǘƛƻƴ ƴŜ ǎŜ Ŧŀƛǘ Ǉŀǎ ƴƻƴ Ǉƭǳǎ 

ŀƭŞŀǘƻƛǊŜƳŜƴǘ Ŝƴ ŦƻƴŎǘƛƻƴ ŘŜ ƭΩŃƎŜΦ Rendón et al. (2001) ont étudié la répartition des flamants 

Ŝƴ ŦƻƴŎǘƛƻƴ ŘŜ ƭΩŃƎŜ ǎǳǊ ŘŜǳȄ ǎƛǘŜǎ Ǿƻƛǎƛƴǎ ŘŜ ǊŜǇǊƻŘǳŎǘƛƻƴ ŘƛŦŦŞǊŀƴǘ Řŀƴǎ ƭŜǳǊ ǉǳŀƭƛǘŞΦ [Ŝ 

premier offre une protection plus efficace contre les prédateurs et un succès reproducteur 

plus élevé que le second.  Leur étude a montré que les jeunes individus se reproduisaient en 

ƳŀƧƻǊƛǘŞ ǎǳǊ ƭŜ ǎŜŎƻƴŘ ǎƛǘŜ Ƴŀƛǎ ǎŜǳƭŜƳŜƴǘ ŀǇǊŝǎ ŀǾƻƛǊ ŜǎǎŀȅŞ ŘŜ ǎΩƛƴǎǘŀƭƭŜǊ ǎǳǊ ƭŜ ǎƛǘŜ ŘŜ Ǉƭǳǎ 

haute qualité. Ceci suggère une exclusion des sites de haute qualité des jeunes individus par 

leurs ainés, soulignant une distribution idéale despotique des individus sur les habitats de 

reproduction.  

9ƴŦƛƴΣ ŘǳǊŀƴǘ ƭŀ ƴƛŘƛŦƛŎŀǘƛƻƴΣ ƭŀ ǇǊƻōŀōƛƭƛǘŞ ŘŜ ǎǳŎŎŝǎ ŘΩŞŎƭƻǎƛƻƴ ŀǳƎƳŜƴǘŜ ŀǾŜŎ ƭΩŃƎŜΣ 

ŀƭƻǊǎ ǉǳΩǳƴŜ Ŧƻƛǎ ƭŜ Ǉƻǳǎǎƛƴ ƴŞΣ ƭΩŃƎŜ ŘŜǎ ǇŀǊŜƴǘǎ ƴŜ ǎŜƳōƭŜ Ǉƭǳǎ ŀǾƻƛǊ ŘΩŜŦŦŜǘ ǎǳǊ ƭŀ ǇǊƻōŀōƛƭƛǘŞ 

ŘΩŞƭŜǾŜǊ ǳƴ ƧŜǳƴŜ ƧǳǎǉǳΩŁ ƭΩŜƴǾƻƭ (Schmaltz et al. 2011).  

/ƘŜȊ ƭŜǎ ŦƭŀƳŀƴǘǎΣ ƭΩŃƎŜ ŀǇǇŀǊŀƛǘ ŀƛƴǎƛ ŎƻƳƳŜ ǳƴ ŦŀŎǘŜǳǊ ƛƴŦƭǳŜƴœŀƴǘ ŘŜ ƴƻƳōǊŜǳȄ 

ŎƻƳǇƻǊǘŜƳŜƴǘǎ ƛƳǇƭƛǉǳŞǎ Řŀƴǎ ƭŀ ǊŜǇǊƻŘǳŎǘƛƻƴΦ [ΩŀƳŞƭƛƻǊŀǘƛƻƴ ŘŜǎ ǇŜǊŦƻǊƳŀƴŎŜǎ 

ǊŜǇǊƻŘǳŎǘƛǾŜǎ Ŝǘ ƭΩŀǳƎƳŜƴǘŀǘƛƻƴ ŘŜ ƭΩƘŀōƛƭƛǘŞ ŎƻƳǇŞǘƛǘƛǾŜ ŀǾŜŎ ƭΩŃƎŜ Şǘŀƴǘ ǇǊƻōŀōƭŜƳŜƴǘ ƭŀ 

ŎƻƴǎŞǉǳŜƴŎŜ ŘŜ ƭŀ ƳŀǘǳǊŀǘƛƻƴ ǇƘȅǎƛǉǳŜ ŘŜǎ ƛƴŘƛǾƛŘǳǎ Ŝǘ ŘŜ ƭΩŜȄǇŞǊƛŜƴŎŜ ŀŎǉǳƛǎŜ (Pradel et al. 

2012).  

Mâles et femelles participent à toutes les étapes de la reproduction de sorte que leurs 

rôles sont peu différenciés. Ils expriment cependant quelques différences dans leurs 

caractéristiques reproductrices. Les femelles se reproduisant avant 7 ans affichent une 

mortalité élevée reflétant probablement une capacité réduite à faire face aux coûts 

physiologiques de la reproduction (Tavecchia et al. 2001).  5ǳǊŀƴǘ ƭŀ ǇŞǊƛƻŘŜ ŘΩŞƭŜǾŀƎŜΣ ƭŜǎ 

mâles sembƭŜƴǘ ƛƴǾŜǎǘƛǊ Ǉƭǳǎ ŘΩŞƴŜǊƎƛŜ Řŀƴǎ ƭŜ ƴƻǳǊǊƛǎǎŀƎŜ Ŝǘ ŎŜƭŀ Ŝǎǘ ŘΩŀǳǘŀƴǘ Ǉƭǳǎ ŦƻǊǘ ǉǳŜ ƭŜ 

poussin est âgé (Cézilly et al. 1994; Rendón et al. 2014)Φ ¢ƻǳƧƻǳǊǎ ŘǳǊŀƴǘ ƭΩŞƭŜǾŀƎŜ ŘŜǎ ƧŜǳƴŜǎΣ 

les comportements associés au nourrissage diffèrent entre mâle et femelle. Les deux sexes 

ƴΩǳǘƛƭƛǎŜƴǘ Ǉŀǎ ƭŜǎ ƳşƳŜǎ ǎŜŎǘŜǳǊǎ ŘΩŀƭƛƳŜƴǘŀǘƛƻƴΣ Ŝǘ ƭŜǎ ƳŃƭŜǎ ŘŞƭƛǾǊŜƴǘ ŘŜ ƭŀ ƴƻǳǊǊƛǘǳǊŜ ŘΩǳƴ 

plus haut niveau trophique à leur poussin (Rendón et al. 2014).   
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Figure 4 Υ {ǳŎŎŝǎ ǊŜǇǊƻŘǳŎǘŜǳǊ Ŝƴ ŦƻƴŎǘƛƻƴ ŘŜ ƭΩŃƎŜ ŘŜǎ ƛƴŘƛǾƛŘǳǎ ŘŜ ƭŀ ŎƻƭƻƴƛŜ ŘŜ /ŀƳŀǊƎǳŜΣ ŎŀƭŎǳƭŞ Ł 

partir de 15 cohortes différentes (individus vus en succès / individus vus en incubation) 
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Les objectifs de la thèse 

 [Ŝ ōǳǘ ŘŜ ŎŜǘǘŜ ǘƘŝǎŜ Ŝǎǘ ŘΩŜȄǇƭƻǊŜǊ ƭΩŜŦŦŜǘ ŘŜ ƭΩŃƎŜ Ŝǘ Řǳ ǎŜȄŜ ǎǳǊ ƭŀ ǊŜǇǊƻŘǳŎǘƛƻƴ ŘŜǎ 

flamants roses, et ce, à plusieurs étapes de la reproduction en couplant des approches 

utilisées en écologie comportementale et en dynamique des populations. 

 5ŀƴǎ ǳƴ ǇǊŜƳƛŜǊ ǘŜƳǇǎΣ ƴƻǳǎ ƴƻǳǎ ǎƻƳƳŜǎ ƛƴǘŞǊŜǎǎŞǎ Ł ƭΩŀŎŎŝǎ ŀǳ ǇŀǊǘŜƴŀƛǊŜ ǎŜȄǳŜƭΦ 

[ΩƘƻƳƻƎŀƳƛŜ ǇƻǳǊ ƭΩŃƎŜ ŜƴǘǊŜ ƭŜǎ ǇŀǊǘŜƴŀƛǊŜǎ ǎŜȄǳŜƭǎ ǇŜǳǘ ǊŞǎǳƭǘŜǊ ŘΩǳƴŜ ǇǊŞŦŞǊŜƴŎŜ ƭƛŞŜ Ł 

ƭΩŃƎŜ (Kokko and Lindstrom 1996) ƻǳ ƭƛŞŜ Ł ǳƴ ŀǘǘǊƛōǳǘ ŞǘǊƻƛǘŜƳŜƴǘ ŀǎǎƻŎƛŞ Ł ƭΩâge comme 

ƭΩŜȄǇŞǊƛŜƴŎŜ (Jouventin et al. 1999). Les parades nuptiales étant un moment privilégié 

ŘΩŞŎƘŀƴƎŜǎ ŘΩƛƴŦƻǊƳŀǘƛƻƴǎ ŜƴǘǊŜ ƛƴŘƛǾƛŘǳǎΣ ƻƴ ǎΩŀǘǘŜƴŘ Ł ŎŜ ǉǳΩƛƭ ȅ ŀƛǘ ǳƴ ƭƛŜƴ ŜƴǘǊŜ ǎƛƎƴŀǳȄ 

ǎŜȄǳŜƭǎ Ŝǘ ŃƎŜ ŘŜǎ ƛƴŘƛǾƛŘǳǎΣ ƳŜƴŀƴǘ Ł ŎŜǘǘŜ ƘƻƳƻƎŀƳƛŜ ǇƻǳǊ ƭΩŃƎŜΦ bƻǳǎ ƴƻǳǎ ǎƻƳƳŜǎ ŘƻƴŎ 

interrogés sur la variabilité entre individus des comportements associés aux parades 

ƴǳǇǘƛŀƭŜǎΣ Ŝǘ ǎΩƛƭ ŜȄƛǎǘŀƛǘ ǳƴ ƭƛŜƴ ŜƴǘǊŜ ŎŜǘǘŜ ǾŀǊƛŀǘƛƻƴ Ŝǘ ƭΩŃƎŜ ŘŜǎ ƛƴŘƛǾƛŘǳǎΣ ǇƻǘŜƴǘƛŜƭƭŜƳŜƴǘ 

façonné par le sexe. Pour cela nous avons relevé la fréquence des différents comportements, 

décrit la structure de séquences comportementales, et mesuré la coloration des oiseaux, puis 

ƴƻǳǎ ŀǾƻƴǎ ǊŜƎŀǊŘŞ ŎƻƳƳŜƴǘ ƭΩŃƎŜ Ŝǘ ƭŜ ǎŜȄŜ ŘŜǎ ƛƴŘƛǾƛŘǳǎ ƛƴŦƭǳŀƛŜƴǘ ǎǳǊ ŎŜǎ ŎƻƳǇƻǎŀƴǘŜǎ 

όŎƘŀǇƛǘǊŜ мύΦ 9ƴǎǳƛǘŜ ƴƻǳǎ ŀǾƻƴǎ ǇƻǳǎǎŞ Ǉƭǳǎ ƭƻƛƴ ƭΩŜȄǇƭƻǊŀǘƛƻƴ ŘŜ ƭŀ ǎǘǊǳŎǘǳǊŜ ŘŜǎ ǎŞǉǳŜƴŎŜǎ 

comportementales des parades nuptiales en nous intéressant à leur complexité (chapitre 2). 

La complexité des parades est considérée comme indicateur des performances motrices des 

individus (Hebets et al. 2011; Barske et al. 2011), et par conséquent comme signal honnête de 

la qualité reproductrice des individus. Nous avons donc étudié la variabilité de cette 

complexité entre individusΣ Ŝǘ ŎƻƳƳŜƴǘ ŜƭƭŜ ǇƻǳǾŀƛǘ şǘǊŜ ŜȄǇƭƛǉǳŞŜ ǇŀǊ ƭΩŃƎŜ Ŝǘ ƭŜ ǎŜȄŜ ŘŜǎ 

ƛƴŘƛǾƛŘǳǎΦ tŀǊ ƭŀ ǎǳƛǘŜΣ ƴƻǳǎ ŀǾƻƴǎ ŜȄŀƳƛƴŞ ƭΩƛƳǇƭƛŎŀǘƛƻƴ ŘŜ ƭŀ ŎƻƳǇƭŜȄƛǘŞ ŘŜǎ ǎŞǉǳŜƴŎŜǎ 

ŎƻƳǇƻǊǘŜƳŜƴǘŀƭŜǎ Řŀƴǎ ƭΩŀǇǇŀǊƛŜƳŜƴǘ Ŝǘ ǎǳǊ ƭΩŀŎŎŝǎ Ł ƭŀ ǊŜǇǊƻŘǳŎǘƛƻƴΦ 

 Dans le chapitre 3 nous nous sommes intéressés à la fin de la reproduction en nous 

ŦƻŎŀƭƛǎŀƴǘ ǎǳǊ ƭŀ ŎƻƴŘƛǘƛƻƴ ŎƻǊǇƻǊŜƭƭŜ Řǳ Ǉƻǳǎǎƛƴ ŀǾŀƴǘ ƭΩŜƴǾƻƭΣ ƳŜǎǳǊŞŜ ƭƻǊǎ Řǳ ōŀƎǳŀƎŜΦ [Ŝǎ 

ŎƻƳǇƻǊǘŜƳŜƴǘǎ ƭƛŞǎ Ł ƭŀ ǇŞǊƛƻŘŜ ŘΩŞƭŜǾŀƎŜ ƻƴǘ ŞǘŞ ŘŞƧŁ ŞǘǳŘƛŞǎ ŎƘŜȊ ŎŜǘǘŜ ŜǎǇŝŎŜΣ Ƴŀƛǎ 

ƭΩƛƴŦƭǳŜƴŎŜ ŘŜǎ ŎŀǊŀŎǘéristiques intrinsèques des parents sur la condition corporelle du poussin 

ƴΩŀ ƧŀƳŀƛǎ ŞǘŞ ǊŜƎŀǊŘŞŜΦ /ƘŜȊ ƭŜǎ ŜǎǇŝŎŜǎ ƭƻƴƎŞǾƛǾŜǎΣ ƭŀ ŎƻƴŘƛǘƛƻƴ Řǳ Ǉƻǳǎǎƛƴ ǇŜǳǘ ŀǾƻƛǊ ŘŜǎ 

conséquences à court et à long terme sur sa vie future (Lindström 1999; Nowicki et al. 2000; 

Lummaa 2003)Σ Ŝƴ ƛƴŦƭǳŜƴœŀƴǘ ǇƻǎƛǘƛǾŜƳŜƴǘ ǎŀ ǎǳǊǾƛŜ ŀǇǊŝǎ ƭΩŜƴǾƻƭΣ ǎŀ ǇǊƻōŀōƛƭƛǘŞ ŘŜ ǊŜŎǊǳǘŜǊ 

dans la population, sa future attractivité sexuelle et ses futures performances reproductives, 
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ŜǘŎΦ !ƛƴǎƛ ƭŜǎ ǇŀǊŜƴǘǎ ŘŜǾǊŀƛŜƴǘ ƻǇǘƛƳƛǎŜǊ ƭŀ ŎƻƴŘƛǘƛƻƴ ŘŜǎ Ǉƻǳǎǎƛƴǎ ŀŦƛƴ ŘΩƻǇǘƛƳƛǎŜǊ ƭŜǳǊ ǇǊƻǇǊŜ 

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

des poussins en meilleure condition que les jeunes parents. De même, la condition avant 

ƭΩŜƴǾƻƭ ǇƻǳǾŀƴǘ ƛƴŦƭǳŜƴŎŜǊ ƭŜǎ ŦǳǘǳǊŜǎ ŎƻƳǇŞǘŜƴŎŜǎ ǊŜǇǊƻŘǳŎǘǊƛŎŜǎΣ ƴƻǳǎ ŀǾƻƴǎ ǘŜǎǘŞ 

ƭΩƛƴŦƭǳŜƴŎŜ ŘŜ ƭŀ ŎƻƴŘƛǘƛƻƴ ŘŜǎ ǇŀǊŜƴǘǎ ƭƻǊǎǉǳΩƛƭǎ ŞǘŀƛŜƴǘ Ǉƻǳǎǎƛƴ ǎǳǊ ƭŀ ŎƻƴŘƛǘƛƻƴ ŘŜ ƭŜǳǊ 

poussin, et ce en interaction avec leur âge en tant que parents. Et comme précédemment, 

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

ŎƻƴŘƛǘƛƻƴ ƭƻǊǎǉǳΩƛƭǎ ŞǘŀƛŜƴǘ Ǉƻǳǎǎƛƴ ŞǘŀƛŜƴǘ ŘƛŦŦŞǊŜƴǘŜǎ Ŝƴ ŦƻƴŎǘƛƻƴ Řǳ ǎŜȄŜ ŘŜǎ ǇŀǊŜƴǘǎΦ 

 5ŀƴǎ ƭŜ ŎƘŀǇƛǘǊŜ пΣ ƴƻǳǎ ƴƻǳǎ ǎƻƳƳŜǎ ǇƭŀŎŞǎ Ł ƭΩŞŎƘŜƭƭŜ ŘŜ ƭŀ ǾƛŜ ŘŜ ƭΩƛƴŘƛǾƛŘǳΦ bƻǳǎ 

ŀǾƻƴǎ ŞǘǳŘƛŞ ƭŀ ǾŀǊƛŀōƛƭƛǘŞ ŘŜ ƭΩŃƎŜ Ł ƭŀ ǇǊŜƳƛŝǊŜ ǊŜǇǊƻŘǳŎǘƛƻƴΣ ǇŀǊŀƳŝǘǊŜ ŘŞƳƻƎǊŀǇƘƛǉǳŜ ŎƭŞ 

façonnant les stratégies d'histoire de vie (Stearns 1976)Φ 9ƴ ŜŦŦŜǘΣ ƭΩŃƎŜ ŀǳǉǳŜƭ ǳƴ ƛƴŘƛǾƛŘǳ ǎŜ 

ǊŜǇǊƻŘǳƛǘ ǇƻǳǊ ƭŀ ǇǊŜƳƛŝǊŜ Ŧƻƛǎ Ŝǎǘ ǎǳǎŎŜǇǘƛōƭŜ ŘΩƛƴŦƭǳŜƴŎŜǊ ƭŀ ǎǳǊǾƛŜ Ŝǘ ƭŜ ǎǳŎŎŝǎ ǊŜǇǊƻŘǳŎǘŜǳǊ 

Ǝƭƻōŀƭ ŘŜ ƭΩƛƴŘƛǾƛŘǳ (McGraw and Caswell 1996; Oli et al. 2002; Krüger 2005; Aubry et al. 2009). 

Le but de ce chapitre est donc de comprendre quelles sont les relations entre âge à la première 

reproduction, durée de vie et succès reproducteur global et comment ces relations peuvent 

différer entre les deux sexes.  
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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. However, because of 

fundamental differences between sexes due to sexual selection, subtle difference in sexual 

behaviour could remain. We examined sex-related differences in courtship display of the 

Greater flamingo (Phoenicopterus roseus), a monogamous species where both parents share 

parental duties. For that we recorded behavioural sequence of courtship display for 100 

individuals, as well as their plumage coloration known 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 competition in 

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.  

  



22 
 

  



23 
 

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 choice (Darwin 1871; Andersson and 

Norberg 1981; Parker 1983; Jones and Hunter 1993; Johnstone et al. 1996; Bergstrom and 

Real 2000). This is particularly true of monogamous species, when the encounter rate between 

potential mates is high (Kokko and Johnstone 2002).  

Parents can share parental care in two ways. First males and females can express sex-

specific task specialization as parental care includes various behaviors (Barta et al. 2014). For 

instance in raptors, females typically incubate the eggs and chicks, while males hunt for food 

for their mate and their offspring (Andersson and Norberg 1981). Consequently, 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 successfully are similar between sexes, what 

should lead to similar selective pressures in both sexes in the context of sexual selection, and, 

thus, to sexual monomorphic signaling (Kokko and Johnstone 2002; Kraaijeveld et al. 2007). 

Hence, divergence in sexual behaviors between sexes during mate choice process 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 sexual behaviors between sexes (Kelley 1988; 

Schärer et al. 2012). For example, only females lay and invest in egg in oviparous species, or 

ǇŜǊŦƻǊƳŜŘ ƎŜǎǘŀǘƛƻƴ ŀƴŘ ƭŀŎǘŀǘƛƻƴ ƛƴ ƳŀƳƳŀƭΩǎ ǎǇŜŎƛŜǎΣ ǿƘŜǊŜŀǎ only males are facing sperm 

competition. 

In that respect, flamingos (Phoenicopteridae) might be a particularly well-suited 

species to investigate sex-related variation in courtship behavior. In all flamingo species, birds 

are strictly monogamous and both sexes 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 mixed-sex group (or communal) displays, which are 

supposed to stimulate synchronous breeding and facilitate pair formation. Up to several 



24 
 

thousand individuals then form dense aggregations and perform in synchrony a variety of 20 

movements in a more 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 sex-related differences in sexual behavior in a monogamous species where 

sexual roles seem a priori similar. Several studies described courtship displays and sex-related 

behavior, but only in captive flamingo. Indeed, in captive Caribbean flamingos, displays are 

initiated by males, which display longer and more vigorously than females (Rooth 1965; Kahl 

1975) while hΩŎƻƴƴŜƭƭ-Rodwell et al. (2004) did 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 pattern of behavioral sequences is similar between sexes in Caribbean 

and Greater flamingo (Studer-Thiersch 1975). However even if studies in captive individuals 

give precious information on animal behavior, differences can be expected with wild 

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 seasons (Studer-Thiersch 1975; Pickering 1992) although wild birds express 

a mate-switching rate between consecutive breeding seasons of 98.3% (Cézilly and Johnson 

1995). 

We therefore aimed to investigate sex-related differences in sexual behaviors in wild 

flamingos to know if a 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 sex-related differences in courtship behavior of wild greater flamingos 

(Phoenicopterus roseus), a long-lived colonial and monogamous species displaying multimodal 

signals. The fact that individuals divorce systematically between two consecutive breeding 

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 between carotenoid-based crimson 

remiges and melanin-based black ones. Carotenoid-based plumage is dependent on diet (as 

birds cannot synthesize carotenoids de novo), and is thought to reflect current condition. 

Moreover, in birds, female carotenoid-based plumage has been shown to inform about its 

capacity to invest in progeny via maternal effects (McGraw et al. 2005). Indeed carotenoids 

present in egg yolks and transmitted by female, play a central role during embryo 

development and at hatching (Möller et al. 2000; Saino et al. 2003; Romano et al. 2008; 
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Newbrey and Reed 2009). In the greater flamingo carotenoid-based plumage is known to be 

an important and honest signal of reproductive quality during courtship display (Amat et al. 

2010; Freeman et al. 2016). We 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 same-sex individual (personal observations) which could reflect 

intrasexual competition for mate access (Weir et al. 2011; Rosvall 2011).  

We first investigated sex-related variation of courtship display, focusing on structure 

of behavioral sequences and posture occurrences. 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 sex on courtship dance in interaction with age. We then explored 

variations of carotenoid-based 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 ό.ŀƭƪƤȊ Ŝǘ ŀƭΦ нллтύ, during 

two consecutive seasons of courtship displays (November to March in both 2014 and 2015). 

Since 1977, on average, 12 % (7-30%) of the chicks fledged in the Camargue have been marked 

with PVC plastic rings engraved with a three or four digit alphanumerical code (Johnson 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 through blood sampling and molecular analyses ό.ŀƭƪƤȊ Ŝǘ ŀƭΦ нллтύ. 

Ringing 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 sur la Biologie des Populations d'Oiseaux (CRBPO, Muséum national d'histoire 

naturelle, France). 

Using a FullHD video camera equipped with a 60x zoom (20-1200 mm, Panasonic Lumix 

FZ72), we recorded the 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 the 5-min time-period due to movements of individuals 
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or because the focal bird stop displaying. We thus selected 100 focal-individual sequences of 

different individuals (50 females, 50 males) where the display behavior had been recorded 

continuously for five minutes. For each individual sequence, we recorded the group size of the 

courtship display, the hour of the day and the date (because such variables were previously 

found to influence display behavior in flamingos (Johnson and Cézilly 2007). Behavioral 

sequences were then coded using the JWatcher software (Blumstein and Daniel 2007). 

Following previous studies of the display repertoire of the Greater flamingo (Johnson and 

Cézilly 2007), nine different postures were recognized (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 time spent in head flagging and preening was recorded (in seconds). The 

seven other behaviors and aggressive behaviors were considered as instantaneous. The 

frequency of false feeding and twist-preen were recorded. As wing 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 following Amat et al. (2010) but 

using four color levels for 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 (intra-class correlation between 

CH and CP: r = 0.805, p < 0.001). Although we used a coarse color scoring method, human 

vision may provide a valid proxy for avian perception of inter-individual differences in plumage 

coloration (Hill et al. 1999; Seddon et al. 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 inserted a break code between 

each sequences in order not to create non-existent transitions between movements so that 



27 
 

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 posture occurrence. 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 the marching and wing-leg stretch movements which 

were very rare (probability of occurrence < 0.01 %), from the dataset by replacing them with 

a break code. We used log-linear 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 transitions were significant (Bakeman and Gottman 1997). A transition implies a 

change, so the structural zeros in matrices (i.e. empty diagonal) were taken into account for 

the calculation of expected transitions matrices. For each transition we then used z-scores to 

identify which transitions did not result from a random process. We finally compared the 

behavioral transition matrix of both sexes using the Mantel's permutation test for similarity 

of the two matrices using the ape package in R (Hemerik et al. 2006; Paradis et al. 2016). The 

Mantel's permutation test permutes the rows and columns of the two matrices randomly and 

calculates a Z-statistic. The significance of the correlations was based on 2,000 permutations 

ƛƴ ƻǊŘŜǊ ǘƻ ŀǎǎŜǎǎ Ƙƻǿ ŜȄǘǊŜƳŜ ǘƘŜ ŀŎǘǳŀƭ aŀƴǘŜƭΩǎ Z value was, relative to the Z values 

generated under the null hypothesis of no association between the compared matrices (Dietz 

1983).  

Then we investigated if the age and sex of 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 performing head flagging 

and 56 ± 4 seconds preening so 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 ς -0.81) such that these two variables were not 

independent. Therefore, we performed multivariate multiple linear regression to determine 

if there were significant changes in head flagging time and preening time according to sex and 

age and their interaction. The complete model contained the interaction between sex and 

age, the quadratic effect 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 the mStep function from the qtlmt package in R (Cheng 2015) to drop 

terms from the model sequentially, using Akaike Information Criterion (AIC) (Cheng, 2013). 

We conducted stepwise procedures for backward stepwise regression, starting with all of the 
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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 first used from generalized linear model with a 

Poisson distribution to analyze the occurrence of false feeding, but model assumptions 

(normality and homoscedasticity of data and residuals) were not meet. To solve it, we applied 

a square root transformation and we used linear model. Variation in the occurrence of twist 

preen was 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 of wing salute, inverse wing salute, scratching, marching and 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 the day, date of the year, year, 

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. normality and 

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%CI = -0.643; -0.274), for all complete models, we 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 as co-variable 

provided similar results.  

Following recent recommendations to produce model estimates comparable between 

and within studies (Schielzeth 2010; Grueber et al. 2011), we standardized all explanatory 

variables by centering and dividing by two standard deviations using the arm package (Gelman 

et al. 2015). To prevent overparameterization, we respected the sample size rule-of thumb of 

10 : 1 subjects to predictors in multiple regression (Harrell 2015). Model selection was based 

on Akaike Information Criterion corrected for small sample size (AICc) (Burnham and Anderson 

2002). When several models were within a ɲAICc of 2 from the best model, we employed a 

model averaging approach, using the so-called zero method (Burnham and Anderson 2002) 

implemented in the MuMIn package of R ό.ŀǊǘƻƵ нлмрύ on models within two points of AICc 

from the best one. This allows accounting for model selection uncertainty in order to obtain 

robust parameter estimates (Grueber et al. 2011).  
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All analyses were conducted with R 3.0.3 (R Development 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 sex (Fig. 1). However, females 

performed more preening and false feeding postures 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 (Fig. 2a). In males, 27 different transitions were observed and only 10 

transitions were statistically more frequent than expected by chance (Fig. 2b). 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 explaining head flagging and preening duration variability included the age 

and the sex of individuals and their interaction as explanatory variables τ none of the other 

covariates significantly improved the model (i.e., no other covariates reduced AIC). In female, 

head flagging and preening duration remained constant with age (head flagging: ß = -1.06, 

95% CI = -2.98 ς 0.85; preening: ß = 1.20, 95% CI = -0.38 ς 2.78). In contrast, head flagging 

duration increased with age in males while preening time decreased (head flagging: ß = 3.15, 

95% CI = 1.28 ς 5.03; preening: ß = -2.46, 95% CI = -3.79 ς -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 duration of head 

flagging and preening in females were more close to those of young males (head flagging: 

mean = 181.14 ± 8.03 SE, preening: mean = 65.48 ± 6.71 SE)  

For scratching probability, 12 models were retained (Table 2), but model averaging did 

not indicate any significant effect (Table 3). The top model set attempting to explain variation 

in the occurrence of the five other behaviors (false feeding, wing-salute, inverse wing salute, 
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marching, twist-preen) includes the null model (S1), so none of the variables considered 

seemed to influence the occurrence of these movements. 

 

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 increased with age in males 

while it remained constant for females (males: ß = 0.13, 95% CI = 0.02 ς 0.26; females: ß = -

0.03, 95% CI = -0.10 ς 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 predicted to express 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 (Table 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, df = 49, p = 

0.13). 

 

Discussion 

Our study shows that females and males Greater flamingo performed quasi-similar courtship 

choreographies during their communal displays. Indeed, postures occurrences and their 

transitions making up the courtship dances followed the same pattern regardless of sex. 

Nevertheless, with age, males increased time spent doing head flagging, their rate of 

aggressiveness and decreased the time spent preening while no change in courtship display 

with age was observed for females. Moreover, females display a more intense pink 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 courtship dance 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 sex (Perrot et al. in press). Due to the energy and time cost associated with their 

realization, courtship dances have often been considered to reflect individual motor 

performance such as coordination and balance (Byers 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 the capacity for 

an individual to perform parental care (Byers et al. 2010). In the greater 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 per m² (Johnson 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 honest signal 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 of head flagging duration and aggressiveness rate and a decreased of preening 

duration in males when they get older while in female these behaviors remain constant. 

Preening is a solitary and static behavior often performed on the periphery of the courtship 

group while head flagging is performed in interaction with conspecifics. Indeed during head 

flagging, individuals move close to each other (approximately 1 meter) and call loudly.  

Intuitively, head flagging seems to require more energy than preening behavior. 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 flamingo, a species 

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 aggressive than females. This suggests 

that intra-sexual competition for mate access is probably more intense in males in flamingo 

species which could be the result of a biased operational sex ratio (OSR) in the population, 

defined as the ratio of the numbers of sexually receptive 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 will make 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 (Clutton-Brock 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 (Tavecchia et al. 2001), 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 individuals was 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 OSR in our 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 extra-pair copulation resulting in uncertain paternity, males are expected to invest 

heavily in breeding territorial acquisition and defence and in mate guarding in monogamous 

species (Burger 1981). In the greater flamingos, to our knowledge, acquisition of nest on the 

breeding island is not documented, but mate guarding is known to last several weeks before 

egg laying (Johnson and Cézilly 2007) and extra-pair 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 age of head flagging duration and aggressiveness in males, 

it could be the result of an age-related dominance process during courtship display like in 

other bird species (Collis and Borgia 1992; Magaña et al. 2011). More precisely, in 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. 

Age-related behavioral dominance in greater flamingos has been found to explain the 

monopolization of the best nest sites by older males in a densely populated breeding colony 

in Spain (Rendón et al. 2001). In addition, a positive correlation between age and aggression 

in males has been observed during the pair-bonding period in the Caribbean flamingo (Hinton 

et al. 2013) such as dominance hierarchy through agonistic behaviours in captive flocks (Royer 

and Anderson 2014; Rose and Croft 2015). Study of interactions between individuals within 
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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 uropygial secretions 

containing carotenoids pigments through a preening behavior 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. This higher coloration intensity in 

females could thus be the result of different processes which are not mutually exclusive. First, 

in addition to reflecting current condition, carotenoid-based plumage is also thought to inform 

about the female capacity to invest in progeny (Blount et al. 2002; McGraw et al. 2005; 

Midamegbe et al. 2013), so 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 trade-offs. First, the increase in time spent in head flagging could come at the 

expense of the time spent in preening, leading to a lower intensity of plumage coloration in 

males. Second, the lower coloration in males could result from a trade-off in the allocation of 

carotenoids to self-maintenance or to plumage color (Svensson and Wong 2011). Due to the 

cost of head flagging and aggressive behaviors, carotenoids obtained through the diet could 

therefore be preferentially used by males 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 probably reflecting 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 during mate access process.  

 

 

  



34 
 

References 

Amat JA, Rendón MA, Garrido-Fernández J, Garrido A, Rendón-Martos M, Pérez-Gálvez A. 
2010. Greater flamingos Phoenicopterus roseus use uropygial secretions as make-up. Behav. 
Ecol. Sociobiol. 65:665ς673. 

Andersson M, Norberg RÅ. 1981. Evolution of reversed sexual size dimorphism and role 
partitioning among predatory birds, with a size scaling of flight performance. ResearchGate 
15:105ς130. 

Bakeman R, Gottman JM. 1997. Observing Interaction: An Introduction to Sequential Analysis. 
2 edition. New York: Cambridge University Press. 

Balkiz Ö, Dano S, Barbraud C, Tekin S, Özesmi U, Dündar M, Béchet A. 2007. Sexing Greater 
Flamingo Chicks from Feather Bulb DNA. Waterbirds 30:450ς453. 

Barske J, Schlinger BA, Wikelski M, Fusani L. 2011 Apr 20. Female choice for male motor skills. 
Proc. R. Soc. Lond. B Biol. Sci.:rspb20110382. 

Barta Z, Székely T, Liker A, Harrison F, Nonacs AEP, Bronstein EJL. 2014. Social Role 
Specialization Promotes Cooperation between Parents. Am. Nat. 183:747ς761. 

.ŀǊǘƻƵ YΦ нлмрΦ aǳaLƴΥ aǳƭǘƛ-Model Inference. https://cran.r-
project.org/web/packages/MuMIn/index.html 

Bergstrom CT, Real LA. 2000. Toward a theory of mutual mate choice: Lessons from two-sided 
matching. . https://digital.lib.washington.edu:443/researchworks/handle/1773/2003 

Blount JD, Surai PF, Nager RG, Houston DC, Møller AP, Trewby ML, Kennedy MW. 2002. 
Carotenoids and egg quality in the lesser black-backed gull Larus fuscus: a supplemental 
feeding study of maternal effects. Proc. R. Soc. Lond. B Biol. Sci. 269:29ς36. 

Blumstein DT, Daniel JC. 2007. Quantifying behavior the JWatcher way. Sinauer Associates 
Incorporated. 

Burger J. 1981. Sexual Differences in Parental Activities of Breeding Black Skimmers. Am. Nat. 
117:975ς984. 

Burnham KP, Anderson DR. 2002. Model Selection and Multimodel Inference: A Practical 
Information-Theoretic Approach. Springer Science & Business Media. 

Byers J, Hebets E, Podos J. 2010. Female mate choice based upon male motor performance. 
Anim. Behav. 79:771ς778. 

Cézilly F, Johnson AR. 1995. Re-mating between and within breeding seasons in the Greater 
Flamingo Phoenicopterus ruber roseus. Ibis 137:543ς546. 

Cheng R. 2015. qtlmt: Tools for Mapping Multiple Complex Traits. https://cran.r-
project.org/web/packages/qtlmt/index.html 



35 
 

Collis K, Borgia G. 1992. Age-Related Effects of Testosterone, Plumage, and Experience on 
Aggression and Social Dominance in Juvenile Male Satin Bowerbirds (Ptilonorhynchus 
violaceus). The Auk 109:422ς434. 

Darwin C. 1871. The descent of man, and selection in relation to sex. Murray. 

Dietz EJ. 1983. Permutation Tests for Association Between Two Distance Matrices. Syst. Biol. 
32:21ς26. 

Freeman HD, Valuska AJ, Taylor RR, Ferrie GM, Grand AP, Leighty KA. 2016 Aug 1. Plumage 
variation and social partner choice in the greater flamingo (Phoenicopterus roseus). Zoo 
Biol.:n/a-n/a. 

Gelman A, Su Y-S, Yajima M, Hill J, Pittau MG, Kerman J, Zheng T, Dorie V. 2015. arm: Data 
Analysis Using Regression and Multilevel/Hierarchical Models. https://cran.r-
project.org/web/packages/arm/index.html 

Grueber CE, Nakagawa S, Laws RJ, Jamieson IG. 2011. Multimodel inference in ecology and 
evolution: challenges and solutions. J. Evol. Biol. 24:699ς711. 

Harrell F. 2015. Regression Modeling Strategies: With Applications to Linear Models, Logistic 
and Ordinal Regression, and Survival Analysis. Springer. 

Hemerik L, Bukovinszky T, Gols R, van Lenteren JC, Vet LEM. 2006. Enter the matrix: how to 
analyze the structure of behavior. Behav. Res. Methods 38:357ς363. 

Hill GE, Nolan PM, Stoehr AM. 1999. Pairing success relative to male plumage redness and 
pigment symmetry in the house finch: temporal and geographic constancy. Behav. Ecol. 
10:48ς53. 

Hinton MG, Bendelow A, Lantz S, Wey TW, Schoen L, Brockett R, Karubian J. 2013. Patterns of 
aggression among captive american flamingos (Phoenicopterus ruber). Zoo Biol. 32:445ς453. 

Johnson A, Cézilly F. 2007. The Greater Flamingo. London: T & AD Poyser. 

Johnson AR. 1997. Long-Term Studies and Conservation of Greater Flamingos in the Camargue 
and Mediterranean. Colon. Waterbirds 20:306ς315. 

Johnstone RA, Reynolds JD, Deutsch JC. 1996. Mutual Mate Choice and Sex Differences in 
Choosiness. Evolution 50:1382ς1391. 

Jones IL, Hunter FM. 1993. Mutual sexual selection in a monogamous seabird. Nature 
362:238ς239. 

Kahl MP. 1975. Ritualized display. In: Flamingos. J. & Duplaix-Hall, N. Berkhamsted: Poyser. p. 
142ς149. 

Kelley DB. 1988. Sexually Dimorphic Behaviors. Annu. Rev. Neurosci. 11:225ς251. 



36 
 

Kokko H, Johnstone RA. 2002. Why is mutual mate choice not the norm? Operational sex 
ratios, sex roles and the evolution of sexually dimorphic and monomorphic signalling. Philos. 
Trans. R. Soc. Lond. B Biol. Sci. 357:319ς330. 

Kraaijeveld K, Kraaijeveld-Smit FJL, Komdeur J. 2007. The evolution of mutual ornamentation. 
Anim. Behav. 74:657ς677. 

Magaña M, Alonso JC, Palacín C. 2011. Age-related dominance helps reduce male 
aggressiveness in great bustard leks. Anim. Behav. 82:203ς211. 

McGraw KJ, Adkins-Regan E, Parker RS. 2005. Maternally derived carotenoid pigments affect 
offspring survival, sex ratio, and sexual attractiveness in a colorful songbird. 
Naturwissenschaften 92:375ς380. 

Midamegbe A, Grégoire A, Staszewski V, Perret P, Lambrechts MM, Boulinier T, Doutrelant C. 
2013. Female blue tits with brighter yellow chests transfer more carotenoids to their eggs 
after an immune challenge. Oecologia 173:387ς397. 

Moller AP, Biard C, Blount JD, Houston DC, Ninni P, Saino N, Surai PF. 2000. Carotenoid-
dependent signals: Indicators of foraging efficiency, immunocompetence or detoxification 
ability? Avian Poult. Biol. Rev. 11:137ς159. 

Newbrey JL, Reed WL. 2009. Growth of yellow-headed blackbird Xanthocephalus 
xanthocephalus nestlings in relation to maternal body condition, egg mass, and yolk 
carotenoids concentrations. J. Avian Biol. 40:419ς429. 

hΩŎƻƴƴŜƭƭ-Rodwell CE, Rojek N, Rodwell TC, Shannon PW. 2004. Artificially induced group 
display and nesting behaviour in a reintroduced population of Caribbean Flamingo 
Phoenicopterus ruber ruber. Bird Conserv. Int. 14:55ς62. 

Paradis E, Blomberg S, Bolker B, Claude J, Cuong HS, Desper R, Didier G, Durand B, Dutheil J, 
Gascuel O, et al. 2016. ape: Analyses of Phylogenetics and Evolution. https://cran.r-
project.org/web/packages/ape/index.html 

Parker GA. 1983. Mate quality and mating decisions. In: Mate choice. Cambridge University 
Press. 

Perrot C, Béchet A, Hanzen C, Arnaud A, Pradel R, Cezilly F. in press. Sexual display complexity 
varies non-linearly with age and predicts breeding status in greater flamingos. Sci. Rep. 

Pickering SPC. 1992. The comparative breeding biology of flamingos Phoenicopteridae at The 
Wildfowl and Wetlands Trust Centre, Slimbridge. Int. Zoo Yearb. 31:139ς146. 

R Development Core Team. 2014. R: a language and environment for statistical computing. 
GBIF.ORG. [accessed 2015 Sep 29]. http://www.gbif.org/resource/81287 

Rendón MA, Garrido A, Ramírez JM, Rendón-Martos M, Amat JA. 2001. Despotic 
establishment of breeding colonies of greater flamingos, Phoenicopterus ruber, in southern 
Spain. Behav. Ecol. Sociobiol. 50:55ς60. 



37 
 

Romano M, Caprioli M, Ambrosini R, Rubolini D, Fasola M, Saino N. 2008. Maternal allocation 
strategies and differential effects of yolk carotenoids on the phenotype and viability of yellow-
legged gull (Larus michahellis) chicks in relation to sex and laying order. J. Evol. Biol. 21:1626ς
1640. 

wƻƻǘƘ WΦ мфсрΦ ¢ƘŜ ŦƭŀƳƛƴƎƻǎ ƻƴ .ƻƴŀƛǊŜ όbŜǘƘŜǊƭŀƴŘǎ !ƴǘƛƭƭŜǎύ Υ ƘŀōƛǘŀǘΣ ŘƛŜǘ ŀƴŘ ǊŜǇǊƻŘǳŎǘƛƻƴ 
ƻŦ tƘƻŜƴƛŎƻǇǘŜǊǳǎ ǊǳōŜǊ ǊǳōŜǊ κΦ ¦ǘǊŜŎƘǘ Υ bŀǘǳǳǊǿŜǘŜƴǎŎƘŀǇǇŜƭƛƧƪŜ {ǘǳŘƛŜƪǊƛƴƎ ǾƻƻǊ 
Suriname en de Nederlandse Antillen,. 

Rose PE, Croft DP. 2015. Evidence of directed interactions between individuals in captive 
flamingo flocks. Wildfowl 65:121ς132. 

Rosvall KA. 2011 Sep 8. Intrasexual competition in females: evidence for sexual selection? 
Behav. Ecol.:arr106. 

Royer EA, Anderson MJ. 2014. Evidence of a dominance hierarchy in captive Caribbean 
flamingos and its relation to pair bonding and physiological measures of health. Behav. 
Processes 105:60ς70. 

Saino N, Ferrari R, Romano M, Martinelli R, Møller AP. 2003. Experimental manipulation of 
egg carotenoids affects immunity of barn swallow nestlings. Proc. R. Soc. Lond. B Biol. Sci. 
270:2485ς2489. 

Schärer L, Rowe L, Arnqvist G. 2012. Anisogamy, chance and the evolution of sex roles. Trends 
Ecol. Evol. 27:260ς264. 

Schielzeth H. 2010. Simple means to improve the interpretability of regression coefficients. 
Methods Ecol. Evol. 1:103ς113. 

Seddon N, Tobias JA, Eaton M, Ödeen A. 2010. Human Vision can Provide a Valid Proxy for 
Avian Perception of Sexual Dichromatism. The Auk 127:283ς292. 

Studer-Thiersch A. 1975. Group display in Phoenicopterus. In: Flamingos. Poyser. 
Berkhamsted: Kear J. and Duplaix-Hall N. p. 150ς158. http://www.abebooks.co.uk/Flamingos-
Kear-J-Duplaix-Hall-N-Editors/1017322969/bd 

Svensson PA, Wong BBM. 2011. Carotenoid-based signals in behavioural ecology: a review. 
Behaviour 148:131ς189. 

Weir LK, Grant JWA, Hutchings JA, Alonzo AESH, Shaw ERG. 2011. The Influence of Operational 
Sex Ratio on the Intensity of Competition for Mates. Am. Nat. 177:167ς176. 

 

  

  



38 
 

Figures captions: 

Figure 1. Occurrence of courtship postures on a total of 250 minutes of recording for each sex 

(black bars: females, grey bars: males). HF correspond to heaf flagging movement, P to 

preening, FF to false feeding, WS to wing salute, IS to inversed wing salute, TP to twist-preen 

and S to scratching. 

Figure 2. Flow diagram to illustrate the significant transitions of (a) female postures, (b) male 

postures. The thickness of the lines is proportional to the probability of each of the possible 

transitions between postures. HF correspond to head flagging movement, P to preening, FF to 

false feeding, WS to wing salute, IS to inversed wing salute, TP to twist-preen and S to 

scratching.  

Figure 3. Relationship between head flagging (full line), preening (dashed line) duration and 

age of in male greater flamingo (Phoenicopterus roseus) within a courtship sequence of 5 

minutes.  Points correspond to observed values (full circles for head flagging duration, open 

circles for preening duration).  

Figure 4. Relationship between aggressiveness probability and age in the greater flamingo 

(Pheonicopterus roseus) in males (full line and black circle) and females (grey circles). Points 

correspond to observed values. Point size correspond to the density of individuals having the 

given value.  

Figure 5. Mean (± SE) color score of neck feathers of females (N = 50) and males (N=50) in 

the greater flamingo (Pheonicopterus roseus).  
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Fig. 3 
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Table 1. Behavioural repertoire of courtship display in the greater flamingo derived from 

Johnson and Cézilly (2007) 

 

 

  

Behaviours  

Head Flagging 

Flamingos walk with their neck stretched and flag their head from side 

to side. This movement is the most prolonged of the many which 

constitute a full display. 

Preening 
Flamingos preen their feather during several seconds, sometimes 

minutes. This behavior is often followed by a false-feeding.  

False feeding Flamingos dip their bill in water before taking it out immediately. 

Wing Salute 

In a sudden, rather butterfly like movement, flamingos throw open their 

wings to their full extent, holding them as much as 40° behind the plane 

of the body, for 1-2 seconds. Since the inside of wings is composed of 

black remiges and crimson wing-coverts, this movement produces a 

flash of colour. 

Inversed Wing 

Salute 

Flamingos bend forward from the erect position in a ñbowing stanceò 

so that the cocked tail is held higher than the chest. The neck is extended 

straight forward and in line with the body. At the same time, the wings 

are flashed partially open, providing a flash of red.  

Twist-preen 

In a sudden movement, flamingos twist their head and neck back to one 

side, drop down the wing on the same side and appear to preen behind 

the wing. An individual may repeat this movement several times in a 

quite rapid succession. 

Scratching 
In a lowered position, flamingos scratch their neck with their feet just 

behind the chin. 

Marching 
Flamingos move together in group, first rushing in one direction, then 

in another. 

Wing-leg-stretch 
Flamingos stretch outward one wing and the leg on the same side for 

1-2 seconds, much as during comfort movement. 
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Table 2. Model selection of the factors influencing scratching and aggressiveness probability 

and the score of the neck color intensity in the greater flamingo (Phoenicopterus roseus): age, 

date, sex, group size, hour and year were tested on each response variable. Models with a 

ȹAICc Ò 2 from the best model are represented. 

Response variable Models df logLik AICc ȹAICc weight 

Scratching       

 sex + year 3 -62.66 131.57 0 0.15 
 sex + date + year 4 -61.58 131.58 0 0.15 
 sex + date 3 -63.21 132.66 1.09 0.08 
 sex + age + year 4 -62.19 132.81 1.24 0.08 
 year 2 -64.36 132.84 1.27 0.08 
 sex + age + sex : age + date + year 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 : age + year 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 + age² 5 -56.22 123.07 1.6 0.15 
 sex + age + sex : age + hour 5 -56.38 123.4 1.93 0.13 

Neck color       

 sex + age + sex : age + age² + year 7 -112.1 239.41 0 0.33 
 sex + age + sex : age + age² 6 -113.83 240.57 1.15 0.19 
 sex + year 4 -116.14 240.71 1.3 0.17 
 sex + age + sex : age + year 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. Model-averaged estimates ± SE and 95%CI of parameters explaining variations in 

scratching probability, aggressiveness probability and the score of the neck plumage in greater 

flamingos.  The relative importance of each factor is calculated by summing the AIC weights 

across the top models (Table 2) where the given factor appears (last column). 

Response variable Parameters Estimate SE 
Confidence 

interval 

Sum of 

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 

 age² 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 
  age² -0.26 0.31 (-0.87 ; 0.36) 0.52 
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Supplementary materials 

S1. Model selection of the factors influencing false feeding and twist preen occurrence as well 

as wing salute, inversed wing salute, marching probability in the greater flamingo 

(Phoenicopterus roseus): age, date, sex, group size, hour and year were tested on each 

response variable. Models with a ȹAICc Ò 2 from the best model are represented. 

Response variable Models df logLik AICc ȹAICc 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 

 year + sex + age + date + hour + year:date 

+ sex : age 
9 -122.43 264.85 0.4 0.11 

 year + sex + age + date + year:date + sex : 

age 
8 -123.64 264.87 0.42 0.11 

 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 + sex : age + 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 + age² + 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 + age² + date 4 -67.01 142.43 1.92 0.06 

 sex + age + sex : age + age²   5 -65.9 142.45 1.93 0.06 

 age + age²   3 -68.13 142.5 1.99 0.05 

Inversed wing salute              

 age + age² + group size 4 -53.52 115.46 0 0.16 

 group size 2 -55.83 115.78 0.32 0.14 

 sex + age + age² + 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 + age² + date 5 -53.19 117.02 1.56 0.07 

 age + age² + date 4 -54.35 117.13 1.67 0.07 

 date 2 -56.56 117.24 1.78 0.07 

 age + age² + 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              

 null 1 -48.62 99.29 0 0.34 

 hour 2 -48.05 100.23 0.94 0.21 

 year 2 -48.25 100.62 1.34 0.17 

 group size 2 -48.48 101.08 1.79 0.14 

 age 2 -48.49 101.11 1.83 0.14 

Twist preen              

 age + age² + date 4 -245.92 173.41 0 0.37 

 date 2 -254.42 174.65 1.24 0.2 

 null 1 -258.58 175.28 1.86 0.15 

 age + age² + date + sex 5 -245.33 175.29 1.88 0.14 

  age + age² + date + hour 5 -245.37 175.32 1.9 0.14 
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Abstract 

The long-lived greater flamingo (Phoenicopterus roseus) is famous for performing 

conspicuous group displays during which adults try to acquire a new mate each year with 

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 transitions 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. SDC better explained 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 overlooked 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) when they 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 movements1,2. For 

instance, the relatively simple display of male magnificent frigatebirds, Fregata magnificens, 

consists in outstretching and vibrating wings rapidly with head thrown back, and red gular 

pouch fully blown out3. In contrast, males of several Anas duck species typically perform 

complex, highly ritualized sexual displays that include several distinct motor patterns 

organized in a fixed and ordered sequence4,5. 

Due to the energy and time cost associated with their production, complex displays 

have often been regarded as honest signals of individual quality6. For instance, in several lek-

breeding bird species, males perform complex sexual display involving different movements 

such as wing beats, foot stamping and high jumps7, with displays effort predicting male mating 

success8,9. However, the energetic cost of a display may not necessarily be related to its 

complexity. For instance, a display can consist of a single movement that is performed 

repeatedly2, such that it is energetically costly but not particularly complex. Therefore, some 

particular benefits must be associated with complexity per se.  Accordingly, various benefits 

of complex signaling have been suggested, independently of its energetic cost1. For instance, 

ŘƛŦŦŜǊŜƴǘ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ŀ ŎƻƳǇƭŜȄ ŘƛǎǇƭŀȅ Ƴŀȅ ǎƛƎƴŀƭ ŘƛŦŦŜǊŜƴǘ ŀǎǇŜŎǘǎ ƻŦ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ 

quality10,11 or work as different signals that serve to match the variable preferences of 

different receivers12. 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 response10,11,13, or a strategy to cope with the variable transmission and 

reception efficiency of different signals across different environments14,15. 

Although each of these interpretations have received some empirical support1, little is 

known about the causes and consequences of inter-individual variation in the complexity of 

άŎƻƳǇƭŜȄέ ǎŜȄǳŀƭ ŘƛǎǇƭŀȅǎ όōǳǘ ǎŜŜ16). So far, quantitative studies of sexual display complexity 

(SDC) have examined co-variation between the multiple components of the display and the 

signaling value of each one (e.g.17,18). To the best of our knowledge, no empirical study to date 

has quantified SDC and related it to individual characteristics or fitness consequences. This 
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might be due to the recurring difficulty in defining and quantifying complexity in biology19 (but 

see20), 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 female)21ς24. However, complex displays can also be observed in 

species with mutual mate choice, particularly among socially monogamous bird species25ς29. 

 It has been further suggested that large and dense social groups demand more 

complexity in signaling because of the need to transmit information to a large number of 

individuals20. In that respect, flamingos (Phoenicopteridae) might be a particularly well-suited 

species to investigate inter-individual variation in SDC. Flamingos are obligate colonial 

breeders, and perform conspicuous mixed-sex group (or communal) displays30, which 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 succession for several hours per day during the pre-

breeding period26,31ς33. The group display of flamingos is therefore a good example of 

άŎƻƳƳǳƴƛŎŀǘƛǾŜ ŎƻƳǇƭŜȄƛǘȅέ όsensu20), as it contains several structurally distinct ritualized 

elements26,31. Still, the display repertoire of flamingos remains limited in size, such that it can 

be reasonably used to quantify SDC34, defined here as the product of display richness (i.e. the 

number of different acts in a sequence) by display versatility (i.e. the number of transitions 

between acts in a sequence). 

Using a cross-sectional approach, we investigated inter-individual variation in SDC in 

the greater flamingo, Phoenicopterus roseus, taking advantage of a long-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 year26. Although the species is socially monogamous, 

it is characterized by the total absence of long-term pair bonding, with all pairs divorcing 

systematically between two consecutive breeding seasons35. This 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 succeed 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 carotenoid-based 

crimson remiges and melanin-based black ones (Fig. 1). Carotenoid-based plumage is 

dependent on diet (as birds cannot synthesize carotenoids de novo), and is thought to reflect 

current condition, whereas melanin-based plumage is synthesized as a by-product of amino-
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acid catabolism, is under genetic control, and is likely to reflect genetic quality of individuals1. 

In addition, such ornaments may act to enhance the apparent skill and vigor of individual 

motor performance during group displays6. We provide for the first time evidence for a 

quadratic age effect on SDC, suggestive of early improvement and senescence, assortative 

mating for SDC among pairs of greater flamingos, and a positive influence of SDC on the 

probability of becoming a breeding individual.  

 

Results  

The age of the focal individuals ranged from 4 to 34 years for males and from 5 to 37 for 

females. Within a five-minute courtship sequence, the number of postures varied from 2 to 8, 

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 SDC (Table 2), with SDC being higher in individuals of intermediate 

age compared to young and old ones. For instance, SDC was 1.7 times higher in 20-year-old 

individuals compared to 6 and 34 year-old 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 model averaging 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 in 20-year-old individuals 

compared to 6 and 34 year-old individuals and versatility was 1.3 times higher in 20-year-old 

individuals compared to 6 and 34 year-old 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 breeding status of individuals (Wilcoxonς

MannςWhitney test: W = 146.5, p = 0.001), with confirmed breeders having a mean SDC score 

of 61.23 (± 6.76 SE) compared to a mean SDC score of 41.14 (± 4.33 SE) in individuals not 

confirmed as breeders (Fig. 3). In addition, SDC was retained in the three best models 

explaining the probability that an individual was observed at the colony (Table 1). Model 

averaging indicated a positive influence of SDC on breeding status (Table 2). There was no 

effect of sex or age on breeding 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 (±1.793 SE; n = 21) yrs.  There was no evidence for males being older than 

females in pair, or the reverse (Wilcoxon matched-pairs 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 mating (o˃bs = 7.905; 95%CIdistribution = [7.429; 13.048]; 

Fig. 4a), indicating that age did not significantly affect pairing patterns. In contrast, the 

observed mean difference in age-related SDC between mates lied outside of the confidence 

ƛƴǘŜǊǾŀƭ ƻŦ ǘƘŜ ǎƛƳǳƭŀǘŜŘ ŘƛǎǘǊƛōǳǘƛƻƴ ōŀǎŜŘ ƻƴ ǊŀƴŘƻƳ ƳŀǘƛƴƎ ό˃obs = 7.020; 95%CIdistribution = 

[7.721, 12.779], Fig. 4b), thus suggesting homogamy for SDC.  

 

Discussion 

Our study provides strong support for the hypothesis that SDC per se is an honest signal of 

individual quality involved in mate choice1 in the greater flamingo. SDC, defined here as the 

product of display richness by display versatility, 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 probability of becoming a breeding individual, being about 50% higher in 

confirmed breeders vs. not confirmed breeders. Taken together, our results suggest that high 

SDC in greater flamingos signals high individual quality and current vigor6, and, hence, superior 

competitive ability to secure a nest site on a crowded breeding island where access to nesting 

space is very limited22. 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 them24. 

 The signal value of SDC and its energy cost may further explain the observed 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 complex displays, 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 1ºC). However, towards 

the end of the winter, as temperatures increase (average temperature of 11.2°C with minima 

near 7ºC 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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phenomena, such as an increase in hormone levels due to sustained social stimulation32. The 

existence of such a mechanism could be investigated in captive flocks of flamingos. 

 The fact that age-related variation in SDC better explains the observed pairing patterns 

than age 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 leading to assortative 

mating for quality as reflected in SDC. Age-assortative mating had previously been reported 

in the Camargue population of greater flamingos36, contrasting 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 paired birds that were ringed varied between 4 and 37 yrs. The 

pattern of age-assortative 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 can 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 age, followed 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. For instance, 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 grouse41, while a concave relationship between song consistency (but 

not repertoire size) and age has been observed in a free-living population of great tits, Parus 

major42. 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 display are affected by senescence.  

The observed increase in SDC during early life suggests that flamingos may acquire 

their motor competences progressively through a maturation process37. However, this result 

is based on a cross-sectional study, with each individual having been sampled only once, in 

one of two consecutive breeding seasons. As within-individual variation has not been taken 

into account, the observed pattern could have been generated by the disappearance of poor 

quality individuals and/or the appearance of high-quality individuals with age38. A longitudinal 

study of SDC, involving the collection of repeated display sequences of the same individual at 
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different ages, would be necessary to discriminate between the two processes. However, this 

approach would not be easy to apply, as the collection of field data across several years would 

be labor intensive, and the probability of re-observing the same individuals over multiple 

seasons rather low, given the high dispersal of flamingos between breeding colonies in the 

Mediterranean region and their irregular breeding at that regional scale39. Such 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 experienced at 

successfully acquiring a reproductive partner, and a lower SDC could simply correspond to a 

modulation of their investment in sexual display40. However, 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 to invest 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 species41ς43), it may increase metabolic rate and, hence the 

production of reactive oxygen species that can damage biomolecules, unless regulated by 

enzymatic and non-enzymatic antioxidant systems44. Interestingly, a quadratic age effect has 

been found in resistance to oxidative stress in a captive population of greater flamingos45. 

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 limit display 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 and breeding success with age, but failed to detect any pattern of 

senescence46ς48. However, the maximum age of individuals included in these studies was 20 

yrs. Still, as flamingos divorce each year26, senescence 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 patterns of 

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 region49, during two consecutive 

seasons of courtship displays (November to March in both 2014 and 2015). Since 1977, on 

average, 12 % (7-30%) of the chicks fledged in the Camargue have been marked with PVC 

plastic rings engraved with a three or four digit alphanumerical code50, allowing 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 analyses51. Ringing 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 sur la Biologie des Populations 

d'Oiseaux (CRBPO, Muséum national d'histoire naturelle, France). 

Using a FullHD video camera equipped with a 60x zoom (20-1200 mm, Panasonic Lumix 

FZ72), we recorded the behavior of ringed individuals during displays. On each occasion, we 

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 readable26 and 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 of the display group 

(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 flamingos26). However, many observations 

were interrupted before that time due to movements of individuals, agonistic interactions, or 

because the focal bird stopped displaying. We thus randomly selected 100 focal-individual 

sequences of different individuals (50 females, 50 males) where the display behavior had been 

recorded continuously for five minutes. Behavioral sequences were then coded using the 

JWatcher software52 in order to estimate courtship complexity. Following previous studies of 

the display repertoire of the greater flamingo26, nine different postures were recognized (Fig. 

5).  
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Display complexity 

 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. Following53ς55, we defined sexual 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 versatility. 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 models. The 

complete model contained the interaction between sex and age, the quadratic effect of age 

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

of the year, year and the interaction between year and date as explanatory variables. Model 

assumptions (i.e. normality and homoscedasticity of 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%CI = -0.643; -0.274), we removed models containing 

both variables from the set of models to avoid 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 Camargue. An individual 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 chick (see26 for details). 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 non-breeding individual. The analysis was restricted to the 2015 data set, 

because flamingos bred at a different location in 2014, where continuous monitoring was not 

possible. First we compared SDC between non-breeding (N=43) and breeding individuals 

(N=13), using a two-sided WilcoxonςMannςWhitney test.  Next, we used generalized linear 

models with a binomial distribution 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 of residuals) were checked. 

Following recent recommendations to produce model estimates comparable between 

and within studies56,57, we standardized all explanatory variables by centering and dividing by 

two standard deviations using the arm package58. To prevent overparameterization, we 

respected the sample size rule-of thumb of 10 : 1 subjects to predictors in multiple 

regression59. Model selection was based on Akaike Information Criterion corrected for small 

sample size (AICc)60. When several models were within a ɲAICc of 2 from the best model, we 

employed a model averaging approach, using the so-called zero method60 implemented in the 

MuMIn package of R61 on models within two points of AICc from the best one. This allowed us 

to account for model selection uncertainty in order to obtain robust parameter estimates57.  

Analyses on assortative mating were performed on a sample of pairs (N=21) with both 

partners ringed observed in 2015. We first examined age-assortative mating using the 

absolute value of age difference between members of the same pair. We examined where 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 the predicted values 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 3.0.362. 
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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 the greater flamingo according to model 1 (age + age2 + 

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 observation. 

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. Full lines 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 with respect to complexity. SDC values were inferred from age according to the 

relationship SDC ~ age + age² + date (model 1, table1). Full lines correspond to the upper and 

lower 95% confidence limits, dashed line corresponds to the mean of inferred SDC difference 

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).  
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