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Document de synthèse 

(les numéros des articles correspondent à ceux de la liste de publications pages 38-39) 

A - Résumé des travaux (2005-2010) 

Introduction 

Les programmes de recherche que je développe s'inscrivent dans un domaine scientifique 

particulièrement innovant, à l'interface entre les sciences du vivant et les sciences humaines, la 

biologie évolutive des comportements humains. Les enjeux en termes de représentation de l'Homme 

et de son organisation sociale, ainsi que pour l'avancée de nos connaissances en sciences de 

l'évolution, sont importants. Ce secteur bénéficie, de plus, d'un fort intérêt de la part du grand 

public. 

La démarche des travaux de l’équipe Biologie Evolutive Humaine consiste à essayer de 

comprendre comment un comportement, apparu initialement par hasard, a pu augmenter en 

fréquence et se maintenir au cours de l’évolution. Nous cherchons à savoir si, et en quoi, ce 

comportement constitue une adaptation à un environnement donné. Les théories néo-darwiniennes 

de l’évolution fournissent un cadre cohérent permettant de générer des prédictions claires que l’on 

peut tester en les confrontant aux données. Notre approche permet d’expliquer des 

fonctionnements cognitifs ou des traits culturels qui ont été sélectionnés pour l’avantage qu’ils 

procuraient, qu’ils soient encore adaptatifs dans l’environnement actuel ou qu’ils ne le soient plus. 

Certains comportements peuvent en effet résulter d’une adaptation à des caractéristiques de 

l’environnement qui n’existent plus. Ainsi, on observe dans les sociétés occidentales modernes des 

comportements qui semblent maladaptatifs. Par exemple, l’attirance pour le sucre et les graisses, qui 

a pu être avantageuse dans un environnement où les ressources énergétiques étaient limitantes, est 

aujourd’hui responsable des problèmes d’obésité et de maladies cardio-vasculaires. Les traits 

considérés comme maladaptatifs ne résultent pas nécessairement d’un décalage créé par les 

changements de l’environnement au cours du temps. La migration peut aussi engendrer diverses 

maladaptations : c’est le cas par exemple pour la couleur de la peau (Jablonski & Chaplin, 2000). Des 

forces de sélection agissant à différents niveaux, ou sur différents traits qui sont liés, peuvent aussi 

s’opposer. Ainsi, la pléiotropie antagoniste peut engendrer la persistance d’un trait, s’il est lié à un 

autre trait qui est lui adaptatif. C’est par exemple une des explications proposées pour la ménopause 

(Cant & Johnstone, 2008), qui reste à l’heure actuelle un trait mal compris. C’est aussi ce qui a été 

proposé pour expliquer la préférence homosexuelle masculine (Camperio Ciani et al., 2004) ou la 

schizophrénie (Nettle & Clegg, 2006). Il est donc clair qu’il faut constamment considérer la nature des 

changements environnementaux en liaison avec les traits étudiés, ainsi que les possibilités d’effets 

pléiotropes, qu’ils soient d’origine génétique ou culturelle. La biologie évolutive reste néanmoins le 

cadre conceptuel le plus performant pour la compréhension des comportements humains, comme 

cela est le cas pour le reste du monde vivant. 

Afin d’éviter dans la mesure du possible le cadre particulier des sociétés occidentales modernes, 

où l’environnement change très rapidement depuis plusieurs centaines d’années, nous utilisons 

principalement des données issues de populations historiques préindustrielles ou contemporaines 

sub-traditionnelles, pour lesquelles l’environnement a été beaucoup plus stable pendant longtemps, 

où les méthodes modernes de médecine et de contraception sont absentes, et où fertilité et 

mortalité peuvent être considérés comme reflétant des pressions de sélection qui perdurent. 
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Toutefois, la stabilité environnementale, au sens large, est probablement illusoire, et le problème du 

décalage introduit par les changements environnementaux est un problème général en biologie 

évolutive. Il existe cependant de nombreux éléments indiquant que l’évolution peut être très rapide, 

y compris dans l’espèce humaine (par exemple, Hawks et al., 2007 ; Byars et al., 2009).  

Depuis la fin de ma thèse en 2004, j’ai consacré l’essentiel de mon temps à l’encadrement 

d’étudiants, doctorants et post-docs. J’ai fait ce choix parce que je préfère le travail en équipe, et 

parce que c’est pour moi un grand plaisir de voir progresser les stagiaires. J’ai suivi la majorité 

d’entre eux depuis leur maîtrise/M1 (Alexandra Alvergne, Alexandre Courtiol et Arnaud Tognetti), et 

l’encadrement s’est chaque fois rapidement transformé en échanges réciproques. Nous continuons 

aujourd’hui à collaborer et à réfléchir à de nouveaux projets communs. Leur énergie et leur désir de 

réussir ont constitué ma motivation première dans tous nos travaux. Je suis aujourd’hui très 

admirative de leurs réalisations et de leurs compétences, et je souhaite qu’ils continuent à 

s’épanouir, dans la recherche et/ou ailleurs. 

Les recherches que je présente ici s’articulent autour des notions de compétition et de 

coopération. La première partie porte sur une forme de coopération qui concerne des individus 

apparentés : l’investissement parental et alloparental (i.e. l’investissement d’autres membres de la 

famille, comme les grands-parents ou les frères et sœurs), et traite des conséquences de la 

compétition pour cette ressource. La deuxième partie concerne la coopération avec des individus 

non-apparentés, et aborde les liens entre ces comportements et la compétition pour l’accès à deux 

types de ressource : l’investissement parental et les partenaires pour la reproduction. La troisième 

partie, qui constitue la suite de mes travaux de thèse, traite du rôle de la compétition dans 

l’évolution du polymorphisme de latéralité.  

1. Investissement parental et alloparental 

Dans de nombreuses espèces, la production de descendants n’est que la première étape de la 

reproduction : leur développement et leur survie dépendent également d’un investissement parental 

post-natal (Clutton-Brock, 1991). L’effort de reproduction d’un individu présente donc deux aspects : 

la recherche de partenaires sexuels et l’investissement parental (Waynforth, 1999). Il existe un 

compromis entre ces deux composantes, pouvant conduire à des stratégies d’allocation des 

ressources différentes. Mâles et femelles doivent résoudre des problèmes adaptatifs distincts, 

dépendants des contextes individuels (facteurs génétiques, sociaux et écologiques). 

Par rapport aux autres primates, le nouveau-né humain est particulièrement dépendant de 

l’investissement parental (en termes de temps et d’énergie, mais aussi de protection, d’éducation et 

d’affection) (Geary, 2005 ; Mace, 2000 ; Smith et al., 2001). Cet investissement est non seulement 

nécessaire au développement physiologique de l’enfant mais également à son développement 

psychologique et cognitif (Geary & Flinn, 2001). Les acteurs de l’investissement post-natal peuvent 

être nombreux : parents, grands-parents, frères et sœurs plus âgés, famille élargie et même 

communauté dans son ensemble (Hrdy, 1999). En outre, les acteurs et les caractéristiques de cet 

investissement sont très variables selon les sociétés. 

Les stratégies d’allocation de l’investissement parental, qui est une ressource limitée, sont 

cruciales à la fois pour les parents et pour les descendants (Trivers, 1972; Trivers, 1974 ; Clutton-

Brock, 1991). D’une part, le coût que représente l’investissement parental peut avoir des 

conséquences négatives sur le succès reproducteur ultérieur des parents (Lummaa, 2003). D’autre 

part, l’investissement parental a un impact important sur la survie des descendants (Voland, 1987 ; 

Andersson et al., 1996 ; Becher et al., 2004 ; Pavard et al., 2005), ainsi que sur leur développement 

physique, comportemental et social (Geary & Flinn, 2001), et sur leur succès reproducteur (Mace, 

1996). La théorie des traits d’histoire de vie prédit que les parents ajustent leur investissement dans 

chaque enfant en fonction du bilan des coûts et des bénéfices. Ainsi, il existe plusieurs types de 
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conflits d’intérêt entre les membres d’une famille : i) entre les deux parents pour les populations où 

l’investissement est biparental (puisque l’investissement représente un coût) ; ii) entre les parents et 

leurs descendants (car les parents ont intérêt à répartir leurs ressources entre leurs différents 

descendants présents et futurs, ce qui n’est pas dans l’intérêt d’un descendant donné) ; iii) entre les 

descendants (compétition intense pour l’investissement parental). 

De nombreuses études démographiques ont estimé l’importance de l’investissement maternel 

sur la survie de l’enfant dans le cas de populations préindustrielles ou de populations 

contemporaines non industrialisées. Le décès de la mère est clairement associé à une plus forte 

mortalité de l’enfant. Par exemple, parmi les enfants dont la mère décède dans l’année qui suit leur 

naissance, 40 à 50% seulement survivent jusqu’à l’âge adulte, au lieu de 60% quand la mère est en 

vie [population préindustrielle suédoise : \ \; population contemporaine du Burkina Faso : \]. Bien 

que cet effet diminue avec l’âge de l’enfant lorsque survient le décès de sa mère, il persiste 

longtemps après celui-ci et demeure significatif durant toute l’enfance, du sevrage jusqu'à la 

maturité. 

 

1.1. Compétition pour l’investissement parental au sein de la fratrie 

Les frères et sœurs d’une famille n’ont pas toujours accès à la même quantité de ressources 

(Sulloway, 2001). Ceci peut résulter de la compétition directe entre eux, et/ou d’une allocation 

différentielle de la part des parents (Mock & Parker, 1997 ; Slagsvold, 1997). La valeur reproductive 

des parents dépend en effet non seulement de la quantité de ressources qu’ils allouent aux soins 

parentaux, mais aussi de la façon dont ces ressources sont réparties (Glazier, 2002 ; Barrett et al., 

2002). Chez l’Homme, des différences importantes entre les individus en fonction de leur rang de 

naissance (aînés, cadets, benjamins) ont été observées pour des traits psychologiques, cognitifs, et 

sociaux, et ont été interprétées comme les conséquences des variations d’investissement au sein de 

la fratrie (Sulloway, 1996). 

Une hypothèse a été proposée par Hertwig (2002) pour expliquer les différences observées : si 

les parents partageaient tout le temps leur investissement de façon équitable entre tous leurs 

enfants présents dans la famille, on s’attendrait à ce que les aînés (qui sont seuls avec les parents au 

début de leur enfance) et les benjamins (qui sont seuls avec les parents à la fin de leur enfance) 

soient globalement avantagés par rapport aux ‘enfants du milieu’. On peut néanmoins formuler 

d’autres prédictions : l’investissement n’est pas forcément réparti à chaque instant de façon 

équitable. Il se peut en effet que les parents compensent ces inégalités, ou qu’ils biaisent au 

contraire leur investissement en faveur de certains. Si l’expérience acquise à chaque nouvel enfant 

par les parents est importante, ou s’ils investissent davantage à mesure que leur valeur reproductive 

résiduelle attendue diminue, on s’attend à ce que les enfants de rang de naissance plus élevé soient 

avantagés. Cependant, à un instant donné, les gains potentiels que représentent les aînés pour les 

parents en termes de valeur reproductive sont supérieurs, car (1) ils ont plus de chances de survivre 

jusqu’à l’âge adulte, puisqu’ils ont déjà survécu aux premières années de la vie où la mortalité est la 

plus élevée ; (2) ils pourront commencer à se reproduire plus tôt, permettant ainsi une réduction du 

temps de génération (Jeon, 2008). Il est en outre possible que les ressources diminuent avec le 

temps, ce qui désavantagerait les rangs de naissance plus élevés. Précisons que ces scénarios ne sont 

que des exemples d’alternatives au modèle de Hertwig (2002), qu’il peut en exister plusieurs autres, 

et qu’ils ne sont pas mutuellement exclusifs.  

En analysant des données basées sur des registres démographiques fournissant les généalogies 

de plus de 2000 familles finlandaises, et couvrant l’histoire de vie complète de trois générations 

d’individus entre 1720 et 1900, nous avons mis en évidence des effets importants de la compétition 

au sein des fratries dans cette population (Article 6). En moyenne, 60% des enfants atteignaient l’âge 

adulte, mais plus un enfant avait de frères et sœurs, plus cette probabilité était faible, en contrôlant 
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l’effet de plusieurs facteurs liés à la survie des enfants (tels que le statut socio-économique et l’âge 

de la mère). 

Afin d’évaluer les différentes alternatives concernant les différences en fonction du rang de 

naissance, nous avons comparé les chances de survie et le succès reproducteur des aînés, des 

enfants du milieu et des benjamins (Article 6). Les chances de survie des aînés étaient plus faibles, 

peut-être à cause du manque d’expérience des parents. Ceci était encore plus accentué pour les filles 

aînées, sans doute parce que les parents favorisaient leurs fils (Figure 1). Pour l’héritage, les fils aînés 

étaient particulièrement favorisés, comme c’est le cas dans beaucoup de cultures. La primogéniture 

se répercutait sur le succès reproducteur : les fils aînés se mariaient plus tôt (Figure 2), et avaient 

plus d’enfants que leurs frères (Figure 3). Les fils du milieu étaient ceux qui se mariaient le plus tard 

et qui avaient le moins d’enfants, en accord avec les prédictions de Hertwig (2002). Cependant, de 

telles différences de succès reproducteur n’existaient pas entre sœurs. La variance du succès 

reproducteur étant potentiellement plus élevée chez les hommes que chez les femmes, on peut en 

effet s’attendre à ce qu’une allocation différentielle des ressources entre les fils soit plus payante en 

termes de valeur sélective qu’une allocation différentielle entre les filles. Pris dans leur ensemble, ces 

résultats suggèrent que les parents ajustent leur investissement en fonction des facteurs biologiques 

et culturels propres à chaque environnement. 

 

 

Figure 1. Probabilité de survivre des filles dans une population préindustrielle finlandaise, en fonction 

de leur rang de naissance intra-sexe (premières, filles "du milieu", ou dernières). 
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Figure 2. Age à la naissance du premier enfant des hommes, dans une population pré-industrielle 

finlandaise, selon leur rang de naissance intra-sexe (premiers fils, fils "du milieu", ou derniers fils) 

 

Figure 3. Nombre d’enfants survivants produits par un homme en fonction de son rang de naissance 

intra-sexe (premiers fils, fils "du milieu", ou derniers fils). 

1.2. Coopération au sein de la fratrie : "helpers at the nest" 

Dans l’espèce humaine comme chez certaines espèces d’Insectes, d’Oiseaux et de Mammifères 

(Wilson, 1971 ; Stacey & Koenig, 1990 ; Solomon & French, 1997), les frères et sœurs peuvent aider 

les parents à s’occuper des plus jeunes enfants. Les théories évolutionnistes suggèrent que ce type 

de comportement, favorisé par des conditions où les coûts de dispersion sont élevés, n’a pu évoluer 

que s’il permettait aux "helpers" d’augmenter leur valeur sélective inclusive (Koenig et al., 1992). Les 

expériences chez les animaux ont ainsi montré qu’ils augmentaient le succès reproducteur de leurs 

parents, en augmentant leur fertilité et en améliorant les chances de survie et de reproduction de 

leurs cadets (Brown et al., 1982 ; Clutton-Brock et al., 2001 ; Emlen & Wrege, 1991). Peu d’études ont 

analysé l’effet des frères et sœurs "helpers" sur la valeur sélective dans l’espèce humaine, malgré les 

observations répétées de leur implication dans les travaux domestiques quotidiens ainsi que les 

activités de production (agriculture par exemple) (Barrett et al., 2002). 

Dans la population finlandaise pré-industrielle, nous avons trouvé des indices de coopération au 

sein de la fratrie : avoir des frères et sœurs plus âgés compensait les effets négatifs du décès de la 
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mère. Par exemple, les individus ayant perdu leur mère, mais ayant 3 ou 4 frères et sœurs plus âgés, 

avaient une probabilité 38% plus élevée d’atteindre l’âge adulte que les aînés ayant également perdu 

leur mère (Article 24). Les aînés pourraient donc agir comme des “helpers-at-the-nest”, et améliorer 

les chances de survie de leurs cadets. Dans une autre population historique, au Canada, nous avons 

également mis en évidence des effets bénéfiques de la présence de grands frères et de grandes 

sœurs sur les chances de survie et de reproduction de leurs cadets (Article 25). 

Afin d’étudier plus en détail les mécanismes liés à la coopération entre frères et sœurs, nous 

avons mené une étude de terrain dans une population contemporaine, dans des villages au Sénégal. 

Nous avons entrepris une enquête détaillée sur l’aide reçue par les mères de la part de leurs enfants 

pour s’occuper des plus jeunes. Nous avons récolté des données sur les soins directs fournis par les 

aînés, ainsi que sur leur contribution à l’économie familiale, pouvant soulager la mère et lui 

permettre de se consacrer davantage aux soins des plus jeunes. Nous avons évalué le lien entre ces 

comportements coopératifs et les taux de certaines hormones, dont on sait qu’elles régulent ce type 

de comportement chez d’autres espèces de mammifères sociaux (cortisol, prolactine, vasopressine 

et ocytocine) (Carlson et al., 2006a; Carlson et al., 2006b ; Olazabal & Young, 2006). Nos résultats 

indiquent une corrélation positive et significative entre le degré de coopération d’un aîné et son taux 

de cortisol (Article 24). Les mécanismes impliqués et leur rôle dans l’évolution de ces comportements 

ne sont pas encore connus. Nous étudions également l’impact de ces comportements coopératifs sur 

divers aspects de la condition des cadets, tels que la croissance, le statut nutritionnel, l’état de santé 

et la scolarisation. 

1.3. Investissement paternel et incertitude de paternité 

Bien que l’investissement paternel dans le soin aux jeunes soit un comportement rare chez les 

mammifères (~4-6% des espèces) (Clutton-Brock, 1991), on l’observe chez environ 40% d’espèces de 

primates (Smuts & Gubernick, 1992). Dans les sociétés humaines, le niveau d’investissement paternel 

est généralement moins important que l’investissement de la mère, et il varie considérablement 

(Draper & Harpending, 1988 ; Geary, 2000). Ceci offre des possibilités intéressantes pour 

comprendre quels sont les facteurs socio-écologiques, ou pressions de sélection, associés à 

l’expression de l’investissement paternel dans les populations humaines et, par extension, chez les 

autres animaux. 

Chez de nombreuses espèces où le mâle investit des ressources dans sa progéniture, les femelles 

s’accouplent avec plusieurs mâles au cours d’une même saison de reproduction et, lorsque le mâle 

ne surveille pas constamment sa partenaire, il ne peut pas s’attribuer la paternité de façon certaine. 

Ceci a d’importantes implications pour l’expression de l’investissement paternel (Whittingham, 

1992). En effet, pour qu’un comportement coopératif soit favorisé par la sélection, les coûts doivent 

être moins importants que les bénéfices (Hamilton, 1963). Or l’investissement du père dans les soins 

et l’éducation des enfants représente un coût, par exemple en énergie, en temps, et l’investissement 

paternel n’est associé à des bénéfices que si l’individu envers qui il est dirigé est apparenté à celui qui 

l’exprime, c'est-à-dire si deux individus ont une probabilité non nulle d’avoir en commun la part 

héritable de ce comportement. Ainsi, les théories évolutionnistes prédisent que l’investissement 

paternel a été favorisé s’il était préférentiellement dirigé envers des descendants (Hamilton, 1964 ; 

Trivers, 1972). Cette prédiction a été vérifiée dans plusieurs espèces animales (p.ex. Neff & Gross, 

2001; Moller & Cuervo, 2000). 

L’infidélité sexuelle est connue dans toutes les sociétés humaines (Baker & Bellis, 1995 ; Davis & 

Daly, 1997). La proportion d’enfants issus de relations hors-couple varie largement entre les 

populations étudiées (entre 0.8% et 30%) (Anderson, 2006 ; Bellis et al., 2005 ; Sasse et al., 1994 ; 

Cerda-Flores et al., 1999). Le niveau d’investissement du père est corrélé avec le niveau d’incertitude 

de paternité perçue (Anderson et al., 2007), ce qui a été confirmé par une étude comparative sur 186 
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sociétés traditionnelles (Gaulin & Schlegel, 1980). D’autre part, la probabilité de ne pas être le père 

d’un enfant est plus grand chez les pères qui ont demandé un test de paternité que chez ceux qui 

l’ont subi passivement (Anderson, 2006), ce qui suggère que les pères sauraient repérer des indices 

de non-paternité. L’homme dispose de deux types d’indices, sa perception de fidélité de son 

partenaire, et le phénotype de l’enfant (Apicella & Marlowe, 2004 ; Flinn, 1988a). Les approches 

théoriques suggèrent qu’un mécanisme de reconnaissance directe, basé sur la corrélation 

phénotypique entre le père et l’enfant, pourrait être sélectionné positivement en réponse à 

l’incertitude de paternité (Westneat & Sherman, 1993). Les pères pourraient évaluer la ressemblance 

en comparant le phénotype de l’enfant avec leur propre phénotype, ou avec un phénotype d’un 

individu qui leur est apparenté de façon certaine. Il est aussi possible que les pères potentiels 

utilisent l’avis de personnes extérieures sur la ressemblance pour s’assurer de leur paternité.  

Le lien entre la ressemblance phénotypique et le niveau d’investissement a principalement été 

étudié pour les visages et de manière expérimentale. Dans une situation hypothétique d’adoption, 

les hommes sont particulièrement attentifs à la ressemblance faciale d’un enfant, tandis que les 

femmes sont plus concernées par son attractivité et son état de santé (Volk & Quinsey, 2002; Volk, 

2007). Plusieurs études ont manipulé le niveau de ressemblance faciale d’un enfant à un homme 

adulte en combinant informatiquement des photographies de visages. Dans une situation 

hypothétique d’investissement, les hommes favorisent les enfants (qu’ils ne connaissent pas) dont 

les visages ont été modifiés dans le but de leur ressembler, ce qui n’est pas le cas des femmes (Platek 

et al., 2002; Platek et al., 2004). Les visages créés sont cependant artificiels, ce qui introduit des biais 

non contrôlables, qui pourraient expliquer que ces résultats n’aient pas été répliqués (Bressan et al., 

2008 ; DeBruine, 2004). On peut alors se demander s’il existe une relation entre le niveau de 

ressemblance phénotypique réelle et le niveau d’investissement du père en conditions naturelles 

(non expérimentales). 

a) Investissement paternel et ressemblance 

Ainsi, la théorie de l’évolution prédit que les hommes doivent avoir développé la capacité à 

reconnaître leurs enfants biologiques, et qu’ils s’occupent préférentiellement des enfants qui leur 

ressemblent. Ces prédictions ont été testées dans deux populations humaines. 

Nous avons mené une étude sur une population sénégalaise rurale et polygame, dans plusieurs 

villages de la région du Sine-Saloum, afin de quantifier à la fois l’investissement des pères et leur 

ressemblance phénotypique avec leurs enfants. L’étude a porté sur 30 familles, avec 2 enfants âgés 

de 2 à 7 ans par famille. Pour évaluer l’investissement du père, les mères ont répondu à un 

questionnaire détaillé où elles devaient estimer par exemple le temps que passe le père à s’occuper 

de l’enfant, son attention, son affection, ses dépenses pour l’enfant, etc. D’après ces réponses, un 

indice d’investissement était calculé. 

Des personnes venant de villages différents et ne connaissant pas ceux des premiers villages ont 

ensuite participé à l’évaluation de la ressemblance des visages et des odeurs. Pour les visages, une 

photo de chaque enfant était montrée avec celles de trois hommes, dont le père ; pour l’odeur, de la 

même façon, l’évaluateur devait comparer les odeurs d’un T-shirt porté par l’enfant avec celles de 

deux hommes. Chaque fois que le père était reconnu, on lui attribuait un point de ressemblance, et 

la somme de ces points constituait au final un indice de ressemblance. 

Le croisement de ces indices a mis en évidence une corrélation entre l’investissement paternel et 

la ressemblance avec l’enfant (Article 2). La ressemblance olfactive et la ressemblance des visages 

entre les pères et les enfants étaient, l’une et l’autre (indépendamment), associées au niveau 

d’investissement paternel (Figure 4). Ainsi, les enfants exprimant une forte ressemblance 

phénotypique à leur père, quel que soit le phénotype testé (odeurs ou visages), sont aussi ceux qui 

reçoivent la plus grande quantité d’investissement paternel. 
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Ce résultat soutient l’idée que l’incertitude de paternité a été une pression de sélection qui a 

favorisé le fait que les pères utilisent des traits phénotypiques comme indices de paternité, pour 

ajuster leur investissement. Alors que les travaux précédents s’étaient focalisés sur la ressemblance 

des visages, cette étude suggère qu’au moins un autre trait phénotypique peut être utilisé pour 

évaluer la paternité : l’odeur. Il est vraisemblable que d’autres traits puissent être impliqués, ce qui 

n’a pour l’instant pas été exploré. 

 

Figure 4. Niveau d’investissement paternel en fonction du degré de ressemblance au père (évalué 

par les tests passés par des personnes extérieures) (a) Ressemblance des visages. (b) Ressemblance 

des odeurs. 

 

Nous avons répété cette étude sur une population française socialement monogame, pour des 

enfants âgés de 3 mois à 22 ans (moyenne ± SD = 6,6 ans ± 5,1). Nous avons alors montré que les 

pères se sentent affectivement plus proches de ceux de leurs enfants qui leur ressemblent le plus 

(Article 1). Une proximité affective "élevée" signifie ici que le parent a désigné cet enfant comme 

étant son "préféré". La proximité affective ressentie par les mères, en revanche, n’est pas prédite par 

la ressemblance à la mère (Figure 5). Nous ne disposons malheureusement pas, pour cet échantillon, 

de description par la mère de l’investissement du père (comme au Sénégal). 

Le niveau d’investissement du père (Sénégal), ou sa proximité affective (France) sont 

positivement associés au degré de ressemblance faciale entre les pères et les enfants, et lorsque 

nous l’avons testé (Sénégal), au degré de ressemblance olfactive. De plus, l’investissement de la 

mère est indépendant de ces indices d’apparentement. L’ensemble de ces résultats suggère que 

l’incertitude de paternité est une pression de sélection pour l’évolution de la détection de la non-

paternité par comparaisons phénotypiques. Par ailleurs, ces résultats impliquent qu’il existe des 

pressions de sélection favorisant l’évolution de la ressemblance au père, celle-ci étant également 

associée à des coûts, qui dépendent du taux de non-paternité (Johnstone, 1997). 
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Figure 5. Proximité affective ressentie (a) par les pères, et (b) par les mères, en fonction de la 

ressemblance de l’enfant avec eux. La ressemblance au père prédit la proximité affective entre le 

père et l’enfant, ce qui n’est pas le cas de la ressemblance à la mère. 

 

b) Investissement paternel et survie des enfants 

L’investissement paternel a un effet variable sur les traits de l’enfant liés à la survie, suivant les 

conditions écologiques locales (Sear & Mace, 2008). Chez les Ache du Venezuela, où le taux de 

mortalité est très important (40 à 65%), la probabilité de mourir de maladie avant l’âge de 15 ans est 

2,6 fois plus importante lorsque le père est mort au cours des 5 premières années de la vie de 

l’enfant (Hurtado & Hill, 1992). L’importance du père pour la survie de l’enfant a aussi été mise en 

évidence à partir de données historiques sur des sociétés industrielles, au Québec et au Japon ; 

l’effet de la présence du père pour la survie de l’enfant n’est pourtant pas systématique : sur 15 

populations comparées, il est observé dans 7 cas seulement (Sear & Mace, 2008). 

Notre étude au Sénégal a mis en évidence un impact positif de la présence du père sur les 

conditions de nutrition et de croissance de l’enfant dans cette population. Les enfants qui bénéficient 

de la présence paternelle y ont des conditions de vie clairement améliorées. En effet, le niveau 

d’investissement du père est positivement corrélé à deux indices de condition physique chez l’enfant 

pour la population étudiée: l’indice de masse corporelle (poids/taille²), qui est associé aux chances de 

survie au Sénégal (Rosetta & O'Quigley, 1990), et la circonférence du bras, qui reflète le statut 

nutritionnel.  

Les enfants qui reçoivent une quantité importante d’investissement sont en moyenne en 

meilleure condition physique et nutritionnelle, indépendamment de l’âge et du sexe (Figure 6). Or, 

au Sénégal, la troisième cause de mortalité infantile est la malnutrition (www.who.int). Le résultat 

observé n’est pas dû à un accès aux ressources plus important chez certains pères, puisque la 

relation est toujours observée lorsqu’on prend en compte le statut socio-économique du père 

(Article 2). Il faut noter que la corrélation observée ne nous permet pas d’affirmer l’existence d’un 

lien de causalité dans le sens d’une amélioration de la nutrition des enfants par le soin de leur père : 

il est également possible que les pères investissent davantage dans les enfants qui sont déjà en 

meilleure santé. Nous avons cependant observé à de multiples reprises que les pères, lorsqu’ils 

passent du temps avec un enfant, lui donnent régulièrement de la nourriture tout au long de la 

journée (fruits, oiseaux et autres). 
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Figure 6. Condition physique de l’enfant en fonction du niveau d’investissement paternel. (a) Tour de 

bras. (b) Indice de masse corporelle 

 

Dans notre étude sur les enfants en France (Article 1), nous n’avons pas retrouvé l’effet de 

l’investissement du père sur la condition physique de l’enfant trouvé au Sénégal. Il est probable que 

ce soit dû à la quasi-absence de restrictions sur l’accès aux ressources alimentaires dans ce contexte 

économique.  

c) Investissement paternel et statut socio-économique 

Des études ont montré que le niveau d’investissement du père est associé à une augmentation 

des compétences cognitives et sociales de l’enfant (Geary, 2000). Par exemple, le niveau 

d’interaction du père, notamment par le jeu, est associé chez l’enfant à une augmentation des 

capacités cognitives et à une diminution des risques de troubles psychiques (Flouri & Buchanan, 

2003 ; Geary, 2005). Une autre étude a montré que l’investissement financier et la proportion du 

temps du père passé avec l’enfant sont corrélés à de meilleures performances scolaires chez l’enfant, 

et à un meilleur statut social à l’âge adulte (Kaplan et al., 1998; Kaplan et al., 1995). De même, une 

corrélation positive entre le niveau d’investissement paternel et le quotient intellectuel des enfants à 

l’âge de 11 ans a été observée, ainsi qu’un lien entre le niveau d’implication du père dans le 

développement des enfants et la mobilité sociale à l’âge adulte (Nettle, 2008). Or les compétences 

cognitives, en facilitant l’accès à un statut social élevé (Nettle, 2003b), ne sont pas indépendantes 

des perspectives futures de reproduction (Nettle & Pollet, 2008). 

Nous avons conduit une étude sur la note obtenue au baccalauréat dans une population 

d’étudiants de l’Université de Montpellier. La note moyenne obtenue au baccalauréat par ces 

étudiants n’est pas significativement différente selon qu’ils étaient élevés par leurs deux parents 

génétiques ou par leur mère seule. Il semblerait donc que les mères sont capables de compenser la 

perte d’investissement liée à l’absence du père (Johnstone & Hinde, 2006). Par contre, lorsqu’un 

beau-père était présent, quel que soit le sexe de l’enfant, la note obtenue au bac est 

significativement inférieure (Figure 7). De nombreux auteurs suggèrent que la présence d’un beau-

père est associée à un détournement de l’investissement de la mère pour les enfants du beau-père 

(Daly & Wilson, 1998 ; Flinn, 1988b). Cependant, nos données ne nous permettent pas de tester 

directement cette hypothèse : nous ne disposons pas de quantification de l’investissement maternel, 

ni d’information sur l’éventuelle présence de demi-frères et de demi-sœurs. Il est également possible 

que les résultats obtenus proviennent de corrélations entre certains comportements parentaux 
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(divorce, remariage de la mère), et des facteurs affectant la réussite scolaire (stratégies 

d’investissement des parents, capacités cognitives), sans que la présence du beau-père elle-même 

soit responsable. La présence d’un beau-père est également associée à une augmentation du niveau 

de conflit dans la famille au moment de l’adolescence, pouvant nuire à la réussite scolaire. 

 
Figure 7. Note au baccalauréat en fonction de la structure familiale. Les étudiants élevés par leur 

mère avec un beau-père ont en moyenne près d’un point de moins que ceux élevés par leurs deux 

parents biologiques ou par leur mère seule. 

 

Nos résultats rejoignent ceux de nombreuses études sur les beaux-parents, confirmant la 

prédiction que la psychologie parentale a évolué de manière à éviter d’investir sur des enfants non 

apparentés. Des études ont montré que la probabilité de maltraitance infantile et d’infanticide 

involontaire était beaucoup plus élevée pour les beaux-parents que pour les parents (Daly & Wilson, 

1998 ; Daly, 1994 ; Harris et al., 2007). D’autres études ont réalisé des observations du 

comportement à la Trinidad et en Tanzanie, et ont montré que les hommes fournissaient moins de 

soins aux beaux-enfants qu’à leurs enfants génétiques, et que cette discrimination était atténuée en 

présence de la mère (Flinn, 1988b; Marlowe, 1999a ; Marlowe, 1999b). Les beaux-enfants sont plus 

exposés au stress physiologique chronique (cortisol, Flinn et al., 1996). Des résultats similaires ont 

été obtenus en population industrielle : les beaux-enfants reçoivent en moyenne moins de soins que 

les enfants génétiques (Anderson et al., 1999a; Anderson et al., 1999b ; Case & Paxson, 2001). 

Bien que les beaux-parents aient tendance à s'occuper des enfants avec moins d’attention que 

les parents génétiques et qu’ils sont plus à même de les maltraiter, la plupart des beaux-parents 

tolèrent et investissent même parfois beaucoup de ressources pour promouvoir le bien-être de 

l’enfant. La question alors soulevée par la théorie darwinienne concerne la raison pour laquelle ces 

beaux-parents investissent de façon coûteuse dans les enfants de leurs prédécesseurs, sans bénéfice 

direct pour leur propre valeur sélective. Ce comportement peut être un sous-produit mal-adapté de 

la sélection pour la psychologie parentale, ou bien une stratégie permettant l’accès au partenaire 

pour une reproduction future (Rohwer et al., 1999 ; Marlowe, 1999a). Un tel comportement est 

observé chez plusieurs espèces animales, comme certains oiseaux de la famille des Icteridae (Gori, 

1996 ; Rohwer et al., 1999). L’investissement du beau-parent pourrait donc être en réalité un 

investissement dans le partenaire sexuel (Daly & Wilson, 1998). 

1.4. Liens entre testostérone et comportement paternel 

La testostérone est une hormone impliquée dans le développement et le maintien des caractères 

sexuels secondaires chez les mâles, ainsi que dans la modulation de leur comportement (Mazur & 
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Booth, 1998). En effet, certaines régions du cerveau possèdent des récepteurs à cette hormone 

(Kawata, 1995), ce qui rend possible son influence sur les comportements (Matsudaa et al., 2008). 

Chez de nombreuses espèces, la testostérone est impliquée dans la compétition intra-sexuelle, dans 

les comportements agressifs et de dominance et dans l’établissement de la hiérarchie sociale 

(Oyegbile & Marler, 2005 ; Wingfield, 2005 ; Sinervo et al., 2000). Par exemple, chez les chimpanzés 

ou les macaques rhésus, les individus dominants ont un taux de testostérone plus élevé et sont plus 

agressifs que les individus de plus faible rang (Muller & Wrangham, 2004  ; Rose et al., 1971). Chez 

l’Homme, une corrélation positive entre le taux de testostérone et l’agressivité a été observée de 

nombreuses fois (Mazur & Booth, 1998 ; Wagner et al., 2002 ; Gladue, 1991 ; Archer, 2006). 

Il existe ainsi une interaction entre le taux de testostérone et le comportement de dominance, 

chacun affectant l’autre. Il a été montré que les hommes ayant un fort taux de testostérone ont des 

comportements perçus comme plus dominants et moins amicaux (Dabbs, 1997). Dans les 

compétitions sportives, le taux de testostérone des hommes augmente face au défi, puis, après la 

compétition, continue à augmenter chez les gagnants et diminue chez les perdants (par exemple, au 

tennis, mais également lors de compétitions non-athlétiques comme les échecs ou les jeux sur 

ordinateurs) (Booth et al., 1989 ; Mazur et al., 1992 ; Gladue et al., 1989). Il augmente également 

chez les spectateurs regardant leur équipe favorite gagner, et diminue pour les spectateurs de 

l’équipe perdante (Bernhardt et al., 1998). La testostérone augmenterait la persévérance, la prise de 

risque, et l’absence de néophobie (Andrew & Rogers, 1972 ; Booth et al., 1999 ; Hermans et al., 

2006). En outre, la résistance à la douleur, pour un homme, est augmentée si le test est réalisé en 

présence de femmes, par le biais d’une production de testostérone (Melton, 2002).  

D’autre part, les hommes en couple et/ou impliqués dans des soins paternels produisent moins 

de testostérone que ceux qui sont célibataires (Burnham et al., 2003 ; Gray, 2002; Gray et al., 2007). 

Des études montrent que la quantité de testostérone varie au cours de la vie d’un homme et qu’elle 

est impliquée dans la mise en route et l’expression de l’investissement paternel. En effet, lorsque les 

hommes se marient et à la naissance d’un enfant, leur taux de testostérone diminue (Storey et al., 

2000). Cette diminution serait associée à une diminution de la probabilité pour un homme de 

s’engager dans un comportement de compétition et/ou de recherche de nouvelles partenaires, ce 

qui, en retour, lui permettrait de consacrer une quantité plus importante de ressources aux soins 

parentaux. A l’inverse, le taux de testostérone augmente au moment où un homme divorce (Mazur & 

Michalek, 1998). 

Enfin, le taux de testostérone semble refléter la variabilité inter-individuelle du niveau du 

compromis entre l’investissement dans l’accès aux partenaires sexuels et l’investissement parental 

(Archer, 2006; Gray, 2002). Dans les sociétés occidentales, les hommes qui produisent une grande 

quantité de testostérone sont perçus comme physiquement plus attractifs (Johnston et al., 2001 ; 

Mazur & Booth, 1998) et ont plus de partenaires sexuels (Peters et al., 2008 ; Van Anders & Watson, 

2007). Ils s’engagent moins souvent dans des relations stables et, pour ceux qui sont mariés, ont en 

moyenne plus de relations hors-couple et de conflits maritaux, ainsi qu’un risque plus important de 

divorcer (Booth & Dabbs, 1993 ; Mazur & Booth, 1998). A l’inverse, le niveau de testostérone est 

négativement corrélé au degré de soutien moral et financier qu’ils apportent à leur partenaire (Gray, 

2002), et les hommes produisant peu de testostérone, expriment en moyenne plus de sympathie en 

réponse à des cris d’enfants (Fleming et al., 2002). L’ensemble de ces études montre que le niveau de 

testostérone chez les hommes est partiellement prédictif de leur stratégie de reproduction. Il est 

important de noter que le taux de production de testostérone est plus similaire entre jumeaux 

homozygotes qu’entre jumeaux dizygotes, ce qui suggère que ce trait est en partie héritable (Harris 

et al., 1998). 
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a) Testostérone des pères et investissement paternel 

Des recherches ont donc montré que la quantité de testostérone produite par un homme reflète 

son investissement relatif dans la recherche de partenaires sexuels ou dans le soin et l’éducation de 

ses enfants : toutes choses étant égales par ailleurs, plus le taux de testostérone d’un homme est 

faible, plus il aura tendance à s’occuper de ses enfants. Cependant ces recherches ont toutes été 

menées sur des populations (officiellement) monogames, dans des pays industrialisés occidentaux, 

ce qui empêche de généraliser les conclusions. 

Nous avons mesuré la testostérone présente dans la salive de 80 hommes, dans une population 

polygame d’agriculteurs au Sénégal. Pour les hommes qui avaient des enfants, nous avons également 

évalué l’investissement paternel en interrogeant la mère. Nous avons montré qu’à âge égal, les pères 

ont un niveau de testostérone significativement plus faible que les hommes qui n’ont pas encore 

d’enfants (Article 4). En outre, nous avons montré que parmi les pères, ceux qui produisent le moins 

de testostérone sont ceux qui s’occupent le plus de leurs enfants. Enfin, pour des hommes qui n’ont 

pas encore atteint l’âge de 50 ans, nous avons montré que ceux qui ont plusieurs femmes ont un 

taux de testostérone plus important que ceux qui n’en ont qu’une. 

Le taux de testostérone diffère donc entre les hommes qui ont des comportements différents en 

matière de sexualité, de reproduction et d’investissement paternel, et varie également au cours de la 

vie d’un homme, par exemple lorsqu’il devient père. Ces résultats suggèrent que la régulation 

hormonale des comportements liés à l’investissement paternel, qui avait d’abord été mise en 

évidence chez d’autres espèces (oiseaux, mammifères), est probablement aussi une caractéristique 

commune aux différentes populations humaines. 

b) Investissement des pères et testostérone de leurs filles 

Les taux de testostérone des femmes représentent entre 1/5 et 1/7 des taux des hommes. Bien 

que l’influence de cette hormone sur le comportement des hommes ait fait l’objet de nombreuses 

études, son rôle sur le comportement des femmes est peu documenté (Bateup et al., 2002 ; Dabbs et 

al., 1988). D’une manière générale, la testostérone semble être associée aux mêmes comportements 

chez les hommes et chez les femmes (agressivité, dominance, nombre élevé de partenaires sexuels). 

L’héritabilité des taux de testostérone a également été montrée chez les femmes (Harris et al., 1998). 

Sur une population d’étudiants de l’université de Montpellier, nous avons montré que la 

séparation des parents est corrélée chez leurs filles à un taux de testostérone plus élevé, associé à un 

avancement de l’âge des premières menstruations et du premier rapport sexuel, et à une 

augmentation du nombre de partenaires sexuels (Article 9). 

Il n’est pas évident de déterminer si ces modifications comportementales constituent des 

adaptations ou l’expression de coûts. Dans ce contexte, il est important de noter que nous n’avons 

pas mis en évidence de lien entre présence ou absence du père au cours de l’enfance et succès 

reproducteur (nombre d’enfants et de petits-enfants), dans un échantillon de 1250 employés EDF 

(Article 9). Une étude a montré qu’un variant de gène situé sur le chromosome X, codant la synthèse 

d’un récepteur à la testostérone, était associé chez les hommes à une prédisposition à l’abandon de 

la famille et à un nombre important de partenaires sexuels, et chez les femmes à un âge de puberté 

avancé (Comings et al., 2002). Les auteurs suggèrent que cet allèle est transmis des pères aux filles ; 

la relation entre l’absence du père et l’âge de la puberté des filles pourrait donc être l’expression 

d’une contrainte génétique et ne constitue pas nécessairement une adaptation. Cependant, cette 

hypothèse n’explique pas les résultats observés chez les hommes : bien que nous n’ayons pas mis en 

évidence d’effet de la séparation des parents sur la testostérone des fils, nous avons cependant 

retrouvé les mêmes effets sur leurs comportements sexuels que chez les filles. D’autres recherches 

seront nécessaires pour comprendre les modalités de transmission des stratégies de reproduction. 
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2. Coopération avec des individus non-apparentés 

La coopération est un comportement par lequel un individu perd temporairement des ressources 

au profit d’un ou plusieurs autres individus. De tels comportements, constituant un coût pour un 

individu et conférant des bénéfices à d’autres, ont pu être sélectionnés par les avantages qu’ils 

engendraient pour les individus le réalisant (Clutton-Brock, 2002 ; Lehmann & Keller, 2006). Les 

explications théoriques de l’évolution de la coopération sont classées en deux catégories : celles 

permettant d’augmenter la valeur sélective de l’individu coopératif via des bénéfices directs, et celles 

augmentant sa valeur sélective inclusive via des bénéfices indirects, si les actes coopératifs sont 

dirigés vers des apparentés (Lehmann et al., 2007 ; West et al., 2007). Chez les animaux, les 

observations de comportements coopératifs avec des individus non-apparentés sont rares et limitées 

aux cas de rencontres répétées de paires d’individus (Fehr & Fischbacher, 2003 ; Clutton-Brock, 

2009).  

La très grande majorité des humains exprime régulièrement des comportements "altruistes" 

envers d’autres individus : services rendus entre voisins, soutien aux amis, coopération dans une 

activité professionnelle, chasse collective dans de nombreuses sociétés, ou simplement absence 

d’agression lorsque celle-ci serait profitable. L’existence de comportements "altruistes" au sein de la 

famille est expliquée chez les humains, comme chez les autres animaux, par la sélection de 

parentèle. Qu’en est-il des comportements qui concernent des individus non (ou très faiblement) 

apparentés ? 

Des sociétés de chasseurs-cueilleurs - qui possèdent des réseaux denses de relations d’échanges 

et qui pratiquent des formes sophistiquées de partage des denrées alimentaires, de conservation des 

ressources communes, de chasses et de guerres collectives, - aux états-nations, la coopération au 

sein de larges groupes, entre individus non-apparentés, est une des particularités de l'espèce 

humaine (Boyd, 2006 ; Fehr & Gächter, 2002). Le casse-tête évolutif peut être résumé comme suit : 

les mécanismes favorisant la coopération au sein d’un groupe procurent des bénéfices à chacun de 

ces membres par l’élaboration d’un « bien public ». Le bien public bénéficie à tous les membres du 

groupe, même à ceux qui ne participent pas à son élaboration et ne paient donc aucun coût. 

Pourquoi chaque membre participerait à ces activités collectives coûteuses, alors qu’il peut avoir 

accès au bien public indépendamment de sa contribution ? Cette possibilité de « tricher », en 

principe, devrait empêcher le maintien d’une coopération stable au sein d’un groupe (Hardin, 1968). 

Un comportement coopératif produit directement des bénéfices en termes de valeur sélective 

quand le succès reproducteur de l’acteur, c'est-à-dire de celui qui réalise l’acte de coopération, est 

augmenté. Ce type de comportement peut être favorisé dans des interactions réciproques (Trivers, 

1971). La coopération réciproque procurerait des bénéfices dans le cas de rencontres répétées entre 

les mêmes individus, permettant des interactions bilatérales à long terme (réciprocité directe), ou 

lorsque des individus, parce qu’ils ont déjà coopéré dans le passé, ont acquis une réputation et un 

statut social qui leur permet d’obtenir des alliés pour coopérer (réciprocité indirecte) (Nowak & 

Sigmund, 2006 ; Panchanathan & Boyd, 2004). Dans ce contexte de réciprocité indirecte, la 

réputation d’un individu est sans cesse évaluée et réévaluée par les autres individus du groupe, et 

sera utilisée pour les futures interactions sociales (Wedekind & Braithwaite, 2002). Si aider améliore 

sa réputation et que les individus avec une bonne réputation reçoivent de l’aide quand ils en ont 

besoin, les actions de coopération permettent l’obtention de bénéfices ultérieurs (Fehr, 2004).  

Cependant, les simulations suggèrent que ces stratégies réciproques peuvent permettre le 

maintien d’un fort degré de coopération uniquement dans les interactions entre un nombre restreint 

d’individus (Boyd & Richerson, 1992). La coopération au sein de larges groupes, entre des individus 

non-apparentés et dans des situations où la réciprocité est rare, pourrait cependant être permise par 

l’existence de phénomènes de punition des individus tricheurs, qui établissent et maintiennent des 
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normes sociales (Fehr & Fischbacher, 2004 ; Nowak, 2006 ; Fehr et al., 2002). En effet, si les tricheurs 

sont systématiquement punis par les autres membres du groupe, cela constitue alors une incitation à 

coopérer (Fehr & Gächter, 2002). Cependant, la punition est un comportement coûteux pour 

l’individu qui le réalise, sans aucun avantage en retour, donc elle ne peut pas être sélectionnée au 

niveau individuel. Néanmoins, ce comportement pourrait être sélectionné au niveau du groupe : il 

est possible que les groupes ayant, grâce à la punition, réussi à établir des normes sociales de 

coopération (pouvant être transmises culturellement), aient un avantage sur les groupes non 

coopératifs, ce qui aurait permis la sélection des comportements de coopération à grande échelle 

(Bowles, 2006 ; Bowles, 2009). Cette théorie est cependant contestée et il n’existe pas aujourd’hui de 

consensus sur l’explication de la coopération entre individus non apparentés. 

Le développement des jeux d’économie permet d’explorer la variabilité des comportements 

coopératifs grâce aux mesures quantitatives des comportements de coopération qu’ils fournissent 

(Cox, 2004 ; Fehr & Gächter, 2003). Un jeu se compose d’un ensemble d’acteurs, d’une série de 

stratégies mises à leur disposition, et de gains spécifiques pour chacune de leurs combinaisons. 

Plusieurs jeux sont fréquemment utilisés dans les études sur la coopération, tels que le Jeu de 

Confiance, le Jeu de l’Ultimatum, le Jeu du Dictateur, et le Jeu du Bien Public. Cependant, malgré les 

mesures quantitatives des comportements que ces expériences procurent, l’essentiel de la variation 

inter-individuelle dans les traits coopératifs reste encore inexpliquée, une part étant héritable (entre 

20 et 40%), et une autre, plus importante, liée à l’environnement (Cesarini et al., 2008 ; Wallace et 

al., 2007). Comprendre l’évolution de la coopération dans l’espèce humaine est donc un défi à la fois 

pour les économistes et les biologistes de l’évolution. 

2.1. Environnement familial et coopération 

La plupart des études sur les comportements coopératifs rapportent d’importantes variations 

interindividuelles au sein des populations. Selon l’environnement, une minorité d’individus 

coopératifs peut forcer une majorité d’individus égoïstes à coopérer ou, inversement, quelques 

individus égoïstes suffisent pour induire un grand nombre d’individus coopératifs à ne plus coopérer 

(Fehr & Fischbacher, 2003). C’est pourquoi l’étude de ces variations interindividuelles est essentielle 

pour comprendre l’évolution de la coopération (Zahavi, 2003). Le rang de naissance (aîné, cadet, 

benjamin) est potentiellement un facteur important, car des études ont montré son influence sur de 

nombreux traits de personnalité à l’âge adulte (Sulloway, 1996). 

Nous avons quantifié deux aspects des comportements coopératifs, la confiance et la réciprocité, 

en utilisant un jeu d’investissement, dans des conditions anonymes. Deux joueurs recevaient la 

même somme d’argent, et le joueur A devait décider quelle proportion de cet argent il souhaitait 

confier au joueur B (mesure de la confiance). Ce montant était multiplié par trois par les 

expérimentateurs avant d’être donné au joueur B, qui devait ensuite décider quelle somme il 

souhaitait renvoyer au joueur A (mesure de la réciprocité). 

Nous avons montré que les aînés faisaient moins facilement confiance que les autres, et qu’ils 

réciproquaient moins (Figure 8). Ces résultats constituent la première preuve expérimentale que des 

différences établies au cours de l’enfance, dans l’environnement familial, peuvent persister jusqu'à 

l’âge adulte et transparaître dans le comportement coopératif avec des individus extérieurs à la 

famille (Article 5). 



 

 

18 

 

Figure 8. Comparaison des aînés avec les autres individus dans le jeu de l’investissement (ou jeu de 

confiance). (a) Montants moyens envoyés par les joueurs A aux joueurs B (unités monétaires). (b) 

Montants moyens renvoyés par les joueurs B ayant reçu 10 unités monétaires. (c) Montants moyens 

renvoyés par les joueurs B ayant reçu 30 unités monétaires. 

2.2. Sélection sexuelle et coopération 

La compréhension de l’évolution de la coopération chez l’Homme est limitée par le manque 

d’informations sur les sources de variation interindividuelle. Elle pourrait grandement bénéficier 

d’investigations sur le rôle potentiel de la sélection sexuelle. La sélection sexuelle constitue une force 

évolutive majeure (Andersson & Iwasa, 1996 ; Andersson & Simmons, 2006), et il semblerait qu’elle 

puisse être impliquée dans le maintien de la coopération. Par exemple, la coopération entre mâles de 

Manakin lancéolé (Chiroxuphia lanceolata) semble soumise à la sélection sexuelle. En effet, chez 

cette espèce, certains mâles coopèrent par paires pour élaborer des chants et des danses en duo afin 

d’augmenter leur succès reproducteur (Duval, 2007). 

Chez l’Homme, de nombreuses études ont montré l’existence de préférences vis-à-vis de certains 

traits pour le choix des partenaires sexuels. La préférence pour un ratio taille-hanches particulier, la 

symétrie bilatérale du visage, et l’expression de caractères sexuels secondaires liés aux hormones 

sexuelles chez les hommes en sont quelques exemples. Ces composantes de l’attractivité 

informeraient de la qualité phénotypique, génétique et développementale de l’individu (Weeden & 

Sabini, 2005 ; Furnham et al., 2006 ; Thornhill & Gangestad, 1993 ; Roberts et al., 2005).  

Cependant, l’importance des traits comportementaux dans la perception de l’attractivité, tels 

que la réputation et le statut social, est encore mal connue (Kniffin & Wilson, 2004). Or, la générosité 

pourrait être un trait comportemental renforçant le statut et la réputation : les chasseurs Ache du 

Paraguay qui produisent et partagent le plus, sont ceux qui reçoivent le plus de nourriture dans les 

périodes difficiles (réciprocité indirecte) (Gurven et al., 2000). Cet effet de la réputation sur les 

futures interactions sociales est soutenu par de nombreuses études expérimentales utilisant des jeux 

d’économie (Fehr, 2004 ; King-Casas et al., 2005 ; Nowak & Sigmund, 1998 ; Wedekind & Milinski, 

2000)]. De plus, d’autres études ont montré que la réputation avait un effet fort sur la perception de 

l’attractivité et le statut socio-économique, les femmes étant plus influencées que les hommes par 

ces deux facteurs dans la sélection de leurs partenaires potentiels (Townsend & Levy, 1990 ; Kniffin & 

Wilson, 2004). Enfin, une étude menée chez les femmes Tsimanes de Bolivie, montre que les 

informations échangées entre elles, relatives à la réputation des hommes du groupe, prédisent 

significativement les rangs d’attractivité de ces derniers (Rucas et al., 2006). Certaines 

caractéristiques telles que l’intelligence sociale, l’honnêteté, et la loyauté sont les informations de 

réputation les plus influentes sur l’attractivité dans cette population. La réputation de coopérativité 

pourrait ainsi être un des traits majeurs dans le choix de partenaires sexuels. 
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a) Attractivité et coopérativité 

Le Jeu du Bien Public permet d’étudier le comportement individuel de personnes interagissant au 

sein d’un groupe et de mesurer différents aspects de la coopération tels que la confiance, la prise de 

risque, la réciprocité et le désir d’équité. Le Jeu du Bien Public met en interaction plus de deux 

joueurs, en général quatre. Chaque joueur choisit secrètement quelle proportion de l’argent qui lui a 

été initialement remis il veut mettre dans un pot commun. L’argent du pot commun est multiplié par 

un facteur fixe. Chacun des joueurs garde l’argent qui n’a pas contribué au bien public, et tous 

reçoivent une part égale de l’argent du pot commun. Dans ce jeu, la stratégie évolutivement stable, 

fondée sur la maximisation des gains individuels, prédit une contribution nulle au compte collectif de 

la part de tous les joueurs (à cause du risque que les autres joueurs fassent une contribution nulle), 

ce qui n’est pas ce que l’on observe expérimentalement (Gintis et al., 2003). 

Au cours d’une étude sur des étudiants de Montpellier, nous avons tout d’abord montré que les 

hommes, contrairement aux femmes, coopèrent davantage dans la situation où les participants sont 

informés du sexe des autres joueurs de leur groupe (Figure 9). Une explication possible de cet effet 

sexe-spécifique serait que les hommes se soucient davantage de leur réputation sociale en raison de 

son influence sur l’accès aux partenaires pour la reproduction : ils intensifieraient leurs 

comportements coopératifs lorsque leur réputation est en jeu. 

 

Figure 9. Contribution individuelle moyenne au cours des 20 périodes selon que le sexe des joueurs 

du groupe est affiché ou pas. Les hommes contribuent en moyenne plus que les femmes au compte 

collectif. L’affichage du sexe des membres du groupe stimule la contribution au compte collectif chez 

les hommes. 

 

Les résultats d’une seconde étude réalisée avec des couples hétérosexuels suggèrent une 

tendance à l’homogamie vis-à-vis de la coopération mesurée dans le Jeu du Bien Public. Ces résultats 

prometteurs ouvrent d’intéressantes perspectives pour l’étude de l’influence de la sélection sexuelle 

dans l’évolution de la coopération. 
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b) Testostérone et coopérativité 

Un moyen indirect d’étudier le rôle de la sélection sexuelle dans l’évolution du comportement 

coopératif est de tester l’existence d’une association entre ce comportement et les hormones 

sexuelles, telles que la testostérone. 

L’influence de la testostérone sur le comportement des hommes a fait l’objet d’une étude 

utilisant un jeu d’économie : le Jeu de l’Ultimatum. Dans ce jeu, l’un des deux joueurs doit faire une 

offre au second sur la façon de partager de l’argent mis à leur disposition. Si le receveur accepte, les 

joueurs se partagent l’argent selon cette offre. Cependant, si l’offre est rejetée, les deux joueurs ne 

reçoivent alors aucune somme d’argent. La rationalité économique prédit que le receveur devrait 

accepter n’importe quelle offre, et que le donneur devrait garder tout l’argent qui lui a été attribué ; 

or, les faibles offres sont fréquemment rejetées. Cette étude a montré que les hommes qui rejetaient 

ces petites offres dans le Jeu de l’Ultimatum avaient un taux de testostérone significativement plus 

élevé que ceux qui les acceptaient (Burnham, 2007). Le taux de testostérone aurait également une 

influence sur la prise de risque lors d’investissements financiers : les hommes ayant un taux de 

testostérone élevé sont plus téméraires dans ce type de jeu (Apicella et al., 2008). L’influence de 

cette hormone a été également observée dans des situations de la vie réelle, comme chez les 

courtiers en bourse de sexe masculin pendant leurs journées de travail. Leur taux de testostérone 

matinal était positivement corrélé avec leurs profits nets de la journée, ce qui pourrait être dû à la 

corrélation entre testostérone et prise de risque (Coates & Herbert, 2008). 

Bien qu’un effet de la testostérone sur l’agressivité et la dominance ait également été mis en 

évidence chez les femmes (Bateup et al., 2002 ; Dabbs et al., 1988 ; Harris et al., 1996 ; Cashdan, 

1995 ; Grant & France, 2001), une seule étude, à notre connaissance, s’est intéressée au rôle de cette 

hormone sur le comportement des femmes dans des jeux d’économie. Cette étude, qui n’a pas 

révélé d’effet de la testostérone, comparait des femmes prenant un traitement à base de 

testostérone et des femmes prenant des placebos (Zethraeys et al., 2009). Cependant, le rôle du taux 

de testostérone intrinsèque n’a pas encore été étudié chez les femmes. 

Dans notre étude utilisant le Jeu du Bien Public, nous avons mis en évidence une influence 

négative de la testostérone sur les comportements coopératifs des hommes et des femmes. Nous 

poursuivons actuellement nos investigations en utilisant d’autres expériences conçues pour mesurer 

d’autres facettes de la coopération. 
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3. Rôle de la compétition dans l’évolution du polymorphisme de latéralité 

Chez l’Homme, comme chez de nombreuses espèces animales, il existe des asymétries du 

comportement. Par exemple, pour une activité manuelle donnée, certains individus préfèrent utiliser 

leur main gauche et d’autres leur main droite : c’est la latéralité manuelle. Bien que l’écriture soit 

l’activité qui a été le plus souvent utilisée pour caractériser un gaucher ou un droitier, de 

nombreuses personnes n’utilisent pas la même main pour toutes les activités manuelles. De plus, 

d’autres formes de latéralité existent chez l’Homme : par exemple la dominance oculaire. 

Les scientifiques débattent depuis longtemps des causes du polymorphisme de latéralité 

manuelle chez l’Homme. Le fait d’être latéralisé représente un avantage clair : cela permet de 

spécialiser un côté dans une activité donnée, ce qui améliore les performances (efficacité, précision, 

puissance, rapidité). De plus, cela évite les répétitions inutiles de fonctions dans les deux 

hémisphères du cerveau. Des expériences chez les chats et les macaques ont montré que, dans un 

environnement où l’action d’une patte (ou main) est nécessaire pour obtenir de la nourriture, tous 

les individus, avec l’expérience, se spécialisent progressivement pour un côté, même si 

l’environnement est symétrique et que la nourriture peut être obtenue aussi bien avec les deux 

pattes (ou mains) (Warren, 1980). D’autres expériences ont montré que les chats latéralisés sont plus 

rapides pour attraper une proie que les chats qui ne montrent pas de préférence pour l’utilisation 

d’une patte ou de l’autre (Fabre-Thorpe et al., 1991). De même, chez les Chimpanzés, le succès à la 

pêche aux termites est supérieur chez les individus latéralisés, indépendamment de la direction 

(McGrew & Marchant, 1999). Enfin, chez l’Homme, des études ont montré que les indices 

d’intelligence générale sont plus faibles chez les individus qui ont des performances égales avec les 

deux mains, et sont d’autant plus élevées que les individus sont latéralisés, quelle que soit la 

direction (Crow et al., 1998 ; Leask & Crow, 2001 ; Nettle, 2003a). 

La latéralisation représente donc un atout, mais l’énigme vient du fait que certains individus 

utilisent préférentiellement le côté droit et d’autres le gauche : il existe un polymorphisme de 

latéralité manuelle. En fait, ce polymorphisme est sans doute un phénomène très ancien, puisqu’il 

est observé chez de nombreuses espèces de primates. Des données datant de -200 000 ans montrent 

que les gauchers étaient déjà minoritaires chez Homo neanderthalensis (Steele & Uomini, 2005), et 

des données datant de -10 000 à -36 000 ans montrent que les gauchers étaient également 

minoritaires chez Homo sapiens (Article 18). Dans les sociétés occidentales, les gauchers constituent 

environ 10% de la population, avec une fréquence un peu plus élevée chez les hommes que chez les 

femmes. Leur proportion varie de 3% à 27% dans les cultures qui ont été étudiées (Article 16). 

La latéralité manuelle est héritable, ce qui signifie que les parents gauchers produisent plus 

d’enfants gauchers que les parents droitiers (Article 7). Les études sur les jumeaux monozygotiques 

et dizygotiques, ainsi que les études sur les enfants adoptés, ont montré qu’il existe indubitablement 

une part génétique au déterminisme de latéralité (Sicotte et al., 1999). Plusieurs études de génétique 

moléculaire ont été réalisées récemment, visant à isoler une région chromosomique différant de 

façon systématique entre gauchers et droitiers. De telles régions chromosomiques ont été trouvées, 

tout d’abord sur le chromosome X (Laval et al., 1998), puis sur les chromosomes 2, 10, 12, et 17 

(Francks et al., 2003; Francks et al., 2002 ; Van Agtmael et al., 2003 ; Warren et al., 2006). Ainsi, il est 

très probable que la latéralité ait un déterminisme complexe impliquant de nombreux gènes. D’autre 

part, la transmission s’explique aussi en partie par les phénomènes d’apprentissage et autres 

influences environnementales (Bryden et al., 1993 ; Coren, 1992). 

Vis-à-vis de la sélection naturelle, les gauchers sont désavantagés par certains aspects. Leur poids 

à la naissance est en moyenne plus faible, ce qui est corrélé à une santé plus fragile, ils sont plus 

fréquemment sujets à des maladies des systèmes immunitaire et nerveux, et leur longévité semble 

réduite, ceci étant en partie dû à un risque d’accidents qui semble plus élevé (Article 7). Ainsi, il 
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existe des forces de sélection agissant négativement sur la proportion de gauchers, ce qui aurait dû 

aboutir à leur disparition au cours des générations. Le polymorphisme de latéralité a pourtant été 

maintenu, ce qui requiert une explication. 

3.1. Avantage stratégique dans les combats 

Un avantage du rare dans les affrontements physiques a été invoqué pour expliquer le maintien 

du polymorphisme. Les gauchers étant moins fréquents que les droitiers, un individu quelconque a 

plus de chance d’être confronté à un droitier lors d’un combat. Les gauchers sont par conséquent 

plus habitués aux opposants droitiers que l’inverse : ils bénéficient donc d’un avantage parce qu’ils 

sont rares. Les interactions agressives sont responsables de pressions de sélection qui ont 

certainement eu une grande importance au cours de l’évolution des primates et de l’Homme. Une 

telle supériorité des gauchers dans les affrontements physiques leur conférerait des avantages de 

façon directe (en augmentant leurs chances de survie), mais également de façon indirecte. En effet, 

les combats ritualisés et les compétitions sur les aptitudes physiques existent dans toutes les 

cultures, et la réussite dans ce domaine semble avoir un effet positif sur le statut social, l’attractivité, 

et le succès reproducteur (Chagnon, 1988 ; Kaplan & Hill, 1985). L’idée d’un avantage des gauchers 

dans les combats est soutenue par l’étude des sports dits interactifs, dans lesquels on est confronté à 

un adversaire (e.g. tennis, boxe) ou plusieurs (sports collectifs). Les gauchers sont significativement 

plus fréquents parmi les sportifs de haut niveau dans ces disciplines que dans la population générale 

ou dans les disciplines non-interactives (Raymond et al., 1996 ; Grouios et al., 2000 ; Goldstein & 

Young, 1996 ; Brooks et al., 2003). 

Un moyen direct d’évaluer l’influence de cet avantage est d’étudier la relation entre la fréquence 

des gauchers et le niveau de violence prévalant dans les différentes cultures. Comme les taux 

d’agression physique varient selon les cultures, et que l’avantage des gauchers dans les combats 

devrait être plus fort dans un contexte plus violent, une corrélation positive entre la fréquence de 

gauchers et le niveau de violence est attendue (Article 14). Le cas des sociétés occidentales ou 

occidentalisées est à considérer avec précaution, car le type de violence a considérablement changé : 

les guerres se manifestent par l’utilisation prédominante d’armes puissantes et de longue portée. 

Dans ce contexte, il n’existe peut-être plus d’avantage pour les gauchers. C’est pourquoi nous avons 

testé le lien entre polymorphisme de latéralité et violence dans des sociétés traditionnelles ou peu 

industrialisées. Nous avons trouvé une corrélation positive et significative entre le taux d’homicides 

et la fréquence des gauchers (Article 15). Ces résultats renforcent l’hypothèse d’un rôle important de 

l’avantage des gauchers dans les combats pour le maintien du polymorphisme de latéralité chez 

l’Homme. De plus, les données obtenues chez les chimpanzés et chez les singes capucins s’y 

conforment relativement bien : il est ainsi possible que cette relation soit assez générale, au moins 

chez les primates. 

a) Importance des combats ritualisés pour le succès reproducteur 

L’avantage évolutif des combats ritualisés n’est pas évident, car ils procurent rarement des 

bénéfices directs, tels que des ressources ou du territoire. Il est cependant possible que ces combats 

permettent de démontrer sa qualité phénotypique. De même, dans les sociétés modernes, les sports 

demandent de bonnes compétences visuo-spatiales, de la vitesse, de l’endurance, et de la force. Le 

niveau qu’un individu atteint dans les compétitions sportives est donc un signal honnête de sa 

condition physique, et d’autres aspects de sa qualité phénotypique en général. Les sports interactifs, 

en particulier, peuvent être considérés comme des combats ritualisés, et ils transmettent des 

informations sur les compétences dans les combats réels. Par conséquent, le fait de s’investir dans 

les sports pourrait permettre de faciliter l’accès aux partenaires pour la reproduction. Ainsi, les 

étudiants en filière sportive ont plus de partenaires sexuels du sexe opposé que les étudiants en 

filière non sportive, et d’autant plus que leur niveau sportif est élevé (Article 17). 
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Nous avons étudié le succès reproducteur des hommes impliqués dans des compétitions de lutte 

Serere, un sport de combat traditionnel au Sénégal. Nous avons montré que le fait de participer à ces 

compétitions était positivement associé au nombre d’enfants d’un homme (en contrôlant pour l’âge, 

la condition physique et le statut socio-économique) (Figure 10). Nous avons également montré que 

cet effet était lié à une augmentation de la probabilité d’avoir plusieurs femmes (Figure 11). Ces 

résultats suggèrent que la pratique d’un sport de combat confère un prestige qui facilite l’accès aux 

partenaires, et/ou que les hommes impliqués dans ce type de sport sont plus performants dans la 

compétition intra-sexuelle pour l’accès aux partenaires (Article 8). 

 

Figure 10. Nombre d’enfants parmi les hommes qui se sont reproduits au moins une fois, selon qu’ils 

sont "lutteurs" ou pas. 

 

 

Figure 11. Proportion d’hommes mariés à plusieurs femmes parmi les hommes mariés, selon qu’ils 

sont "lutteurs" ou pas. 

b) Conséquences de l’avantage des gauchers dans les combats 

Nous avons exploré, sur un échantillon de 1150 hommes âgés en moyenne de 55 à 65 ans 

(employés EDF), l’association entre la latéralité manuelle et le nombre de combats au cours de la vie. 

Nos résultats sont en accord avec l’hypothèse d’un avantage stratégique des gauchers dans les 

combats lié à un effet de surprise dû à leur rareté relative. En effet, nous n’avons pas trouvé d’effet 

de la latéralité manuelle sur la probabilité initiale de se battre, ce qui suggère que la propension 

innée à se battre n’est pas différente entre gauchers et droitiers. Par contre, parmi les hommes qui 

se sont battu au moins une fois, les gauchers se sont battus plus souvent (Figure 12). Ceci pourrait 

être un comportement acquis chez les gauchers, lié aux expériences antérieures de combats, qui 

auraient pu induire une prise de conscience de leur avantage stratégique (Article 23). Dans une 

seconde étude sur des étudiants de l’Université Montpellier 2, nous avons montré que les taux de 
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testostérone des gauchers (hormone liée à l’agressivité et à la dominance) étaient plus élevés que 

ceux des droitiers (Figure 13) (Article 23). 

Nous avons également effectué une étude de terrain au Sénégal sur la transmission de la 

latéralité manuelle des parents aux enfants. En effet, les études en Europe ont montré l’existence 

d’effets maternels (McManus, 1991). De tels effets permettraient de maintenir l’existence de 

gauchères parmi les femmes (qui sont presque aussi fréquentes que les gauchers parmi les hommes), 

dans le contexte de l’avantage fréquence-dépendant des hommes gauchers dans les combats (Article 

14). Les analyses sont actuellement en cours. 

 

 

Figure 12. Probabilité de s’être battu souvent (plus de deux fois) chez les hommes, en fonction de 

leur latéralité manuelle (en contrôlant pour l’âge, la taille et le poids). 

 

 

Figure 13. Taux de testostérone moyen des hommes en fonction de leur latéralité manuelle (en 

contrôlant pour l’âge, la taille et le poids). 
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3.2. Avantage socio-économique 

Il existe entre droitiers et gauchers des différences d’organisation du cerveau. Par exemple, 95% 

des droitiers ont l’hémisphère gauche dominant pour le langage, tandis que chez les gauchers, 70% 

ont l’hémisphère gauche dominant pour le langage, et 30% ont l’hémisphère droit dominant ou une 

codominance (Geschwind, 1970). De plus, certaines études suggèrent un transfert inter-

hémisphérique plus actif chez les gauchers, via le corpus callosum qui est plus développé (Witelson, 

1985). 

De nombreux chercheurs se sont penchés sur les relations entre latéralité et capacités 

cognitives. Les gauchers sont plus fréquents dans des groupes d’individus ayant des scores aux tests 

de QI soit extrêmement faibles, soit extrêmement élevés (Annett & Turner, 1974 ; Benbow, 1986 ; 

Hicks & Dusek, 1980 ; Porac & Coren, 1980). Les gauchers semblent donc constituer un ensemble très 

hétérogène. De nombreuses mesures de l’intelligence ont été utilisées pour comparer gauchers et 

droitiers dans la population générale (tests verbaux, tests symboliques, tests de mémoire, exercices 

de manipulation visuelle, tests de lecture, de dessin, d’arithmétique, tests de langues étrangères). Il 

semblerait que les gauchers et les droitiers diffèrent non pas par leurs capacités cognitives globales, 

mais plutôt par leurs styles cognitifs : ils auraient des formes différentes d’intelligence. Par exemple, 

les gauchers seraient en moyenne supérieurs pour la mémoire épisodique mais inférieurs pour la 

mémoire implicite (Christman & Propper, 2001). Certaines études suggèrent que les gauchers ont de 

plus grandes facultés d’innovation et de créativité (Coren, 1995 ; Newland, 1981). Des différences 

socio-économiques pourraient également être induites par des choix professionnels différents : 

plusieurs études ont montré que les gauchers sont plus fréquents dans certains domaines 

professionnels, tels que les arts (Mebert & Michel, 1980 ; Peterson, 1979), la musique (Aggleton et 

al., 1994 ; Byrne, 1974 ; Hassler & Gupta, 1993), les mathématiques (Peters, 1991 ; Casey et al., 

1992), et l'architecture (Peterson & Lansky, 1974). 

Dans un échantillon de 13000 personnes (employés EDF), en France, nous avons mis en évidence 

des différences au niveau des salaires (Article 10) : les gauchers (hommes et femmes) ont en 

moyenne un salaire plus élevé que les droitiers (Figure 14). Cet avantage socio-économique pourrait 

expliquer, au moins en partie, le maintien du polymorphisme. 

 

Figure 14. Proportion de gauchers dans les différentes classes de revenus au sein de la cohorte GAZEL 

(employés EDF). 

Nous avons ensuite effectué deux études de terrain, au Sénégal et en Ouzbékistan, sur le lien 

entre statut socio-économique et latéralité, afin de vérifier la généralité de la relation trouvée entre 

ces deux variables en France ; les analyses sont actuellement en cours. 
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B – Projets 

Objectifs de recherche 

1. Investissement parental et alloparental 

1.1. Investissement paternel et incertitude de paternité 

Nous avons le projet d’élargir notre étude sur l’investissement paternel à d’autres populations, 

notamment dans des cultures : 

- où la conception de la paternité diffère de la paternité biologique (par exemple dans les 

sociétés où la paternité est conçue comme multiple) 

- où le problème de l’incertitude de paternité est contourné par le mode de transmission des 

biens et du pouvoir (sociétés matrilinéaires). 

Ce projet permettra d’aborder la question intéressante des interactions entre traits biologiques 

et culturels. 

1.2. Investissement des grands-parents et incertitude de paternité 

Nous disposons aujourd’hui de nombreuses preuves convaincantes de l’effet positif et significatif 

que les femmes peuvent avoir, après leur période de reproduction, sur le succès reproducteur de 

leurs enfants. Une étude en Gambie rurale a montré que la présence d’une grand-mère améliore la 

condition nutritionnelle de ses petits-enfants, et augmente leurs chances de survie (Sear et al., 2000). 

Une autre étude sur les chasseurs-cueilleurs Hadza de Tanzanie montre que le poids de l’enfant est 

positivement corrélé avec le temps que la grand-mère passe à rechercher de la nourriture (Hawkes et 

al., 1997). Enfin, une étude des populations préindustrielles aux 18ème et 19ème siècles en Finlande 

et au Canada a montré que les femmes obtenaient des gains de valeur sélective significativement 

supérieurs en survivant au-delà de la ménopause (Lahdenperä et al., 2004) : pour chaque décennie 

de vie après la ménopause, jusqu’à l’âge de 75 ans, les femmes ont deux petits-enfants de plus en 

moyenne, ce qui suggère qu’une pression de sélection positive agit sur la longévité au moins jusqu’à 

cet âge. Cet effet s’explique par le fait que les individus (hommes et femmes), en présence de leur 

mère, ont une période de reproduction plus longue, commençant plus tôt, avec une fréquence de 

naissances plus élevée, et de meilleures chances de survie des petits-enfants, et ceci 

indépendamment du statut socio-économique ou de la qualité de l’environnement (Lahdenperä et 

al., 2004). 

L’incertitude de paternité entraîne une probabilité d’apparentement plus faible pour les 

apparentés paternels que pour les apparentés maternels, et on s’attend à une variation 

d’investissement entre ces deux types de réseau. Ainsi, il a été montré à plusieurs reprises que les 

grands-parents maternels s’investissent plus que les grands-parents paternels (Euler & Weitzel, 

1996 ; Gibson & Mace, 2005 ; Laham et al., 2005 ; Voland & Beise, 2002 ; Jamison et al., 2002), 

comme prédit par les problèmes d’incertitude de paternité. 

Le premier objectif de ce projet est de vérifier si les différences d’investissement entre lignées 

maternelle et paternelle ont des effets mesurables sur le développement, la santé, et la scolarité de 

leurs petits-enfants et/ou sur la santé physique et mentale des parents. Ensuite, nous chercherons à 

déterminer si ces effets sont particulièrement importants dans les milieux économiquement 

défavorisés. 
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Nous utiliserons des données longitudinales issues de deux grandes cohortes européennes 

(Millennium Cohort et cohorte GAZEL, 40.000 individus au total). Nous utiliserons des méthodes 

statistiques multivariées, afin de contrôler l’effet de nombreux facteurs environnementaux, sociaux 

et familiaux. 

1.3. Dispersion retardée et coopération au sein de la fratrie 

En utilisant les données démographiques de la Finlande pré-industrielle, nous examinerons dans 

un premier temps les conséquences du nombre de frères et sœurs plus âgés sur la survie et le succès 

reproducteur des individus. Ensuite, nous déterminerons si la vie en famille se produit quand les 

coûts de dispersion sont élevés (Clutton-Brock, 2002 ; Emlen, 1991). Nous comparerons les stratégies 

de dispersion (temps, distance) des enfants : (1) nés dans des régions intra-continentales rudes de 

Finlande, et nés dans des zones côtières plus favorables ; (2) nés dans des familles de différents 

niveaux de richesse et de revenus ; (3) nés à des moments où prévalaient différentes conditions 

environnementales (p. ex. avec différentes tailles de population et différents sex-ratios, ces facteurs 

affectant la recherche de partenaire, ou bien différentes conditions sanitaires et alimentaires). Enfin, 

nous testerons l’hypothèse selon laquelle, en retardant leur dispersion et en aidant leurs apparentés, 

les individus parviennent à augmenter le succès reproducteur de ceux-ci et donc leur propre valeur 

sélective inclusive (Hamilton, 1963). Nous examinerons les conséquences du moment de dispersion 

choisi par les individus sur la survie et le succès reproducteur (1) de leurs parents, (2) des plus jeunes 

frères et sœurs, (3) des individus eux-mêmes. 

Par ailleurs, nous analyserons des données déjà collectées sur les comportements coopératifs au 

sein de la fratrie dans une population rurale au Sénégal. Nous étudierons (1) de quels facteurs 

familiaux et sociaux les comportements de coopération au sein de la fratrie dépendent, (2) comment 

leurs variations peuvent être expliquées par des différences de taux de certaines hormones liées aux 

comportements coopératifs chez les mammifères sociaux (cortisol, prolactine et testostérone), et (3) 

comment ces comportements affectent la condition des plus jeunes (nutrition, croissance, santé, 

stress chronique, scolarité, etc.).  

2. Coopération avec des individus non-apparentés 

2.1. Sélection sexuelle et coopération 

Des études suggèrent que les comportements coopératifs pourraient être utilisés pour signaler 

sa qualité en tant que partenaire pour la reproduction (état de santé, stratégies d’investissement 

parental, fidélité sexuelle), et influencer ainsi l’attractivité. Afin d’examiner le rôle de la sélection 

sexuelle dans l’évolution de la coopération, nous analyserons les liens entre coopérativité et succès 

reproducteur. D’autre part, nous étudierons l’influence de la coopérativité d’un individu sur son 

attractivité en conduisant des expériences (jeux d’économie) en présence d’observateurs de sexe 

opposé. Nous réaliserons également une enquête sur l’importance de la coopérativité pour le choix 

de partenaires sexuels. Ces recherches seront effectuées tout d’abord en France, puis dans une 

approche interculturelle au Sénégal et en Ouzbékistan, qui constituent deux contextes culturels très 

différents. Ce projet novateur possède le potentiel d’améliorer significativement notre 

compréhension de l’évolution de la coopération et de la socialité chez l’Homme. 
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2.2. Environnement familial et coopération 

Afin de prolonger et d’élargir notre étude sur l’influence du rang de naissance sur la 

coopérativité, nous analyserons l’effet de nombreux paramètres de l’environnement familial 

(présence du père, d’un beau-père, rang de naissance intra-sexe, relations avec les grands-parents), 

dans plusieurs jeux d’économie, permettant de mesurer différentes facettes de la coopération. 

2.3. Stress et coopération 

Une étude a montré que les individus qui font plus facilement confiance aux autres ont des pics 

de cortisol moins élevés en réponse au stress social (Takahashi et al., 2005), mais à ce jour rien n’est 

connu sur la réponse physiologique au stress dans le contexte des jeux d’économie. Une étude 

récente sur les traders en bourse a cependant montré que leur niveau de cortisol augmente avec la 

volatilité du marché (Coates & Herbert, 2008). 

Examiner les supports hormonaux de la variabilité comportementale, et plus généralement sa 

base biologique, constitue une étape très importante vers une meilleure compréhension de 

l’évolution de la coopération humaine. En collaboration avec le LAMETA (Université Montpellier 1), 

nous conduirons des expériences pour étudier l’influence du stress hormonal (cortisol) sur la 

coopération et sur la fraude fiscale. 

Autres objectifs 

1. Encadrement et animation de la recherche 

J’anime actuellement trois projets de recherche : la thèse d’Arnaud Tognetti (sélection sexuelle 

et coopération), le M2 d’Aïda Nitsch (coopération au sein de la fratrie), et un projet mené par Claire 

Berticat, ingénieure de recherche de notre équipe (influence de l’environnement familial sur la 

coopération à l’extérieur de la famille). 

Je viens d’obtenir un financement PEPS (programme interdisciplinaire de l’INEE), qui va 

permettre de démarrer les expériences sur le rôle de la sélection sexuelle dans l’évolution de la 

coopération. Mon dossier de demande d’ANR Jeunes Chercheurs est en cours d’évaluation. Je 

compte également faire en 2011 une demande d’ERC Starting Grant (financement européen 

demandé en 2009 mais pas obtenu). Dès l’obtention d’un financement, je pourrai recruter un post-

doc et des stagiaires pour développer mes différents projets. 

2. Enseignement et diffusion de la culture scientifique 

Je fais partie du comité d’organisation de la conférence internationale de la société HBES 

(Human Behaviour and Evolution Society, qui aura lieu en 2011 à Montpellier (Corum). 

Je compte continuer à développer dans les prochaines années l’enseignement de la biologie 

évolutive humaine au sein de l’Université Montpellier 2, en M1 dans le module Interactions 

Bioculturelles de Doyle McKey, et en M2 dans le module de Biologie évolutive humaine de Michel 

Raymond. 

J’ai également l’intention de poursuivre mes activités de vulgarisation. Des conférences sont déjà 

prévues pour 2010 dans les lycées de Montpellier (Année de la Biodiversité). 
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(CNRS, Montpellier). 

2000 Evolution de la discrimination des couleurs chez les singes Capucins (CNR, Rome). 

2000 Ecologie de Chimpanzés réintroduits (Projet Conkouati, WCS, Congo). 

1999 Réponses comportementales des singes Diana au risque de prédation 

(Taï Monkey Project, Côte d’Ivoire). 

1998 Comportement de jeu chez les Orangs-Outans 

(Muséum d’Histoire Naturelle, Paris). 

1997 Apprentissage social et transfert d’informations chez les Macaques de Tonkean 

(CNRS, Strasbourg). 

1996 Evolution d’un mutualisme plante-insecte dans les Alpes françaises 

(CNRS, Grenoble). 
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Production scientifique 

Publications dans des revues à comité de lecture 

2010 

1. Alvergne A., Faurie C. & Raymond M. 2010. Actual versus perceived resemblance of children 

to their parents: What link to parental investment? Evolution and Human Behavior, 31, 7-

15. 

2009 

2. Alvergne A., Faurie C. & Raymond M. 2009. Father-offspring resemblance predicts paternal 

investment in humans. Animal Behaviour, 78, 61-69. 

3. Alvergne A., Oda R., Faurie C., Matsumoto-Oda A., Durand V. & Raymond M. 2009. Cross-

cultural perceptions of facial resemblance between kin. Journal of Vision, 9(6):23, 1-10. 

4. Alvergne A., Faurie C. & Raymond M. 2009. Variation in testosterone levels and paternal care: 

insight from a human polygamous population. Hormones and Behavior, 56, 491-497. 

5. Courtiol A., Raymond M. & Faurie C. 2009. Birth order affects behaviour in the investment 

game: Firstborns are less trustful and reciprocate less. Animal Behaviour, 78, 1405-1411. 

6. Faurie C., Russell A. F. & Lummaa V. 2009. Middleborns at a disadvantage? Testing birth-order 

effects on fitness in pre-industrial Finns. PLoS ONE, 4, 1-9. 

7. Llaurens V., Raymond M. & Faurie C. 2009. Why are some people left-handed? An evolutionary 

perspective. Philosophical Transactions of the Royal Society of London, 364, 881-894. 

8. Llaurens V., Raymond M. & Faurie C. 2009. Ritual fights and male reproductive success in a human 

population. Journal of Evolutionary Biology, 22, 1854-1859. 

2008 

9. Alvergne A., Faurie C. & Raymond M. 2008. Developmental plasticity of human reproductive 

development: Effects of early family environment in modern-day France. Physiology and 

Behavior, 95, 625-632. 

10. Faurie C., Bonenfant S., Goldberg M., Hercberg S., Lagarde E., Zins M. & Raymond M. 2008. 

Socio-economic status and handedness in two large cohorts of French adults. British 

Journal of Psychology, 99, 533-554. 

2007 

11. Alvergne A., Faurie C. & Raymond M. 2007. Differential facial resemblance of young children 

to their parents. Evolution and Human Behavior, 28, 135-144. 

2006 

12. Faurie C., Alvergne A., Bonenfant S., Goldberg M., Hercberg S., Zins M. & Raymond M. 2006. 

Handedness and reproductive success in two large cohorts of French adults. Evolution and 

Human Behavior, 27, 457-472. 

13. Faurie C., Vianey-Liaud N. & Raymond M. 2006. Do left-handed children have advantages 

regarding school performance and leadership skills? Laterality, 11, 57-70. 
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2005 

14. Billiard S., Faurie C. & Raymond M. (The authors contributed equally) 2005. Maintenance of 

handedness polymorphism in humans: A frequency-dependent selection model. Journal of 

Theoretical Biology, 235, 85-93.  

15. Faurie C. & Raymond M. 2005. Handedness, homicide and negative frequency-dependent 

selection. Proceedings of the Royal Society of London B, 272, 25-28. 

16. Faurie C., Schiefenhövel W., Le Bomin S., Billiard S. & Raymond M. 2005. Variation in the 

frequency of left-handedness in traditional societies. Current Anthropology, 46, 142-147. 

2004 

17. Faurie C., Pontier D. & Raymond, M. 2004. Student athletes claim to have more sexual 

partners than other students. Evolution and Human Behavior, 25, 1-8. 

18. Faurie C. & Raymond M. 2004. Handedness frequency over more than 10,000 years. 

Proceedings of the Royal Society of London B, 271, S43-S45. 

2003 

19. Faurie C. & Raymond M. 2003. Handedness: neutral or adaptive? Behavioral and Brain 

Sciences, 26, 220. 

20. Shultz S., Faurie C. & Noë R. 2003. Behavioural responses of Diana monkeys to male long-distance 

calls: changes in ranging, association patterns and activity. Behavioral Ecology and 

Sociobiology, 53, 238-245. 

Articles soumis ou en préparation 

21. Alvergne A., Jokela M., Faurie C. & Lummaa V. Personality and testosterone in men from a high-

fertility population. Soumis à Biology Letters. 

22. Faurie C., Alvergne A., Courtiol A. & Raymond M. Diversion of maternal investment by 

stepfathers: Lower scores at high school final exam. Soumis à Journal of Evolutionary 

Psychology. 

23. Llaurens V., Raymond M. & Faurie C. Greater involvement of left-handed men in male-male 

competition? Insights from fighting and hormonal data. Soumis à Hormones and Behavior. 

24. Faurie C., Alvergne A., Russell A.F. & Lummaa V. Hormones and cooperative breeding in humans. 

En préparation. 

25. Pavard S., Gagnon A., Faurie C., Heyer E. & Raymond M. Competitors or helpers? The impact of 

brothers and sisters on individuals’ survival and reproductive success in a pre-industrial 

population. En préparation. 

26. Tognetti A., Berticat C., Courtiol A., Dubois D., Raymond M. & Faurie C. Gender differences in 

public good games with different group compositions. En préparation. 

27. Tognetti A., Lummaa V., Alvergne A., Courtiol A., Russell A.F., Raymond M. & Faurie C. Heritability 

of facial attractiveness is in the eye of the observer. En préparation. 

Chapitres d’ouvrages et revues de vulgarisation 

Faurie C. & Raymond M. 2010. Biologie évolutive humaine. In : Biologie Evolutive (Eds F. Thomas, T. 

Lefevre, M. Raymond), De Boeck, sous presse, environ 1000 pages. 

Llaurens V. & Faurie C., 2009. Pourquoi y a-t-il des gauchers chez les humains. Actualités scientifiques 

dans les Hautes-Alpes, 68, 6-10. 

Faurie C., 2006. Gauchers : rares mais habiles. Cerveau & Psycho, 19, 1-5. 
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Communications scientifiques 

Faurie C., Alvergne A. & Raymond M. 2009. Father-offspring resemblance predicts paternal 

investment in humans. Conference Evolution: Intersecting Natural and Social Sciences, Siena 

(Italy), 10-13 décembre. 

Faurie C., Alvergne A. & Raymond M. 2008. Father-offspring resemblance predicts paternal 

investment and offspring condition in humans. European Conference on Behavioural Biology 

(ECBB), Dijon (France), 18-20 juillet. 

Faurie C., Llaurens V. & Raymond M. 2008. Why are some humans left-handed? International Society 

for Human Ethology (ISHE), 13-17 juillet, Bologna (Italie). 

Faurie C. & Raymond, M. 2008. Biologie évolutive de la famille humaine. Séminaire d’Ecologie et 

Evolution, Paris, 20 juin. 

Faurie C. & Raymond, M. 2008. Evolution of the polymorphism of handedness in human populations. 

Anthropology Department Seminars, London (UK), 28 février. 

Faurie C. & Raymond, M. 2007. Evolution of the polymorphism of handedness in human populations. 

Evolutionary Anthropology Research Group Seminars, Durham (UK), 19 octobre. 

Faurie C. & Raymond, M. 2007. Evolution of the polymorphism of handedness in human populations. 

Evolution and Behaviour Research Group Seminars, Sheffield (UK), 13 octobre. 

Faurie C. & Lummaa V. 2006. Fitness differences between siblings: Does birth order matter? 

International Society for Behavioral Ecology (ISBE), Tours (France), 23-29 juillet. 

Faurie C. & Lummaa V. 2006. Fitness differences between siblings: Middleborns’ disadvantages? 

Human Behavior and Evolution Society (HBES), Philadelphia (USA), 7-11 juin. 

Faurie C. & Lummaa V. 2006. Fitness differences between siblings: Effects of birth order. European 

Human Behavior & Evolution Society (EHBES), London (UK), 3-4 février. 

Faurie C., Alvergne A. & Raymond M. 2005. Do children resemble their fathers more than their 

mothers? A reassessment. Human Behavior and Evolution Society (HBES), Austin (USA), 1-5 

juin. 

Faurie C. & Raymond, M. 2005. Evolution du polymorphisme de latéralité en liaison avec le statut 

socio-économique. Conférence annuelle de la cohorte GAZEL, Paris, 15 février. 

Faurie C. & Raymond, M. 2005. Evolution of the polymorphism of handedness in human populations. 

Seminars of the Section of Ecology, Turku (Finlande), 31 janvier. 

Faurie C. & Raymond, M. 2004. Evolution of the polymorphism of handedness and socio-economic 

status. Human Behavior and Evolution Society (HBES), Berlin (Allemagne), 21-25 juillet. 

Faurie C. & Raymond, M. 2003. Evolution of the polymorphism of handedness. International 

Meeting: Human Biology, an Evolutionary Perspective, Montpellier, 3-5 décembre. 

Faurie C. & Raymond, M. 2003. Fights and the evolution of handedness: a cross-cultural study. 

European Society of Evolutionary Biology (ESEB), Leeds (UK), 19-23 août. 

Faurie C. & Raymond, M. 2003. Evolution du polymorphisme de latéralité. Conférence annuelle de la 

cohorte GAZEL, Paris, 15 février. 
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Activités de formation 

Post-doctorat 

2008-2009 Violaine Llaurens. Evolution du polymorphisme de latéralité dans les 

populations humaines. Financement : Programme STREP Européen. 

Résumé : Ce post-doctorat a tout d’abord permis de réunir dans une revue l’ensemble des résultats permettant 

d’éclairer la question du maintien du polymorphisme de latéralité. Nous avons ensuite analysé des données 

provenant d’une enquête effectuée en 2003 sur le nombre de combats physiques auxquels les hommes ont 

participé au cours de leur vie, et montré que gauchers et droitiers ne différent pas initialement dans leur 

propension à se battre, mais que parmi les hommes qui se sont battu au moins une fois, les gauchers se sont 

battus plus souvent. Puis nous avons montré que les taux de testostérone des gauchers (hormone liée à 

l’agressivité et à la dominance) étaient plus élevés que ceux des droitiers parmi des étudiants de l’Université 

Montpellier 2. Par ailleurs, nous avons effectué une première étude de terrain au Sénégal sur (1) les stratégies 

de reproduction des hommes en relation avec leur pratique d’un sport de combat ; (2) le lien entre statut 

socio-économique et latéralité, mis en évidence auparavant en France (Article 10) ; (3) les effets maternels 

dans la transmission de ce trait ; (4) le lien entre taux de testostérone et latéralité. Puis, lors d’une deuxième 

session de terrain en Ouzbékistan, nous nous sommes concentrés sur le lien entre statut socio-économique et 

latéralité. 

Articles correspondants : 7, 8 et 23. 

Devenir : Violaine a obtenu en 2010 une bourse européenne Marie Curie qui lui permettra de faire un 

deuxième post-doctorat à l’Université de Hull (UK), sur le fardeau génétique lié aux loci du Complexe Majeur 

d'Histocompatibilité. 

Thèses 

2005-2009 Alexandra Alvergne (en co-direction avec Michel Raymond). L’investissement 

paternel chez l’Homme : une approche évolutive. 

Résumé : Nos recherches ont montré que les pères utilisent des indices de paternité pour ajuster leur 

investissement. A travers une étude interculturelle, le lien entre la ressemblance phénotypique au père 

(d’après le père lui-même, la mère, ou des personnes extérieures), et le niveau d’investissement paternel ont 

été quantifiés. Les résultats indiquent que l’incertitude de paternité a constitué une pression de sélection 

favorisant l’utilisation d’indices de paternité par les hommes ainsi qu’un comportement de manipulation de la 

perception des hommes par les femmes. De plus, il semble que plusieurs traits phénotypiques puissent être 

utilisés pour évaluer la paternité (visages et odeurs).Très peu d’études avaient jusqu’alors été faites sur le lien 

entre l’investissement paternel et les ressemblances d’origine génétique. Ces résultats représentent 

aujourd’hui une étape importante dans l’étude de l’évolution de l’investissement paternel. Enfin, le lien entre 

le degré d’investissement du père et le développement physique de l’enfant a été évalué, et les résultats 

suggèrent que l’expression d’une forte ressemblance au père, via l’obtention d’investissement paternel, est 

associée à des bénéfices pour la valeur sélective de l’enfant. D’autre part, nous avons montré que le niveau 

d’expression de l’investissement paternel dépend de facteurs hormonaux, et que la régulation de 

l’investissement paternel par la testostérone est un trait commun à différents types de populations. Ces 

résultats suggèrent que la régulation hormonale des comportements liés à l’investissement paternel, qui avait 

d’abord été mise en évidence chez d’autres espèces (oiseaux, mammifères), est probablement aussi une 

caractéristique commune aux différentes populations humaines. 

Articles correspondants : 1, 2, 3, et 4. 

Devenir : De 2008 à 2009, Alexandra était en post-doc à l’Université de Sheffield, dans l’équipe de Virpi 

Lummaa, où j’ai moi-même fait mon post-doctorat de 2005 à 2007. Elle y a travaillé sur l’influence des traits 

psychologiques sur la fertilité et les stratégies de reproduction dans l’espèce humaine, et nous avons continué 

à collaborer pour ce projet (Article 21). Ensuite, elle a obtenu une bourse Newton (British Academy et Royal 

Society) et est actuellement en post-doctorat à Londres, dans le département d’Anthropologie de l’UCL, où elle 

travaille sur l’influence des interactions sociales sur la diffusion d’une innovation culturelle, en prenant comme 
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exemple le cas de la contraception. Elle a reçu en 2010 le prix New Investigator Award de EHBEA (European 

Human Behaviour & Evolution Association). 

Arnaud Tognetti (en co-direction avec Michel Raymond). Evolution de la coopération avec 

les non-apparentés : rôle de la sélection sexuelle. 

(En cours) 

Masters 2 et DEA 

2010 Aïda Nitsch. Evolution de la dispersion retardée et de la coopération au sein de la 

fratrie. 

(En cours) 

2009 Arnaud Tognetti (en co-direction avec Michel Raymond). Evolution de la 

coopération avec les non-apparentés : rôle de la sélection sexuelle. 

Résumé : Les comportements coopératifs, par lesquels un individu perd des ressources au profit d’un ou 

plusieurs autres individus, ne sont sélectionnés que si le coopérateur obtient ensuite des bénéfices directs 

et/ou indirects dépassant le coût. Les bénéfices directs peuvent provenir des phénomènes de réciprocité, 

directe dans le cas de rencontres répétées entre les mêmes individus, ou indirecte grâce à l’action de la 

réputation sociale. Cependant, ces phénomènes ne peuvent maintenir un degré élevé de coopération 

uniquement dans les interactions entre un nombre restreint d’individus. Chez l’Homme, la coopération au sein 

de larges groupes, entre des individus non-apparentés et dans des situations où la réciprocité est rare, 

nécessite donc d’autres explications. Notre étude s’est intéressée au rôle de la sélection sexuelle dans 

l’évolution de ces comportements coopératifs. En utilisant une méthode empruntée à l’économie 

expérimentale pour quantifier les comportements coopératifs au sein d’un groupe (Jeu du Bien Public), nous 

avons tout d’abord montré que les hommes, contrairement aux femmes, coopèrent davantage dans la 

situation où les participants sont informés du sexe des autres joueurs de leur groupe. Une explication possible 

de cet effet sexe-spécifique serait que les hommes se soucient davantage de leur réputation sociale en raison 

de son influence sur l’accès aux partenaires pour la reproduction : ils intensifieraient leurs comportements 

coopératifs lorsque leur réputation est en jeu. Les résultats d’une seconde étude réalisée avec des couples 

hétérosexuels suggèrent une tendance à l’homogamie vis-à-vis de la coopération mesurée dans le Jeu du Bien 

Public. Prises dans leur ensemble, nos analyses semblent indiquer que la sélection sexuelle agit sur les 

comportements coopératifs et participe au maintien de la coopération. Ces résultats prometteurs ouvrent 

d’intéressantes perspectives pour l’étude de l’influence de la sélection sexuelle dans l’évolution de la 

coopération. 

Article correspondant : 26. 

2009 Nathalie Smitz (en co-direction avec Violaine Llaurens). Variations de traits liés à la 

valeur sélective en fonction de la préférence manuelle. 

2005 Alexandra Alvergne (en co-direction avec Michel Raymond). Incertitude de 

paternité et ressemblance des visages chez l’Homme. 

Résumé : Au sein des primates, un fort investissement paternel est un trait spécifique à l’Homme. La quantité 

d'investissement paternel est modulée par le degré d'incertitude de paternité. Un des indicateurs possibles de 

la paternité est la proximité phénotypique des visages d’un père et d’un enfant. Il a été montré que la mère, et 

la famille maternelle, attribuent en général la ressemblance de l'enfant au père. La ressemblance d’un enfant 

est-elle effectivement biaisée en faveur du père? Les résultats publiés sur la question, théoriques comme 

expérimentaux, sont contradictoires et n’ont pas envisagé la possibilité d’une évolution de la ressemblance en 

fonction de l'âge de l'enfant. De plus, la variabilité des résultats publiés pourrait aussi refléter une variabilité de 

situations culturelles. L’étude présentée ici a pour objet de quantifier la ressemblance entre un enfant et 

chacun de ses parents, et ce, à différents âges et pour différentes cultures. Cette ressemblance est évaluée par 

des « juges », à partir de photographies de visages. Dans un premier temps, une approche intra-culturelle (en 

France et au Sénégal) a mis en évidence une évolution de la ressemblance au cours du temps. Les enfants 
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ressemblent davantage à leurs mères jusqu’à un an, puis il y a une inversion et la ressemblance est ensuite 

biaisée en faveur du père. En parallèle, des données sur l’attribution de la ressemblance par les parents montre 

qu’à la naissance, la mère attribue la ressemblance au père, ce qui est en opposition avec la ressemblance 

observée. Dans un deuxième temps, une approche inter-culturelle a mis en évidence que l’âge auquel les 

enfants ressemblent à leurs pères est différent selon les cultures. Les ressemblances entre parents et enfants 

sénégalais sont globalement perçues similairement par des juges français ou sénégalais, indiquant que les 

mécanismes de reconnaissance des liens de parentés à partir des visages sont communs à plusieurs cultures. 

Enfin, la ressemblance parent/enfant a été mise en évidence pour une espèce de grands singes (Gorille), en 

utilisant des juges humains. Il est donc que les mécanismes de reconnaissance des apparentés puissent 

s’appuyer sur les visages aussi chez d’autres espèces. Ce résultat préliminaire indique qu’il est sans doute 

possible d’étendre les résultats obtenus sur l’Homme à un niveau plus large. 

Article correspondant : 3 et 11. 

Masters 1, maîtrises et DESU 

2008 Arnaud Tognetti (en co-direction avec Michel Raymond). Attractivité des visages : 

homogamie, héritabilité et variations culturelles. 

Résumé : Dans le contexte des théories sur la sélection sexuelle, l’évolution des stratégies de choix de 

partenaires repose sur l’héritabilité des caractères attractifs. L’attractivité des visages chez l’Homme est l’objet 

de très nombreuses recherches. Pourtant, l’héritabilité de ce trait n’a jamais été directement testée. D’autre 

part, au sein des populations humaines, une homogamie a été observée pour certains traits corporels ou pour 

des caractéristiques socio-culturelles. Pour d’autres traits, ce sont au contraire des partenaires ayant des traits 

différents des siens qui sont préférés. Ces contradictions sont probablement dues à des compromis évolutifs. 

En ce qui concerne l’attractivité des visages, cette question n’a pas non plus été clairement étudiée. Enfin, la 

perception de l’attractivité physique pouvant être en partie liée à des adaptations locales ou à des influences 

culturelles, il semble nécessaire d’effectuer ces recherches dans plusieurs cultures. Nous avons donc testé (1) si 

les préférences pour les visages sont universelles ou culture dépendantes, et si elles sont fixées ou plastiques, 

(2) s’il existe dans les couples une homogamie pour l’attractivité des visages, (3) si l’attractivité des parents est 

transmise aux descendants. Pour cela, des photos de visages d’adolescents et de leurs parents ont été réalisées 

en France et au Sénégal. Des comparaisons de photos deux à deux, effectuées par des "juges", ont fourni un 

classement des visages selon leur attractivité. Trois catégories de "juges" ont réalisés ces choix : des Français, 

des sénégalais vivant au Sénégal et des Sénégalais vivant en France (afin d'envisager la possibilité d’une 

plasticité de la perception de l’attractivité). Les résultats mettent en évidence l’absence de panmixie pour 

l’attractivité du visage et montrent que ce trait est héritable. D’autre part, ils révèlent qu’en plus des variations 

culturelles des préférences, il existe un effet significatif de l’environnement. Enfin, ils soulignent l’importance 

déterminante des variations interindividuelles au sein des populations. 

Article correspondant : 27. 

2005 Alexandre Courtiol (en codirection avec Michel Raymond). Rang de naissance et 

altruisme : une approche expérimentale économico-darwinienne. 

Résumé : L’investissement parental est une ressource limitée. Son acquisition génère des conflits qui sont liés 

aux différences d’apparentement entre les membres d’une même famille. Le rang de naissance induit des 

disparités d’âge, de taille, de force physique, etc., qui conduisent les enfants à adopter des stratégies propres à 

leur position au sein de la fratrie, leur permettant d’accroître la quantité d’investissement reçu. Chez l’Homme, 

la diversité de ces stratégies se reflète dans les comportements. Notre étude a porté sur la tendance à être 

altruiste, qui est au cœur des débats sur l’évolution de la coopération. Nous avons entrepris de tester 

l’influence du rang de naissance sur cette variable. Différentes facettes de l’altruisme (punition, désir d’équité, 

confiance et réciprocité) ont été mesurées sur 417 étudiants montpelliérains en utilisant des questionnaires 

contenant des jeux d’économie expérimentale (jeu de l’Ultimatum, jeu du Dictateur, jeu de Confiance et jeu du 

dilemme du Prisonnier). Nous avons montré que le rang de naissance est le meilleur facteur proximal rendant 

compte, ici, de la variabilité interindividuelle du comportement altruiste, parmi de nombreuses variables 

contrôlées (sexe, âge, croyance, statut socio-économique…). Ces résultats suggèrent que le rang de naissance 

mérite d’être considéré dans les études expérimentales concernant le comportement altruiste ; en particulier 

lorsque les individus échantillonnés sont des étudiants, car les aînés sont en général surreprésentés dans les 
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universités. Cette étude démontre l’intérêt d’une approche interdisciplinaire (biologie, économie, psychologie 

évolutive). 

Article correspondant : 5. 

2004 Alexandra Alvergne (en codirection avec Michel Raymond). Composition des 

familles humaines : impact sur des traits physiologiques et psychologiques. 

Résumé : Nous avons étudié les effets de l’absence du père et de la présence d’un beau-père sur plusieurs 

traits développementaux (croissance, traits cognitifs et socio-psychologiques, stress, reproduction) sur deux 

populations françaises (des étudiants et des employés EDF). Nous avons montré que l’absence du père est 

associée à un avancement de l’âge des premières règles pour les filles, à des rapports sexuels plus précoces et 

plus nombreux pour les deux sexes. Par contre, aucun effet de l’absence du père sur le succès reproducteur 

(nombre d’enfants et de petits-enfants) n’a été mis en évidence. En outre, nous avons trouvé que la présence 

d’un beau-père amplifie ces effets, et a par ailleurs un impact négatif sur les résultats scolaires et l’estime de 

soi. 

Articles correspondants : 9 et 22. 

2002 Julie Dumant (en codirection avec Michel Raymond). La latéralité : étude des 

mains négatives et comparaison Homme-Chimpanzé. 

Résumé : La compréhension de l’asymétrie fonctionnelle du cerveau humain a des implications fondamentales. 

En particulier, le fait que la latéralité soit un caractère polymorphe est une énigme pour la biologie des 

populations et l’évolution. Elle intéresse donc les chercheurs depuis de nombreuses années. Plusieurs tentent 

d’élucider la question de son origine, d’autres s’interrogent sur la spécificité de l’espèce humaine, enfin 

certains cherchent à comprendre comment le polymorphisme s’est maintenu au cours de l’évolution. En ce qui 

concerne ce dernier point, les études archéologiques sont utiles pour estimer la proportion de gauchers dans le 

passé. Les mains négatives, datant du Paléolithique, peuvent être utilisées pour estimer la proportion de 

gauchers. Nous avons vérifié l’hypothèse selon laquelle un gaucher apposera préférentiellement sa main droite 

sur la paroi pour faire une main négative. A partir des corrélations que nous avons trouvées, et si l’on considère 

que les mains négatives étaient réalisées par un échantillon représentatif de la population, nous pouvons 

estimer la proportion de gauchers au Paléolithique : elle n’était pas très différente de celle d’aujourd’hui. Par 

ailleurs, afin de déterminer si la latéralité est un trait spécifiquement humain, les chercheurs ont étudié 

plusieurs espèces de primates, dont le Chimpanzé ; ils ont trouvé une latéralisation plus faible, et une absence 

de biais populationnel vers une dominance du côté droit. Cependant, peu d’expériences ont comparé les deux 

espèces suivant un protocole identique, avec des activités manuelles d’une même complexité. Nous avons 

donc adapté à l’Homme, le plus rigoureusement possible, certains protocoles utilisés chez le Chimpanzé. Nous 

nous sommes aperçus que dans de nombreux cas, les proportions de gauchers obtenues n’étaient pas 

significativement différentes, et que les proportions de gauchers chez l’Homme étaient bien supérieures à 

celles classiquement connues pour la main d’écriture. Ces résultats indiquent qu’au moins une partie des 

différences décrites entre Homme et Chimpanzé est liée à des problèmes méthodologiques. Cette étude 

apporte une contribution importante au débat sur l’origine et le maintien du polymorphisme de latéralité au 

cours de l’évolution humaine. 

Article correspondant : 18. 

Enseignements à l’Université Montpellier II 

2009-10 Cours et TD/TP (54 heures) en L1, en L2, en M1 et en M2. 

2008-09 Cours et TD/TP (57 heures) en L1, en L2, en M1 et en M2. 

2007-08 Cours et TD (9 heures) en M1 et en M2. 

2004-05 ATER : cours et TD/TP (96 heures) en DEUG, licence, maîtrise, DEA et 

préparation à l’Agrégation. 

2001-04 Monitorat : TD et TP (64 heures/an) en DEUG, licence, et maîtrise. 
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Les enseignements que j’ai donnés en L et en M1 ont porté essentiellement sur la 

génétique (mendélienne, quantitative, évolutive), la reproduction et le développement 

embryonnaire. En préparation CAPES et Agrégation j’ai fait quelques TD de génétique, et de 

nombreuses leçons sur des thématiques variées (comportement, socialité, neurologie, 

perception de l’environnement, sommeil, mémoire, communication, développement, 

vieillissement, adaptations, etc.). En M1 et en M2 j’ai enseigné la biologie évolutive, et en 

particulier l’évolution des comportements humains, sous forme de cours et de TD. Les deux 

choses que j’aime le plus dans l’enseignement, c’est chercher différentes manières 

d’expliquer la même chose jusqu’à aboutir à la compréhension, ce qui permet d’entrevoir la 

diversité des façons de réfléchir, propres à chaque personne, et les débats animés sur des 

questions de biologie évolutive avec des groupes d’étudiants curieux et passionnés, qui 

m’apportent de l’énergie et me rappellent que j’ai de la chance de faire un métier qui 

m’intéresse. 

Animation de la recherche 

Financement et responsabilités dans l’animation de programmes 

2010 Programme PEPS de l’INEE. Diversité des comportements coopératifs dans 

l’espèce humaine : rôle de la sélection sexuelle. 

2008 Bourse du département Biologie Evolutive et Ecologie de l’Université de 

Montpellier. Influence de l’environnement familial et de la sélection sexuelle sur 

les comportements coopératifs chez l’Homme. 

2006-09 Programme européen STREP (Sixth Framework Program). Evolution and 

Development of Cognitive, Behavioural and Neural Lateralization. 

2005-09 ANR Programme Blanc. Interactions génétiques et culturelles au sein de la famille 

humaine. 

2005 Bourse post-doctorale Marie Curie (Commission Européenne). Evolutionary and 

ecological causes and fitness consequences of dispersal strategies and 

cooperative breeding in pre-industrial people. 

2004 Bourse de recherche de l’Université de Turku (Finlande). Birth order and survival 

in a pre-industrial population. 

2002 Bourse de recherche de la Fondation Leakey (Anthropologie). 

Organisation de conférences internationales 

2011 Human Behaviour and Evolution Society (HBES), Montpellier. 

2008 European Human Behaviour and Evolution Society (EHBES), Montpellier. 

2003 Conférence Human Biology: an Evolutionary Perspective, Montpellier. 

Organisation de séminaires institutionnels 

2007-08 Séminaires mensuels "Conf’ISEM" 

2002-03 Séminaires hebdomadaires du laboratoire génétique et Environnement. 
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Diffusion de l’information scientifique vers des publics non spécialistes 

(liste non exhaustive) 

Conférences et discussions 

• Bar des Sciences, Montpellier, 14 mars 2007. "Sommes-nous des singes ?" 

• Conférence "Darwin et l’évolution" dans le cadre de l’Opération 80 Lycées, 80 Chercheurs, 

classe de Seconde, Lycée Joffre, Montpellier, 12 décembre 2008. 

• Conférence "Evolution de l’investissement paternel" dans le cadre de l’Année Darwin, classes 

de Terminale scientifique, Lycée Jean Monnet, Montpellier, 22 janvier 2009. 

• Animation CinéSciences, "1+1, Histoire du sexe", Salle Rabelais, Montpellier, 21 mars 2009. 

• Conférence "Darwin et l’évolution" dans le cadre de l’Opération 80 Lycées, 80 Chercheurs, 

classes de Terminale littéraire, Lycée Pompidou, Castelnau-le-Lez, 2 avril 2009. 

• Conférences "Darwin et l’évolution" dans le cadre de l’Opération 80 Lycées, 80 Chercheurs, 

classes de Terminale scientifique, Lycée Jean Mermoz, Montpellier, 20 novembre 2009. 

• Stands "Le cerveau social chez les Primates" et "L’élevage en crèche chez les lionnes" dans le 

cadre de l’Opération Darwin au Zoo, 13 et 17 mai 2009. 

• Encadrement de groupes de lycéens en Première (Lycée Joffre, Montpellier et Lycée Pierre 

Mendes France, Tunis) pour leurs Travaux Personnels Encadrés (TPE), 2009-2010. 

• Animation pour enfants sur l’évolution à la Maison départementale de l'environnement, 

Prades-le-Lez, 29 octobre 2009. 

• Conférences "Evolution du polymorphisme de latéralité manuelle dans les populations 

humaines" et "Biologie évolutive de la famille humaine : l'investissement paternel" à 

l’Université du Tiers Temps, Montpellier, 12 février et 29 mars 2010. 

Radio et télévision 

• "Les gauchers des cavernes", Radio Canada, janvier 2004. 

• "Left-handedness", BBC World, décembre 2004. 

• "Tout ce que vous avez toujours voulu savoir sur les gauchers", LCI, février 2009 

• "Les gauchers gagnent plus d'argent que les droitiers", Europe 1, février 2009. 

• "Tout ce que vous avez toujours voulu savoir sur les gauchers", France Bleu Hérault, Le 6h-9h 

de Philippe Moity, mars 2009. 

• "Les gauchers", France Inter, La tête au carré de Mathieu Vidard, mars 2009. 

Presse écrite 

• "Handed down from distant generations", New Scientist, octobre 2003. 

• "Left-handedness", Telegraph, octobre 2003. 

• "Ancient righties”, The New York Times, octobre 2003. 

• "Cave paintings”, The Daily Telegraph, octobre 2003. 

• "Lefties then and now”, Dallas News, octobre 2003. 

• "Left-handedness common in Ice Age", BBC News, février 2004. 

• "Stable hands”, Nature Australia, mars 2004. 

• "Les gauchers”, Marianne, décembre 2004. 

• "A sinister advantage”, The Economist, décembre 2004. 

• "Life is in your hands", Telegraph, décembre 2004. 

• "Why the ‘cack-handed’ have a good left hook", The Daily Telegraph, décembre 2004. 
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• "From stone age conflicts to modern sports", Cape Times, décembre 2004. 

• "Left-handers ‘better in fights’, BBC News, décembre 2004. 

• "Left-handers win in hand-to-hand combat", New Scientist, décembre 2004. 

• "Les gauchers s’imposent dans les sociétés violentes", Midi Libre, décembre 2004. 

• "Auquel de ses deux parents l'enfant ressemble-t-il le plus ?", Communiqué de presse CNRS, 

novembre 2006. 

• "Le portrait craché de sa mère peut devenir celui de son père", Libération, novembre 2006. 

• "Le nouveau-né ressemblerait plus à sa mère qu'à son père", Le Figaro, décembre 2006. 

• "Gauchers - droitiers : quelles différences ?", Humanité Dimanche, mars 2007. 

• "La revanche du gaucher combattant", Imprimatur, mars 2007. 

• "De l’avantage d’être gaucher", Journal du CNRS, décembre 2008. 

• "Les gauchers s’en sortent mieux", Gazette de Montpellier, janvier 2009. 

• "Lefties survive (barely) due to element of surprise?", National Geographic News, février 

2009. 

• "Tout ce que vous avez toujours voulu savoir sur les gauchers", Dépêche AFP, février 2009. 

• "Why righties and lefties? Scientists have hands full", Washington Post, mars 2009. 

• "Tête chercheuse", L’expansion, avril 2009. 

• "Les pères favorisent-ils les enfants qui leur ressemblent ?", Communiqué de Presse National 

CNRS, juin 2009. 

• "Tout le portrait de son père !", Le Point, juin 2009. 

• "Des pères très attentifs à leurs propres enfants", Le Point, juin 2009. 

• "Variations sur le thème de l’investissement parental", Journal du CNRS, juin 2009. 

• "S’occuper de ceux qui lui ressemblent", Pour la Science, août 2009. 

• "A la recherche de la ressemblance", Cerveau & Psycho, août 2009. 

• "Un air de famille", Le Quotidien du Médecin, septembre 2009. 

• "Testosterone can damage family life", New Scientist, septembre 2009. 

• "Dur dur d'être l'aîné", Le Monde Magazine, novembre 2009. 

• "Why your older brother didn’t share", Science, novembre 2009. 

• "Les aînés peu coopératifs", Journal du CNRS, novembre 2009. 

• "Trust firstborns to show their selfish side", New Scientist, décembre 2009. 

• "Pourquoi les aînés se montrent moins généreux", Midi Libre, janvier 2010. 
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Are parents' perceptions of offspring facial resemblance consistent with
actual resemblance? Effects on parental investment
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Abstract

Human fathers face paternity uncertainty and are expected to use cues of relatedness to adjust their investment. So far, the main cue
hypothesised to account for paternity assessment is facial phenotypic resemblance between a father and his child. However, previous studies
showing a discriminative paternal investment either relied on fathers' perceptions of resemblance (which differs from actual resemblance, as
perceived resemblance could be socially biased), or manipulated facial resemblance. In this study, we investigate in a real-life situation,
whether (1) the perception of child facial resemblance and (2) the likelihood of parental investment were predicted by actual facial
resemblance to self, for both parents. The actual facial resemblance of 79 French children was quantified by testing external judges. Data on
ascription of resemblance and parental investment were collected in private for each parent. First, ascription of facial resemblance was found
to be consistent between the two parents and to match actual resemblance to the father. Second, emotional closeness as reported by fathers,
but not by mothers, was found to be predicted by actual facial resemblance to self. This suggests that paternity uncertainty has favored the use
of facial phenotype matching in fathers.
© 2010 Elsevier Inc. All rights reserved.
Keywords: Human; Parental investment; Facial resemblance; Paternity uncertainty; Kin recognition; Ascription of resemblance
1. Introduction

In humans, the expression of paternal care influences
survival or quality of offspring (e.g., Flouri & Buchanan,
2003, 2004; Hurtado & Hill, 1992; Sear & Mace, 2008).
However, this important behaviour is costly for the father,
particularly in terms of lost mating opportunities with other
partners (Marlowe, 1999). In this context, evolutionary
theory predicts that paternal investment will be conditional,
based on the father's perception of paternity (Trivers,
1972). Cross-culturally, men invest more in their children
in populations where paternity confidence is high (Gaulin
& Schlegel, 1980). Furthermore, paternity confidence is not
independent from actual paternity and men with low
paternity confidence, voluntarily engaging in paternity
⁎ Corresponding author. Institut des Sciences de l'Evolution (UMR
5554), Université Montpellier II (C. C. 065), F-34095 Montpellier cedex 05,
France. Tel.: +33 4 67 14 46 32; fax: +33 4 67 14 36 22.

E-mail address: alexandra.alvergne@univ-montp2.fr (A. Alvergne).

1090-5138/$ – see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.evolhumbehav.2009.09.002
testing, are more likely to discover non-paternity (median
rate ∼30.2%) than are men with high paternity confidence
(median rate∼1.9 %; Anderson, 2006). These results
suggest that fathers should be able to use paternity cues
to direct their parental investment. These cues may be
indirect, for instance, using their perception of their mate's
fidelity based on social cues (Flinn, 1988). Cues can also
be more direct, using the phenotypic resemblance between
himself and his offspring (phenotype matching: Hauber &
Sherman, 2001; Lacy & Sherman, 1983). For instance,
fathers may use perceived facial similarity with their
children. Indeed, facial resemblance between individuals
(assessed by unfamiliar judges) has been shown to be a
good estimate of the probability that two individuals are
close genetic relatives (Alvergne, Faurie, & Raymond,
2007; Alvergne, Faurie, & Raymond, 2009; DeBruine
et al., 2009; Maloney & Dal Martello, 2006). If fathers do
rely on facial phenotype matching to assess the likelihood
that they are related to children, they are predicted both to
perceive a socially unbiased (i.e., actual) level of child

mailto:alexandra.alvergne@univ-montp2.fr
http://dx.doi.org/10.1016/j.evolhumbehav.2009.09.002
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phenotypic resemblance to themselves, and to adjust their
investment accordingly.

There is some evidence, in natural conditions, that
fathers' perception of child facial resemblance predicts
variation in paternal investment: when fathers who are no
longer in a relationship with the mother of their children are
asked about actual decisions of investment (how much they
would invest on a 1-7 scale), perceived facial resemblance
is a stronger predictor of investment than perceived fidelity
(Apicella & Marlowe, 2004, 2007). If this is the case,
however, one cannot rule out the alternative hypothesis that
fathers' perception of their child's phenotype is socially
influenced. For instance, in a study where children were
aged 15 on average, fathers' perception of resemblance may
have been modified by the long-term familiarity with the
child's face (Apicella & Marlowe, 2004). Children may also
come to resemble their fathers in traits other than static
facial resemblance (including facial movements and
expressions, voice, etc.) as a result of imitation mechan-
isms, which are at least partly independent of the biological
status of the father. It is also likely that perception of
resemblance by men is influenced by judgments from
others. Indeed, men's own ratings of resemblance are highly
correlated with what other people tell them, a phenomenon
referred to as the “social mirror” effect (Burch & Gallup,
2000). Moreover, belief in genetic relatedness has been
shown to increase perceived facial similarity between
parents and children, and interestingly, this effect is more
pronounced in men (Bressan & Dal Martello, 2002; Oda et
al., 2005). In this context, the possibility that fathers'
perception of facial similarities differs, at least partly, from
actual resemblance is conceivable.

Assessing whether fathers' perception of a child's
resemblance to self differ from actual resemblance due to
social influence is pivotal, as others do not necessarily share
the reproductive interests of the father. For instance, while
fathers benefit from adjusting their investment according to
their perception of paternity, mothers always benefit from
obtaining the maximum amount of paternal care for their
children, independent of the biological status of the father.
Interestingly, mothers' ascription of facial resemblance is not
based on actual resemblance when recorded in the presence
of the father: although newborns resemble their mothers
more than their fathers, mothers are more likely to ascribe
their newborn's resemblance to the social father (Alvergne et
al., 2007; McLain, Setters, Moulton, & Pratt, 2000). A
mother's tendency to preferentially ascribe a resemblance to
the father when the child actually resembles his or her
mother more (as determined by testing external judges) has
also been observed with older children (Alvergne et al.,
2007). It has been argued that mothers thus manipulate the
social father's perception of paternity in order to increase the
likelihood of substantial paternal investment and, in some
cases, to avoid the costs of revealing an infidelity (Daly &
Wilson, 1982; Regalski & Gaulin, 1993). Interestingly, when
fathers are questioned about their newborn children in the
presence of the mother, they tend to ascribe a resemblance to
themselves, contradicting their actual resemblance to the
child at that age (Alvergne et al., 2007). In previous studies,
however, ascription of child resemblance was recorded while
both parents were present, thus not controlling for possible
familial influence, and thus inhibiting a conclusion on their
true perception of resemblance. It is indeed not known
whether a similar pattern (i.e., ascription of resemblance by
parents not being predicted by actual resemblance) is
obtained when ascription is recorded separately for both
parents (i.e., true perception). When removing the social
pressure, ascription of resemblance may possibly be closer to
actual phenotypic resemblance, although this must be
investigated further.

The evolution of a mechanism allowing fathers to
discriminate among their children on the basis of direct
cues (phenotype matching) not only implies that fathers'
perception of resemblance reflects actual probability of
relatedness but also that paternal behaviour is modified
according to actual likelihood of paternity (approximated
using actual father-child resemblance). There is indirect
evidence that variation in father-child actual resemblance
predicts variation in paternal investment: when men are
asked about hypothetical adoption preferences, they pay
special attention to self-perceived cues of facial resemblance,
while mothers emphasise cuteness and health (Volk &
Quinsey, 2002; Volk, 2007). Similarly, some studies suggest
that when men are asked about hypothetical decisions of
investment, they favour children whose faces have been
morphed to resemble their own, while mothers do not
(Platek, Burch, Panyavin, Wasserman, & Gallup, 2002;
Platek et al., 2003). This result has, however, not been
replicated in other studies manipulating facial resemblance,
and either both men and women (DeBruine, 2004) or women
only (Bressan, Bertamini, Nalli, & Zanutto, 2008) were
found to adjust their hypothetical decisions of parental
investment on the basis of self facial resemblance. Note that
previous experimental studies used different stimuli (e.g.,
concerning the degree of facial resemblance between
children and participants, the manipulation of facial pictures)
and various questionnaires to assess paternal investment,
which makes these contrasting results difficult to interpret.
Nevertheless, the use of facial phenotype matching as a
response to paternity uncertainty is supported by neurocog-
nitive studies, showing that men and women differ in the
neural substrates that are activated when they see children
who resemble themselves; in men, the activated area is
potentially involved in the inhibition of negative responses
(Platek et al., 2004; Platek, Keenan, & Mohameds, 2005).
The previous empirical studies are intriguing, although this
question can be better answered by investigating real-life
conditions (true families), using objective and quantitative
measures of father-child phenotypic similarities. A recent
study in a rural polygynous population suggests that father-
child resemblance, either through the face or through the
body odour, is positively related to paternal investment
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(Alvergne et al., 2009). The generality of this finding in
different reproductive systems should thus be tested, along
with an important control, i.e., how does mother resemblance
affect mothers' decisions of investment. Indeed, mothers, as
compared to fathers, are not expected to use self facial
resemblance to adjust their decisions of investment, since
they do not have the problem of uncertainty of relatedness
with their children.

In the present study, we quantified the actual facial
resemblance of French children to both their fathers and
their mothers using unrelated and unfamiliar judges. Data
were collected from each parent separately and included
ascription of resemblance as well as paternal and maternal
investment. Making the assumption that father-child
resemblance is a cue used by fathers to assess their
paternity and adjust their investment accordingly, we
predict that (1) ascription of resemblance in the absence
of the other parent should match actual resemblance (2)
paternal investment, but not maternal investment, should be
positively linked to actual resemblance to self. Furthermore,
in an attempt to investigate some possible benefits of father
facial resemblance for children, the possibility of an
influence of paternal investment on children's body mass
index was explored.
2. Methods

2.1. Study population

Families were recruited in summer, 2006 from visitors
to an exhibition (entitled “Birth”) located in a museum
(“Musée de l'Homme”) in Paris. All participants were
Caucasian. Only biological children were included in the
sample. Thirty-seven families participated in the study
(each having from 1 to 5 children), leading to a total
sample of 79 children (39 boys and 40 girls) aged between
3 months and 22 years (mean±S.D.=6.6±5.1). The proto-
cols used for recruitment and data collection have received
the agreement of the French National Committee of
Information and Liberty, and informed consent was
obtained from all the subjects.

2.2. Questionnaires: parental investment and ascription of
facial resemblance

Both parents were asked to report the age, sex and birth
order of each child present during the interview and, if
measured during the last 2 months, the child's height and
weight. Although the validity of height and weight reported
by parents has not been assessed in this study, self-reported
and measured height and weight have previously been found
to be highly correlated, suggesting that the present data are
valid (Elgar et al., 2005). Each parent was then given a
questionnaire and asked to provide answers without any oral
communication with the other parent. There was no
opportunity for one parent to look at the other's question-
naire; this procedure was controlled by A. A. Each parent
was asked to give his or her birth date, monthly income
(divided into nine classes from less than 760 euros to more
than 3618 euros), number of children, and number of
working hours per week. To assess parental investment, each
parent was asked to report, for a non-working day, the
number of hours spent with each child (focusing on the
children present during the questionnaire). Additionally, for
families of more than one child, each parent was asked to
report the name of the child to whom he or she feels
emotionally closest, among all the children. Then, each
parent was asked to report whom each child present
resembles the most (0: the mother; 1: the father, 2: other).
Because of the low sample size for the category “other” (2%
from fathers, 0% from mothers), only the categories “the
mother” and “the father” were analysed. Body mass index
(BMI) was calculated [weight/(height)2 × 10 000] and then
subtracted from the optimal BMI-by-age obtained from the
French National Institute of Prevention and Education for
Health (http://www.inpes.sante.fr/) to create a new variable
describing deviation from optimal BMI. The variable
describing the birth order of children contained two levels
(first-born and later-born).

2.3. Quantification of facial resemblance between children
and parents

Participants were photographed in a frontal view from a
distance of approximately 1 m. All images were taken in the
same location, using the same digital camera (Canon EOS
20D) with the same general settings. Participants were asked
to look directly at the camera with a neutral expression.
Glasses, if worn, were removed before photographs were
taken. All photographs were processed using Adobe Photo-
shop 7 to normalise contrast and luminosity and to turn all
backgrounds black.

To assess father-child facial similarities, we used the
general procedure described in Alvergne et al. (2007).
Resemblance was assessed by asking judges to identify the
true parent among a set of three adults of the same sex. The
other two adults presented in addition to the true parent
were randomly selected among parents of children not
tested by a given judge. For each child, the resemblance to
the father and to the mother was evaluated independently by
the same judges. The judges were volunteers recruited in
public places in Montpellier, to prevent recognition of
people in the photographs (taken in Paris). We recorded the
judges' sex, age, number of children, and birth order.
Judges were unaware of the purpose of the study when
assessing resemblance. A computer program (written in
Delphi, version 7) was used to randomise and to assist each
part of the test. Each picture was seen by a given judge only
once, except those displaying children (viewed twice: in the
mothers' test and in the fathers' test). For each child, in a
given test, the judge's recognition score was recorded as 0
for failure or 1 for success. The expected proportion of

http://www.inpes.sante.fr/
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correct matches from all judges for one child varies between
1/3 (no resemblance) and 1 (perfect resemblance).

2.4. Statistical analysis

(a) Facial resemblance: to compare recognition rates to
those expected by chance for each parent, a general
linear mixed model (GLMM) was built to take into
account the structure of the data (Crawley, 2007). The
response variable (each judge's recognition score,
for each child) was modelled as binary. The 95% CIs
around the predicted value of the mean were then
compared to the rate expected by chance. The
variables characterising the judge and the child, as
well as the type of test (resemblance to mother or
father) and all the meaningful interactions, were
entered in the model as fixed effects. The identities
of the judges and children were fitted as cross random
effects to take into account the fact that one judge
assessed several children, and that one child was
evaluated by several judges. Models were not reduced
to avoid the number of false positives (Whittingham,
Stephens, Bradbury, & Freckleton, 2006). Following
Bates & Sarkar (2007), p values, and 95% CIs were
calculated using a sample generated after 10,000
simulations from the posterior distribution of the
parameters of the fitted model using Markov Chain
Monte Carlo (MCMC) methods (PMCMC).

(b) Parental ascription and actual facial resemblance:
Parental ascription of resemblance was fitted as a
binary response variable (resemblance to either the
mother or the father) and mixed effects models were
used to take into account the presence of several
children per family. First, all variables describing
father and child characteristics were entered into a
model as fixed effects to control for potential sources
of variation, but were not found to be significant
predictors of either maternal or paternal ascription of
resemblance. Secondly, a new model with a similar
random effects structure was built and included the
effects of interest, namely the actual resemblance
towards the mother and actual resemblance towards
the father, quantified as described in (a). This
procedure was used to maximise, given the sample
size, the available degrees of freedom when testing the
significance of the effects of interest. Actual resem-
blance variables were both entered concomitantly in
the same model to control for potential facial
assortative mating between parents. At each step of
the procedure, as in (a), models were not reduced to
avoid the number of false positives (Whittingham
et al., 2006), and the significance of the terms was
determined using MCMC methods (Bates & Sarkar,
2007).

(c) Parental investment and facial resemblance: The
investment of time spent with each child by either
mother or father was fitted as a continuous response
variable in a mixed effects model (GLMM taking into
account the presence of siblings in the sample). The
same procedure as described in (b) was used to
investigate the effects of explanatory variables (actual
resemblance towards each parent). Significance of
terms was evaluated using F tests.

(d) Parental closeness and facial resemblance: Parental
closeness, for each child, was fitted as a binary
response variable (0: the closest, 1: not the closest).
Binary mixed-effects models (GLMM taking into
account the presence of siblings in the sample) were
used, and two models were built, explaining either
paternal closeness or maternal closeness. The same
procedure as described in (b) was used and the
significance of the terms was determined using
MCMC methods.

(e) Deviation from optimal BMI and parental closeness:
Body Mass Index was fitted as a continuous response
variable, and a linear mixed effect model was used.
The same procedure as described in (b) was used and
the significance of terms was evaluated using F tests.
All statistical analyses were carried out with R
software (R.2.4.1, 2006).
3. Results

3.1. Facial resemblance

A total of 359 judges (120 men; 239 women), 14–79
years old, performed the test of facial recognition. Each child
was assessed by 45±12 judges (mean±SD). The detection
rates of father-child pairs (0.44) and mother-child pairs
(0.49) are significantly (PMCMC <0.001) above the rate
expected by chance (0.33). At a general level, the recognition
score is not influenced by the type of test (i.e., resemblance
to mother or father) (PMCMC=0.54) or by the sex of the judge
(PMCMC=0.21). It is also not associated with the judge's
number of children (PMCMC=0.39), the judge's birth order
(PMCMC=0.27) or the child's sex (PMCMC=0.69). However,
recognition scores decreased as the judge's age increased
(PMCMC <0.01). Scores also increased with the age of the
children, although this effect was marginally significant
(PMCMC=0.08). Finally, the interaction between the type of
test (resemblance to mother or father) and the sex of the child
was not significant (PMCMC=0.63), nor was the interaction
between the sex of the judge and the sex of the child
(PMCMC=0.84). However, the recognition rate of women
judges was higher than that of men judges when they
assessed a child's resemblance to the mother (predicted
means are 0.50 for women judges and 0.46 for men judges;
PMCMC=0.02). Using the recognition scores obtained from
all judges, the mean levels of paternal and maternal
resemblance were attributed to each child. For a given
child, the levels of paternal and maternal resemblance were



Fig. 1. Ascription of resemblance by parents and level of facial resemblance
to the father as detected by external judges. (A) Paternal ascription. (B)
Maternal ascription. Sample sizes and error bars (standard errors of the
mean) are indicated. The dashed line indicates the rate of parent-child pair
detection expected by chance (0.33). Both parents preferentially ascribe their
child's resemblance to the father when the child actually expresses a high
level of facial resemblance to the father.
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positively and significantly correlated (Kendall correlation:
τ=0.12 p=.05).

3.2. Ascription and facial resemblance

Mothers and fathers were consistent in their ascription of
facial resemblance [Pearson's Chi-squared test of indepen-
dence with Yates' continuity correction χ2=18, df=1,
p<.001; Phi coefficient (the degree of association between
two binary variables) φ=0.59]. Ascription of children's
resemblance by the father (to either the mother or himself)
did not vary with the child's age (PMCMC=0.87), the child's
sex (PMCMC=0.79), the interaction between sex and age
(PMCMC=0.68), the child's birth order (PMCMC=0.50), the
father's age (PMCMC=0.40), or the father's income
(PMCMC=0.98). It was significantly predicted by the level
of paternal resemblance as perceived by the judges
(PMCMC=0.02), but not by the level of maternal resemblance
(PMCMC=0.86). Similarly, maternal ascription of resemblance
(to either herself or the father) did not vary with the child's
age (PMCMC=0.21), the child's sex (PMCMC=0.14), the
interaction between sex and age (PMCMC=0.16), the child's
birth order (PMCMC=0.58), the mother's age (PMCMC=0.97),
or the mother's income (PMCMC=0.20). It was marginally
predicted by the level of paternal resemblance as perceived
by the judges (PMCMC=0.06), but not by the level of maternal
resemblance (PMCMC=0.27) (Table 1; Fig. 1). Ascription of
facial resemblance, either by the mother or by the father, was
predicted by actual facial resemblance to the father as assessed
by independent judges. However, it was not predicted by facial
resemblance to the mother.

3.3. Paternal care and facial resemblance to the father

3.3.1. Time spent with each child on a week-end day
In the first model, paternal investment in time spent with

the child was negatively linked to the father's age
(F1,35=5.71, p=.02), while it was positively correlated to
maternal time investment (F1,22=19.45, p<.001). However,
neither the father's income (F1,35=2.75, p=.10), number of
children (F1,35=0.57, p=.45), number of working hours
Table 1
Final models explaining ascriptions of resemblance (binary variable: 0 = to
the mother; 1 = to the father) by either mother (maternal ascription) or father
(paternal ascription) as a function of actual facial resemblance assessed by
external judges (explanatory variables)

Estimate Lower
95% CI

Upper
95% CI

PMCMC

Paternal Ascription
Intercept −1.7353 −3.7143 0.0228
Resemblance to father 3.7220 0.7835 7.2415 <0.05
Resemblance to mother 0.2351 −3.0266 2.6346 0.87
Maternal ascription
Intercept −0.2241 −2.0051 1.5461
Resemblance to father 2.8890 0.3043 6.589 0.06
Resemblance to mother −1.7539 −4.790 0.7970 0.20

Estimates and 95% CIs are indicated.
(F1,35=2.95, p<.09), the child's age (F1,22=1.38, p=.25), sex
(F1,22=0.49, p=.49) nor birth order (F1,22=0.56, p=.45)
predicted the time that fathers report spending with their
children. In the second model controlling for significant
effects (i.e., father's age and maternal time investment) and
for facial resemblance to the mother, facial resemblance to
the father did not predict variations in paternal time
investment (F1,23=1.77, p=.19) (Table 2).

3.3.2. Closeness
In the first model, emotional closeness between father

and child, as reported by fathers, was negatively related to
able 2
inal models explaining either paternal or maternal time investment as a
nction of paternal and maternal resemblance

Estimate S.E. t value Pr (N|t|)

aternal investment of time
Intercept 11.81 4.35 2.71
Maternal investment of time 0.46 0.09 5.14 <0.001
Father's age −0.14 0.10 −1.44 0.16
Resemblance to father −1.36 1.18 −1.15 0.26
Resemblance to mother −1.73 1.49 −1.15 0.26
aternal investment of time
Intercept 2.19 2.13 1.03
Child's age −0.21 0.03 −6.56 <.001
Child's birth order −0.56 0.23 −2.40 0.06
Paternal investment of time 0.51 0.08 6.16 <.001
Resemblance to father 0.89 0.68 1.34 0.20
Resemblance to mother −0.90 0.84 −1.06 0.30
T
F
fu

P

M



Fig. 2. Parental emotional closeness and facial resemblance of children. (A)
Paternal closeness and resemblance to the father. (B) Maternal closeness and
resemblance to the mother. Sample sizes and error bars (standard errors of
the mean) are indicated. The dashed line indicates the rate of parent-child
pair detection expected by chance (0.33). “High” closeness means that the
child is the parent's preferred child among his/her offspring, and “low”
closeness means that the child is not the parent's preferred child. Facial
resemblance to the father, as assessed by external judges, predicts paternal
closeness while facial resemblance to the mother is not related to maternal
closeness. n.s., nonsignificant (pN.05).
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closeness between mother and child, as reported by
mothers (PMCMC=0.03). Then, father-child closeness was
not explained by the child's age (PMCMC=0.80), the child's
sex (PMCMC=0.30), the father's age (PMCMC=0.08), or the
father's income (PMCMC=0.59). In the second model
controlling for previously significant effects (i.e., maternal
closeness) and facial resemblance to the mother, facial
resemblance to the father predicted variations in
closeness (PMCMC=0.04). Levels of emotional closeness
were higher for children who resemble their fathers the
most (Table 3; Fig. 2).

3.4. Maternal care and facial resemblance to the mother

3.4.1. Time
In the first model, maternal time investment was positively

linked with paternal time investment (F1,17=20.00, p<.001)
and negatively correlated with the child's age (F1,17=25.60,
p<.001). Moreover, maternal investment of time was lower
for later-born than for first-born children (F1,17=4.53,
p=.05). However, it was not correlated to the child's sex
(F1,17=0.09, p=.77), the mother's age (F1,21=0.60, p=.44),
the mother's income (F1,21=1.60, p=.21), the number of
children (F1,21=0.00, p=.99) or the mother's number of
working hours (F1,21=2.23, p=.15). In the second model
controlling for significant effects (paternal time investment,
child's age and birth-order category) and resemblance to
the father (F1,21=1.69, p=.20), resemblance to the mother
did not predict maternal time investment (F1,21=1.12,
p=.30) (Table 2).

3.4.2. Closeness
In the first model, emotional closeness between mother

and child, as reported by mothers, was not linked to either the
child's age (PMCMC=0.10) or the child's sex (PMCMC=0.12),
but it was negatively correlated with paternal closeness
(PMCMC=0.04). In the second model controlling for this
effect and for resemblance to the father (PMCMC=0.59), facial
resemblance to the mother did not predict variations in
maternal closeness (PMCMC=0.46) (Table 3).
Table 3
Final mixed models explaining either paternal or maternal emotional
closeness (binary variables) as a function of both paternal and maternal facial
resemblance

Estimate Lower
95% CI

Upper
95% CI

PMCMC

Paternal closeness
Intercept −9.9912 −37.9548 −5.9227
Resemblance to father 14.946 12.7194 46.4272 <0.05
Resemblance to mother 7.9015 −3.5108 48.8652 0.41
Maternal closeness −5.2649 −20.4944 −4.7508 0.14

Maternal closeness
Intercept −1.4675 −8.0095 1.7202
Resemblance to father 2.1431 −7.992 10.3231 0.60
Resemblance to mother 2.1621 −3.5013 8.7846 0.47
Paternal closeness −3.1514 −8.3980 −0.0611 0.08

95% CI and p values and are indicated.
3.5. Child physical condition and parental closeness

In the first model, deviations from optimal BMI are not
predicted by either the father's income (F1,23=2.23, p=.14),
the mother's income (F1,23=01.07, p=.31), the child's age
(F1,11=1.20, p=.30), the child sex (F1,11=0.24, p=.63) or the
interaction between age and sex (F1,11=1.21, p=.29). In the
second model testing the effects of interest, the deviation
from the optimal BMI was not found to be predicted by
parental closeness, whether it is reported by the father
(F1,7=2.64, p=.15) or the mother (F1,7=0.14, p=.71).
4. Discussion

4.1. Ascription of resemblance and true resemblance

As actual facial similarities between father and child
are predicted to influence paternal investment, a
father's perception of resemblance is expected to
match actual resemblance, unless there is some
manipulation by the mother.

Interestingly, both parents are consistent in their ascrip-
tion of resemblance, whatever the child's age or sex. This
result is in accordance with previous studies on newborns
wherein the ascription of resemblance was made, as in the
present study, independently by both parents (McLain et al.,
2000). Indeed, a contradiction between the mother's
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ascription of resemblance towards the father and actual
resemblance to the father was only observed when the
mother's ascription was made in the presence of the father
(Alvergne et al., 2007; McLain et al., 2000). Therefore, the
hypothesis that mothers ascribe the resemblance of their
children to the father to promote assurance of paternity was
not disproven by the present study, in which parents ascribed
resemblance separately.

Our study shows that, when the ascription of one parent
cannot be heard by the other, actual paternal resemblance is a
better predictor of both parents' ascriptions than actual
maternal resemblance. In other words, the more a child
resembles his/her father, the more the parents are likely to
state that he/she is more similar to the father than to the
mother. On the opposite, when the child's resemblance to
his/her father is weak, parents tend to state that he/she
resembles the mother the most. It is therefore the expression
of paternal traits that plays the largest role in determining
how both parents (separately) perceive global phenotypic
similarity. These results indicate that father-child phenotypic
similarities are of particular concern for both parents, while
mother-child similarities are less important. They suggest
that paternity uncertainty has acted as a selection pressure
favouring a bias in the detection of facial similarities towards
better detecting similarities with the father.

4.2. Child resemblance and parental investment

Different selective pressures act on maternal and paternal
investment as a result of paternity uncertainty: fathers are
expected to be sensitive to paternity cues and to preferen-
tially direct their investment towards genetically related
children, while mothers' strategies of investment are
predicted to be insensitive to such cues. In this study, we
investigated whether time investment and emotional close-
ness to the child were predicted by the level of facial
resemblance to self, for both parents.

We first found that fathers are more likely to feel the
highest emotional proximity to a child expressing a higher
degree of resemblance to self. Such a link was not observed
for mothers, a result which was expected since phenotype
matching is not associated with reproductive benefits from a
mother's point of view (i.e., mothers do not face the problem
of uncertainty of relatedness). These results are thus
consistent with the view that paternity uncertainty has
acted as a selective pressure on fathers favouring the use of
direct phenotypic cues (e.g., father-child facial similarities)
to assess their probability of paternity, and subsequently
adjust their resource allocation among their children. The
observed link between father-child resemblance and paternal
emotional closeness could also be interpreted in the opposite
direction, i.e., as a result of an influence of paternal closeness
on resemblance. This may occur through the process of
imitation of facial expressions, which could increase when
father-child interactions are more frequent. Such a mecha-
nism is, however, unlikely to explain our results, as facial
resemblance was assessed on neutral, static facial images.
Rather, our findings provide the first evidence in western
settings and in real families that paternal investment is
discriminative on the basis of actual facial resemblance (see
Alvergne et al., 2009 for a similar finding in a non-western
polygynous population).

Secondly, we found that time investment, another proxy
of parental investment, was not related to facial resemblance
for mothers or fathers. It could be that time investment as
reported by parents does not reflect actual individual
investment. Indeed, paternal and maternal time investments
are positively correlated, suggesting that this measure
reflects more the time spent “in family” than the time spent
by each parent with each child. It is also possible that parents
try (ideally or in reality) to provide equal time to each child,
independently of the emotional closeness that they feel.
Indeed, emotional closeness does not predict variation in
time investment for the father [analysis of variance
(ANOVA), F1,33=0.08, p=.77] or the mother (ANOVA,
F1,32=0.17, 32, p=.68).

Previous studies on discriminative paternal investment
relied only on fathers' perceptions of resemblance (Apicella
& Marlowe, 2004, 2007), which is potentially influenced by
social manipulation or self-deception in real life interactions
(Bressan & Dal Martello, 2002; Daly & Wilson, 1982).
Conversely, experimental studies based on photographic
morphing excluded any social manipulation of the percep-
tion of resemblance, potentially restricting the application of
their results to real familial situations (Platek et al., 2002,
2003, 2004). However, an obvious limitation of the present
study is the use of reports by fathers for measures of paternal
investment (both time spent with the child and emotional
closeness). Social desirability or social norms may thus
introduce a bias directed toward increasing the quantity of
reported investment and reducing the reported inequality
among children. However, this potential bias cannot account
for the significant associations between reported paternal
closeness and actual paternal resemblance, as assessed by
external judges.

Another potential concern is whether or not the judges'
estimates of similarity can be treated as comparable to the
fathers' estimates. More than half (66%) of the judges were
parents themselves. Additionally, when men are confronted
with self-facial resemblance tasks, activation of specific
regions of the brain involved in such tasks is observed even
in non-fathers, suggesting that sensitivity to facial resem-
blance is already present men, regardless of whether they are
fathers or not (Platek et al., 2004, 2005). However, if
external judges are nonetheless inferior detectors relative to
true fathers, using such judges to assess resemblance makes
these results conservative. One remaining question is the
means by which fathers become aware of their own facial
phenotypes, as mirrors are a recent innovation in human
societies. It is possible that a water reflection of the face is
sufficient for such learning. It is also possible that fathers
rely on what other kin tell them about actual resemblance
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(“social mirror” Burch & Gallup, 2000) or that they use the
phenotype of unambiguous relatives as “kin templates”
(Hauber & Sherman, 2001).

4.3. Paternal closeness and children's physical condition

For a child, facial resemblance to his or her father
strengthens paternal investment, at least as estimated by
emotional closeness that the father feels towards the child.
Does this translate into a better physical condition for the
child? We used the deviation from the optimum body mass
index by age as an indicator of a child's physical condition
and found no significant results. Additionally, the time
invested in a child by the mother or the father also does not
predict variations in the child's physical condition. It is
possible that, in industrialised societies, mothers can
compensate for a loss of paternal investment as they have
independent access to food resources (95% of women in our
sample are working), thus buffering some aspects of the
effect of paternal investment on child condition. Interesting-
ly, we found that maternal closeness was negatively
correlated with paternal closeness, suggesting that mothers
compensate for decreases in paternal investment. This agrees
with parental-investment theory for biparental species,
which generally predicts an inverse relationship between
the level of parental care provided by each parent and
compensation by one parent in response to reduced parental
care by the other (Trivers, 1972). There is now some
evidence that such a mechanism has evolved in birds
(reviewed in Sanz et al., 2001). However, to our knowledge,
the occurrence of maternal compensation has not been
documented in humans and deserves further study. Indeed,
maternal compensation may explain how costs associated
with a low paternal closeness could be reduced. Most
importantly, the absence of a link between paternal
investment and deviation from optimum BMI could also
result from a limited impact of paternal investment on child
growth in industrialised societies. In such societies, as
alimentary resources are generally not a common limiting
factor, it is likely that parental investment is not a crucial
factor in children's ability to attain an optimal BMI. A
similar study, conducted in rural Senegal where access to
nutritional resources is limited, showed a significant impact
of father investment on both BMI and another measure of
child nutritional status (Alvergne et al., 2009).

Fathers, however, are still likely to play a role in other
aspects of child development in industrialised societies. It is
worth noting that the absence of a father is associated with
changes in children's social and reproductive development
(Alvergne, Faurie & Raymond, 2008; Ellis, 2003; Pfiffner,
McBurnett, & Rathouz, 2001). The level of paternal
involvement predicts educational achievement (Flouri &
Buchanan, 2004), mental health in later life (Flouri &
Buchanan, 2003) and the level of respect for social norms
(Flouri & Buchanan, 2002). Therefore, through both their
presence and involvement, fathers have an important impact
on several aspects of child development. The effect of facial
resemblance to the father on such traits, particularly on social
traits, remains to be investigated.

4.4. Conclusion

Overall, this study indicates that the perception of
paternity by fathers, through father-child similarities, is
consistent with actual resemblance. Furthermore, phenotypic
similarities influence paternal emotional closeness, but not
maternal closeness. These results support the hypothesis that
paternity uncertainty has favoured the evolution of paternal
recognition mechanisms through phenotype matching in
humans. In turn, this implies that resemblance to the father
should be advantageous for children. This intriguing
possibility, though not confirmed for one physical measure
(BMI), deserves further studies, particularly on traits that are
susceptible to substantial influence by the father in a
given society.
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In species in which paternal care of offspring is important but paternity is uncertain, evolutionary theory
suggests that kin recognition mechanisms (e.g. phenotype matching) should evolve. Fathers are expected
to discriminate between their children and others’ on the basis of phenotypic similarities, and they
should allocate resources accordingly. However, studies showing that males assess paternity by
phenotype matching are rare. In a polygynous human population of rural Senegal, we examined the
relationships between (1) actual father–child resemblance through both the facial and the olfactory
phenotypes; (2) fathers’ investment of resources in each child; and (3) child nutritional condition. We
found that paternal investment was positively related to both face and odour similarities between fathers
and children. Additionally, such discriminative paternal investment was linked to the children’s health:
children who received more investment had better growth and nutritional status. This is the first
evidence that paternal investment is associated with father–child resemblance in real human families,
and, furthermore, that these discrepancies in paternal investment result in differences in fitness-related
traits in children.
� 2009 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Because of resource allocation trade-offs, males that provide
parental investment to their existing offspring do so at the cost of
investing in future reproduction (Trivers 1972; Clutton-Brock
1991). According to inclusive fitness theory, this costly behaviour is
expected to have been favoured only if it was preferentially
directed towards related offspring (Hamilton 1963). However, in
species where females mate with multiple partners, males are
generally uncertain about their paternity. Paternal investment
combined with paternity uncertainty challenges the importance of
kin selection. This challenge would nevertheless be resolved,
however, if recognition mechanisms that allow males to discrimi-
nate kin from nonkin had evolved. Indirect evidence that putative
fathers use cues of paternity to direct their investment is provided
by studies showing that males of many species adjust their paternal
effort according to the risk of cuckoldry (Dixon et al. 1994; Sheldon
& Ellegren 1998; Wright 1998; Sheldon 2002; Simmons 2002).
However, direct support for relatedness-based parental investment
decisions is rare, and, to our knowledge, only available in the
bluegill sunfish, Lepomis macrochirus, where males’ parental
investment depends on their paternity, which is assessed through
s de l’Evolution (UMR 5554),
llier cedex 05, France.
.fr (A. Alvergne).

dy of Animal Behaviour. Publishe
odours emanating from fry after eggs hatch (Neff & Gross 2001;
Neff & Sherman 2003, 2005).

The estimates of nonpaternity rates in humans range from 0.8%
to 30% depending on the population (Bellis & Baker 1990; Sasse
et al. 1994; Cerda-Flores et al. 1999; Bellis et al. 2005; Anderson
2006), with an average rate of 3.3% (Anderson 2006). Such pater-
nity uncertainty influences paternal investment: in a comparison of
135 human societies, the level of paternity confidence was posi-
tively associated with the level of paternal investment at the pop-
ulation level (Gaulin & Schlegel 1980). Paternity uncertainty
explains why alloparenting from the maternal lineage is higher
than from the paternal lineage (Euler & Weitzel 1996; Gaulin et al.
1997; McBurney et al. 2001).

There is some evidence that human fathers use cues directly
related to kinship to adjust their investment decisions. These cues
refer to the assessment of phenotypic similarities (i.e. phenotype
matching: Lacy & Sherman 1983; Hauber & Sherman 2001). For
instance, perceived facial resemblance to self is more important for
men than for women in hypothetical adoption decisions (Volk &
Quinsey 2002). Additionally, fathers’ perceptions of children’s
physical and psychological resemblance predict reported invest-
ment (Apicella & Marlowe 2004), as well as the self-reported
quality of the men’s relationships with their children (Burch &
Gallup 2000). However, reported paternal investment, which may
be influenced by social factors, may not translate into actual
investment. Similarly, perception of phenotypic similarities may
d by Elsevier Ltd. All rights reserved.
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not reflect actual resemblance but can instead be the result of social
learning through cohabitation or social manipulation by mothers.
Indeed, it has been shown that mothers preferentially ascribe
resemblance to the fathers, and a father’s perception of a child’s
resemblance is highly correlated with what other people have told
the father (Burch & Gallup 2000). Finally, empirical studies have
yielded mixed results. By manipulating pictures of faces, different
studies have shown that self-referent facial phenotype influences
either paternal but not maternal decisions of investment (Platek
et al. 2002, 2003), or maternal but not paternal decisions of
investment (Bressan et al., in press) or both (DeBruine 2004). The
assessment of investment varies widely among these studies, as do
the computational methods used to create artificial facial resem-
blance (i.e. the way pictures of adults are manipulated and mixed
with pictures of children to create artificial faces, as well as the
degree to which artificial faces resemble the adults to whom the
pictures are presented as stimuli). Although recent studies suggest
that individuals respond similarly to real and transformed faces
(Jones et al. 2004) and to faces transformed using different
methods (DeBruine et al. 2008), one may not exclude the possibility
that the various processes of picture mixing, creating artificial faces,
have introduced unforeseen biases. It is thus difficult to draw
a definitive conclusion based on these reports, and studies in
nonexperimental settings are warranted.

The possibility that paternal investment is discriminative
according to father–child phenotypic similarities has never been
investigated in natural conditions using measures of paternal
investment and phenotypic resemblance that are independent of
fathers’ reports. In addition, facial phenotype may not be the only
cue on which phenotype matching is based.

One interesting possibility is odour phenotype matching. Indi-
viduals of various taxa identify their kin through the assessment of
individual-specific odours, for example social insects (Greenberg
1979; Gamboa et al. 1986), fish (Neff & Sherman 2003, 2005), and
rodents (Holmes 1994; O’Riain & Jarvis 1997; Heth et al. 2003;
Mateo 2003). According to these studies, odour cues are used by
individuals to discriminate their kin from nonkin in the directions
predicted by inclusive fitness theory (i.e. nepotism, avoiding
inbreeding with kin). In humans, contrary to previous thought,
olfactory capacities are effective enough for odour cues to be used
in social recognition (Shepherd 2004). Studies have revealed that
human odour similarities inform kinship relationships indepen-
dently of shared environment (Weisfeld et al. 2003), and odour
cues are used in a mate choice context to avoid inbreeding
(Wedekind & Furi 1997; Weisfeld et al. 2003). In a mate choice
context, there is now increasing evidence in house mice, Mus
musculus, and humans that the assessment of relatedness through
the olfactory system is based on scents associated with the major
histocompatibility complex (MHC), a highly polymorphic gene
(reviewed in Penn & Potts 1999). In a parent–progeny recognition
context, the role of the MHC has been proven in mice (Yamazaki
et al. 2000), but such genetic data are not available for humans.
There is, none the less, some evidence that odour cues are involved
in the recognition of newborns by both mothers (Porter & Moore
1981; Porter & Cernoch 1983) and fathers (Porter et al. 1986; but see
Russel et al. 1983 for an exception). Moreover, paternal recognition
of children through odour cues may extend until adolescence
(Weisfeld et al. 2003). There is thus a possibility that human
putative fathers use odour cues (possibly informed by MHC simi-
larities) to assess their paternity and modulate their investment
accordingly.

Finally, whether father–offspring phenotypic similarities influ-
ence offspring fitness by affecting paternal investment has never
been directly tested in any species. In other words, if fathers
discriminate among their children on the basis of phenotypic
similarities, does this translate into developmental variation among
children of a given father?

This study investigated (1) the role of father–child phenotypic
resemblance in paternal investment allocation, using both visual
and olfactory cues, and (2) the relationship between paternal
investment allocation and child nutritional status. For the first time,
resemblance of children to their fathers and paternal investment
were simultaneously and quantitatively assessed in real families.
We used data collected from a rural and polygynous human pop-
ulation, where access to limited resources, such as alimentation,
education and medical care, largely depends on a father’s decisions
and behaviour. Consequently, we predicted that in such settings,
fathers may discriminate among their children on the basis of
phenotypic similarities and allocate resources accordingly.

METHODS

Study Population

The study was conducted in traditional villages located in the
Sine Saloum area of Senegal, on the west coast of Africa. The most
common ethnic groups in this area are the Sereer, the Wolof and
the Peuhl. The subsistence mode is mainly agriculture, especially of
cash crops such as peanuts and cashew nuts, but also of subsistence
crops, such as millet. The inheritance mode is patrilineal, and the
residence is patrilocal. Polygynous marriages are common, with
a maximum of four wives as permitted by the local interpretation of
Islam, which most people practise.

Participants, Demographic and Anthropometric Data

The protocols used to recruit families and to collect data were
approved by both the French National Committee of Information
and Liberty (CNIL) and the ethical committee of the Senegalese
National Research Council for Health, and informed consent was
obtained from all participants. Among villagers, all families with at
least two children aged 2–7 years were asked to take part in the
test. Participants were not paid, but gifts such as school or farming
equipment were given to the head of the village, who was in charge
of reallocating items among the villagers. Thirty families were
involved in the project (two children per family, excluding step- or
foster children, chosen among the youngest children present at the
time of interview), leading to a total sample of 60 children (32 boys:
X � SD ¼ 4:2� 1:4 years; 28 girls: 4.2 � 1.6 years). For each child,
information on his/her age, sex and birth order was collected.
Moreover, two indexes of child condition were measured: body
mass index (BMI) and mid-arm circumference (MAC; Visweswara &
Singh 1970). These indexes reflect different aspects of child
condition (growth and nutritional status, respectively; Visweswara
& Singh 1970).

In addition, the ages of both parents were collected, as well as,
for the father, number of wives, number of children, land posses-
sion and number of working hours per day.

Evaluation of Father–Child Phenotypic Resemblance

General procedure
We conducted two tests of father–offspring phenotypic resem-

blance, one of which was visual (test 1) and the other olfactory (test
2). The stimuli in test 1 were facial photographs, while the stimuli
in test 2 were T-shirts worn by father and offspring for 1 night each.
The two tests were conducted separately, involving different sets of
raters. To assess father–child resemblance, a given rater was pre-
sented with stimuli associated with several individuals at the same
time, namely, a child and several adult men (three men for visual
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cues and two men for olfactory cues), one of the men being the true
father (see Fig. 1 for an example of test 1). Fewer stimuli were
presented to a given rater for the odour to avoid a saturation effect
in the ability to perceive odours. A decreasing ability to perceive
odour similarity was indeed observed during a preliminary exper-
iment in this population.

For both tests 1 and 2, each rater was asked to identify the true
father of the child from the men presented. For each child, for
a given rater, the score in picking out the correct father was
recorded as zero for failure or one for success. For each child, the
expected percentage of correct matches from all raters varied
between the rate expected by chance (33% for the visual test and
50% for the odour test), which corresponds to no resemblance, and
the rate expected if all raters correctly identified the father (100%
for both tests), which corresponds to perfect resemblance. A total of
109 raters aged 15–60 years were asked to perform test 1 (57 men:
X � SD ¼ 23:7� 9:7 years; 52 women: 25.6 � 9.5 years). Three
hundred raters aged 15–70 years, different from those performing
test 1, performed test 2 (140 men: 29.5 � 15 years; 160 women:
28.5 � 11.2 years). The methods used to collect stimuli and to assess
father–child resemblance are further detailed below.

Detailed procedure
Test 1 (visual cues). To assess father–child facial similarities,
participants were photographed in a front view and at a distance of
about 1 m using the same digital camera (Canon EOS 20D) with the
same general settings. People were asked to maintain an expres-
sionless face and to look directly at the camera. All pictures were
taken outdoors and in the shade to avoid overexposure, and people
stood in the same place in each village. To homogenize luminosity
between pictures taken in different villages, photographic sessions
were performed only on sunny mornings. All photographs were
processed using Adobe Photoshop 7 to normalize the contrast and
the luminosity and also to turn all backgrounds to white. Note that
only backgrounds and external accessories such as earrings were
masked in white, while the hair, neck and ears were not.

A computer program (written in Delphi, version 7) was used to
randomize and to assist each part of the test (the order in which
children’s pictures were presented, the position of the pictures
depicting possible fathers, and the association between correct
fathers and ‘false’ fathers). Each picture was seen by a given rater
only once, to avoid a rater’s choice being influenced by a previous
Figure 1. Assessment of father–child facial similarities. Raters were asked to find the
correct father of a child among three possible men. The correct answer for this
example is the picture on the left.
choice. The raters were chosen from distant villages (2 h by cart, the
traditional and most common means of transport) so that they
would be unable to recognize people presented on photographs.
However, in a few cases (seven times out of 109 � 20 sets of four
pictures), a rater recognized an individual, and these data were
removed. Each rater was asked to identify the true father of a child
among three possible men by looking at facial pictures, and this
was repeated for 20 children from different families. Raters were
not given a time limit.

Test 2 (olfactory cues). To collect olfactory stimuli, participants were
asked to wear a T-shirt for 1 night. The T-shirts were new, white,
100% cotton and all identical except in size. They were stored in
transparent zipped plastic bags, on which participants’ identities
were indicated, and given to families. After wearing T-shirts for 1
night, people were asked to put the T-shirt back in the plastic bag
upon waking up. Each plastic bag was collected in the morning and
stored at the lowest temperature available (between 0 and 4 �C). In
this population, there is only one kind of soap for washing (clothes,
dishes or body), and alimentation is homogeneous between fami-
lies. Traditional meals are prepared in the same way by all women,
specific meals devoted to either lunches or dinner being identical
for the families studied. It is thus likely that the environment plays
a restricted role in this population, compared to previous studies in
occidental settings. It was not possible to ask people to change their
sleeping habits. However, the mother was asked with whom the
child had slept during that night, and there were no significant
differences in father–child odour resemblance between children
who slept in the same bed as their fathers and those who did not
(ANOVA: F1,48 ¼ 0.09, P ¼ 0.76). A computer program (written in
Delphi, version 7) was used to randomize each part of the experi-
ment, such as the order of presentation of T-shirts to raters and the
associations between correct and ‘false’ fathers. The program also
facilitated the double blind procedure when the transparent plastic
bags containing the T-shirts were put in larger black plastic bags
with new labels. These new labels were randomly assigned by the
computer program, and the relabelling was performed by
a research assistant, so the experimenter was blind to the correct
associations. To keep storage time equal among all T-shirts
(approximately 10 days at the end of the testing), they were all used
simultaneously in a given experimental session, during which all
children’s T-shirts were smelled once. To avoid odour saturation,
each rater was asked to identify, by smelling the T-shirts, the true
father among only two possible men for each child. Prior to the test,
raters were given a towel and asked to wipe their face to avoid
contamination. They were also given gloves to handle the T-shirts.
They were allowed to smell each T-shirt as long as they needed.
When all children had been tested once, the black plastic bags were
relabelled. All T-shirts were used by raters the same number of
times.

Quantification of Paternal Investment

Paternal investment was estimated through detailed reports
from both mother and father (mothers/fathers were interviewed in
private, in the absence of their spouses). The levels of direct and
indirect paternal investment (towards the child and towards the
mother, respectively), as well as the level of marital conflict, were
assessed. The level of marital conflict was taken as an inverse
measure of global paternal investment because the quality of the
marital relationship is strongly negatively related to the father–
child interaction quality (Parke et al. 2005). Before the survey, the
questionnaire was translated into the local languages and recorded
on a dictaphone. The basics of the local languages, to the extent
necessary to record the answers unambiguously, were known by
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the researcher. This procedure was used to conduct a private
conversation between the parent and the researcher, thereby
avoiding social biases associated with the presence of the locally
known guide. Data on direct fathers’ investment were collected
from mothers’ reports, whereas data on indirect fathers’ invest-
ment and marital conflict were collected through both mothers’
and fathers’ reports. The use of questionnaires may introduce bia-
ses caused by social desirability (e.g. people do not want to be seen
to give what they perceive to be a socially unacceptable answer),
which leads responses to accumulate in the middle of the proposed
scale. To minimize this social desirability bias, the scales used in
this study lacked midpoints (Garland 1991).

Direct fathers’ investment
Mothers were asked about the amount of time the father spent

per day with each of the two children involved in the study. In
practice, mothers described the previous day in detail, hour by
hour, stating whether the child was interacting with the father or
not. From this information, the number of hours that the fathers
had spent the previous day with each of their children was calcu-
lated. The mothers were asked about father–child relationships
using 10 questions focused on attachment, responsibility and
education (adapted from the Inventory of Father Involvement,
Hawkins et al. 2002). For each question, mothers could answer ‘yes’
(1 point) or ‘no’ (0 points), leading to a score between 0 and 10.

Indirect fathers’ investment
Mothers and fathers separately answered two questions:

whether the father supported the mother emotionally and whether
the father gave her money for the children. For each question, four
answers were possible: ‘not at all’ (1 point), ‘a little bit’ (2 points),
‘much’ (3 points), or ‘very much’ (4 points), leading to a general
score of fathers’ indirect investment between 2 and 8 for each
parental report.

Marital conflict
Both parents were specifically asked about the level of marital

conflict they experienced together (concerning money, jealousy,
education of children, drugs and time spent together). For each
conflict type, participants were able to choose between four
possible answers: ‘not at all’ (1 point), ‘a little bit’ (2 points), ‘much’
(3 points) or ‘very much’ (4 points), leading to a general score of
marital conflict between 5 and 20, for each parental report.

Statistical Analyses

Father–child phenotypic match
To compare actual recognition rates to those expected by

chance, general linear mixed models (GLMM) were used to account
for the structure of the data (repeated measures for both raters and
children in test 1 and children in test 2; Crawley 2007) and a GLMM
was built for each cue (odour and face). The response variable was
modelled as binary, and the model contained no fixed effects. The
95% confidence intervals around the predicted value of the mean
were then compared to the rate expected by chance. To investigate
the effects of the raters’ characteristics, the recognition scores were
analysed using a similar model on overall data. The type of test (face
recognition: test 1; odour recognition: test 2), the rater’s sex, the
child’s sex and all the corresponding interactions were fitted as
fixed effects. The identities of both the raters and the children were
fitted as cross-random effects to account for the fact that one rater
assessed several children (in the case of the facial recognition test)
and that one child was evaluated by several raters. Moreover, as the
same children were not assessed by the same number of raters in
the two matching tests (50 raters for test 1 and five raters for test 2),
an interaction term between the type of test (fixed effect) and the
identity of the child (random effect) was fitted to take into account
the different variability between children between the two tests.
Then, following Bates & Sarkar (2007), P values were calculated
using a sample generated after 10 000 simulations from the
posterior distribution of the parameters of the fitted model using
Markov Chain Monte Carlo (MCMC) methods (PMCMC).

Two indexes of resemblance to the father were built, one for
faces and one for odours. For each child, each index of resemblance
corresponds to the average score obtained by the raters in the
corresponding test.

Paternal investment index
We used a principal components analysis (PCA) to extract a single

factor termed ‘paternal investment index’, which reflects the father’s
inclination to invest in his offspring. The Kaiser–Meyer–Olkin index
KMO (Kaiser 1974), an index that measures the interrelation among the
six variables of paternal investment) was used to evaluate the perti-
nence of a PCA. For each variable associated with paternal investment,
a measure of sampling adequacy (MSA) was performed (where MSA
corresponds to the KMO for the correlation between individual vari-
ables). Variables were removed if the measure of sampling adequacy
was below 0.5, and this included the variables associated with the
mother’s report of both marital conflict and indirect paternal invest-
ment. The KMO measures of the four remaining variables were 0.58,
which is adequate for PCA analysis (Kaiser 1974).

Relations between father–child phenotypic resemblance, paternal
investment and child condition

In all the analyses described below, the following variables were
entered into the models to control for potential sources of varia-
tion: the father’s age, the father’s number of children, the father’s
land possessions, the child’s age, the child’s sex and the child’s birth
order. A full model containing these variables was first built, and
stepwise regression was not used. We avoided stepwise regression
to reduce a number of problems associated with this technique,
such as the inflation of type I errors that results from the large
number of tests or the bias in the estimation of parameters that
results from parameter inference (i.e. testing whether parameters
were significantly different from zero at each step of model selec-
tion; Whittingham et al. 2006). Therefore, the full model was not
reduced. Those variables that were significant in this full model, as
determined by F tests, were entered as confounding variables in
a second model specifically testing the effects of interest, namely
(1) odour resemblance and facial resemblance to the father in the
analysis of their effect on paternal investment, or (2) paternal
investment index in the analysis of its effect on either MAC or BMI.
The model was not reduced, and the significance of the terms was
determined using F tests. Then, normality, heteroscedasticity and
autocorrelation of residuals were verified.

The effects of father–child odour and facial resemblance on the
index of paternal investment were analysed together using
a generalized linear model (GLM). The response term (paternal
investment index) was fitted to a gamma error structure (as its
variance was found to be proportional to the square of its mean).
Father–child facial and odour resemblances were both considered
in the model as main fixed effects. Residuals of the final model were
normally distributed (Shapiro test: W ¼ 0.9, P ¼ 0.8), homosce-
dastic (Breusch–Pagan test: BP2 ¼ 3.1, P ¼ 0.2) and not autocorre-
lated (Durbin–Watson test: DW ¼ 1.58, P ¼ 0.06).

The effects of paternal investment index on the two indexes of
child condition were analysed using two separate linear models.
For both BMI and MAC analyses, the response term was fitted to
a normal error structure, and the paternal investment index was
fitted as the main fixed effect. Residuals of the final model
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explaining variation in MAC were normally distributed (Shapiro
test: W ¼ 0.9, P ¼ 0.8), homoscedastic (Breusch–Pagan test:
BP2 ¼ 0.94, P ¼ 0.62) and not autocorrelated (Durbin–Watson test:
DW ¼ 1.94, P ¼ 0.42). Similarly, residuals of the final model
explaining variation in BMI were normally distributed (Shapiro
test: W ¼ 0.97, P ¼ 0.52), homoscedastic (Breusch–Pagan test:
BP2 ¼ 1.40, P ¼ 0.49) and not autocorrelated (Durbin–Watson test:
DW ¼ 2.2, P ¼ 0.67). All statistical analyses were carried out with R
software version 2.4.1 (R Development Core Team, Vienna, Austria).

RESULTS

Resemblance Indexes

We found that unfamiliar raters were able to detect phenotypic
similarities between fathers and their children at a rate greater than
chance when looking at faces (prediction values of 0.47 � 0.02,
while the rate under chance expectancies would be 0.33), but not
when smelling odours (prediction values of 0.50 � 0.03, while the
rate under chance expectancies would be 0.50). However, we found
that the degree to which a child resembled his/her father through
odour similarities varied widely among children, with approxi-
mately 40% of children resembling their fathers more than expec-
ted by chance. Importantly, while men and women showed equal
performance at detecting facial similarities, women were less good
than men at detecting odour similarities (the average level of
correct assignments was ca. 0.58 for men and ca. 0.40 for women,
a significant difference: PMCMC ¼ 0.03). Therefore, for each child,
the index of odour resemblance was defined as the average score
obtained by male raters only, whereas the index of facial resem-
blance was the average score obtained by raters of both sexes.

These two indexes of resemblance to the father (faces and
odours) were positively correlated (Spearman rank correlation:
rS ¼ 0.28, N ¼ 53, P < 0.05; Fig. 2).

Paternal Investment and Paternity Cues

Both cues of phenotypic resemblance were positively related to
the value of the investment index (facial resemblance: F1,47 ¼4.2,
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Figure 2. Father–offspring facial and odour resemblance. The level of phenotypic
resemblance to the father as assessed by independent raters for each child (53 children
in total) is given for facial and odour cues.
P < 0.05; odour resemblance: F1,47 ¼ 7.11, P < 0.05), after we
controlled for the effect of father’s number of children (which was
negatively correlated with the amount of paternal care received by
each child: F1,40 ¼ 5.76, P < 0.05). Therefore, children who resem-
bled their fathers the most were also those who, on average,
received the most paternal investment (Fig. 3a, b). However, the
paternal investment index was not significantly associated with the
child’s age (F1,40 ¼ 0.51, P ¼ 0.43), the child’s sex (F1,40 ¼ 0.33,
P ¼ 0.56), the child’s birth order (F1,40 ¼ 1.53, P ¼ 0.93), the father’s
age (F1,40 ¼ 1.60, P ¼ 0.21), the father’s working hours per day
(F1,40 ¼ 1.05, P ¼ 0.31) or the father’s land possessions (F1,40 ¼ 0.55,
P ¼ 0.41). These results show that both facial and odour similarities
between fathers and children were positively related to the fathers’
investment of resources in their offspring.

Paternal Investment and Child Condition

Two indexes of child condition (MAC and BMI) were correlated
in the present sample (Spearman correlation: rS ¼ 0.49, N ¼ 38,
P < 0.001). First, there was a significant and positive effect of
paternal investment on MAC (F1,42 ¼ 9.32, P < 0.01; Fig. 4a), after
we controlled for the child’s age (which positively influenced the
MAC: F1,28 ¼ 10.38, P < 0.01). Children receiving the most paternal
investment had better nutritional status. MAC was not associated
with the child’s sex (F1,28 ¼ 0.71, P ¼ 0.40), the child’s birth order
(F1,28 ¼ 1.16, P ¼ 0.29), the father’s age (F1,28 ¼ 0.84, P ¼ 0.36), the
father’s number of children (F1,28 ¼ 0.03, P ¼ 0.86), the father’s
working hours per day (F1,28 ¼ 0.38, P ¼ 0.54) or the father’s land
possessions (F1,28 ¼ 1.69, P ¼ 0.20).

Second, paternal investment had a significant and positive effect
on the BMI (F1,39 ¼ 22.93, P < 0.001; Fig. 4b), after we controlled for
the father’s land possessions (F1,29 ¼ 4.15, P ¼ 0.05). Children
having the highest BMI were also those who received the most
paternal care. However, no significant effects on BMI were found
concerning the child’s sex (F1,29 ¼ 1.54, P ¼ 0.22), the child’s birth
order (F1,29 ¼ 0.19, P ¼ 0.66), the child’s age (F1,29 ¼ 1.15, P ¼ 0.29),
the father’s age (F1,29 ¼ 1.58, P ¼ 0.22), the father’s number of
children (F1,29 ¼ 1.70, P ¼ 0.20) or the father’s working hours per
day (F1,29 ¼ 2.84, P ¼ 0.10). Our results thus demonstrate that
discriminative paternal investment was positively linked to two
different and important fitness-related traits in offspring.

DISCUSSION

Across species where females may have multiple mates and
males provide paternal care, males face paternal uncertainty, so
they must take this into account when making investment deci-
sions in offspring (Krebs & Davies 1993; Ihara 2002). Kin selection
theory predicts that, in this context, fathers should estimate their
paternity using reliable indicators of relatedness. The use of indirect
cues, such as cohabitation (Lieberman et al. 2007), is not appro-
priate for paternal investment decisions because paternal invest-
ment is costly, and spatial cues are particularly unreliable for
estimating the probability of paternity. Males involved in paternal
care are thus expected to use more direct cues, such as phenotypic
similarities (i.e. phenotype matching; Hain & Neff 2007). Direct
evidence that males recognize their offspring through phenotype
matching is rare, however (see Neff & Gross 2001 for evidence in
the bluegill sunfish), and the effects of father–offspring resem-
blance on children’s fitness-related traits have not been quantified.
Here, we investigated father–child resemblance through both
visual and olfactory cues in a human rural polygynous population,
where access to limited resources mainly depends on male provi-
sioning, leading to high levels of competition among offspring for
paternal investment. As the raters used to assess resemblance did
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Figure 3. Paternal investment index and father–child phenotypic resemblance. The fitted relations between paternal investment and father–child resemblance are drawn (plain
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not know the families, our study avoided the effects of shared
experience (familiarity) on the assessment of phenotypic similari-
ties. We showed that paternal resemblance was significantly and
positively related to paternal investment for both cues, and
paternal investment was significantly and positively related to two
indexes of child condition (BMI and MAC).

The observed link between father–child phenotypic resem-
blance and paternal investment could be interpreted with the
opposite causal link, that is, as a result of the influence of paternal
investment on resemblance. In the case of facial resemblance, this
would be possible through the process of imitation, which is
possibly increased when father–child interactions are more
frequent. However, imitation is unlikely to explain our results
entirely, as facial resemblance was assessed on motionless images
of people presenting an expressionless face. Concerning olfactory
signals, similarities between a father and his offspring could result
from a nongenetic cause, such as odour contamination from inter-
actions between individuals, that is, time spent together. While
some contamination surely acts on odour resemblance between
a father and his offspring, its effect is probably weak. Previous
studies have indeed revealed that odour similarities between kin
may be inferred independently of shared environment (Weisfeld
et al. 2003). Furthermore, our study showed that a given child did
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not express a higher odour resemblance to his/her father after
spending the night in the same bed, compared to children who slept
apart from their fathers. None the less, the nature of odour simi-
larities resulting from nongenetic causes and their influence on
discriminative paternal investment should be further explored. Is
this a by-product of increased paternal investment at first influ-
enced by genetic similarities? What is the relative influence of
genetic similarities on odour similarities involved in discriminative
paternal investment? Addressing these questions will give insight
into the adaptive nature of the use of olfactory similarities in the
context of paternity uncertainty and paternal investment.

Another interpretation of the correlation between phenotypic
similarities and discriminative paternal investment is that highly
investing fathers are also those who generally have strong resem-
blances to their children, without any causal link. If this were true,
the level of resemblance to the father would be more similar
between siblings than between nonrelated children. Rather, our
results suggest that fathers did adjust the amount of paternal care
that they provided to their children as a function of phenotypic
similarities. Indeed, the variability in the level of father–child
resemblance was similar between and within families (the scaled
percentage of variation of resemblance was 17% between families
and 23% within families).
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One can argue that some fathers may not be the genetic fathers
in the tested sample, a possibility that cannot be tested without
DNA paternity testing. If we adjust for some amount of extrapair
children, then the level of father–offspring resemblance, as detec-
ted by the raters, is lower than expected, which would make our
results conservative. Moreover, given the mean rate of nonpaternity
worldwide (ca. 3.3%, Anderson 2006) and the small size of the
studied villages, it is likely that the nonpaternity rate is low in this
sample.

In this study, although we sampled two children per family,
we did not have the ability to investigate the link between the
variation within families in the degree of resemblance and in
the level of investment. This is due to a low variability in
paternal investment, as reported by the mother within families
(less than 1%, whereas variability between families was 29%).
This could be because fathers allocate their resources equally
among all their children, whatever their characteristics.
Although studies on differential investment among children of
the same father based on resemblance are currently lacking,
differential investment based on either sex or birth order is
frequently observed in human societies (e.g. Mace 1996; Draper
& Hames 2000; Beise & Voland 2002; Bereczkei & Dunbar 2002;
Hertwig et al. 2002). The absence of any variation in paternal
investment in our study sample may thus suggest that differ-
ences in the level of paternal investment received by two chil-
dren of the same family were underreported by the mothers
because of social norms, cultural beliefs and/or social desir-
ability. This underreporting could be resolved by the use of an
objective measure of paternal investment, based on observa-
tions instead of mothers’ reports, as well as specific data on both
how resources are allocated from fathers to offspring and the
extent to which mothers can compensate for loss of paternal
investment. Such an approach would be capable of revealing the
variability of paternal investment and therefore allow the
investigation of within-family effects.

Differential investment among a father’s children on the basis of
phenotypic similarities could be maladaptive, from the father’s
point of view, in cases where he is equally related to all of his
children (although investment in equally related offspring need not
necessarily be equal to be adaptive). In the context of female infi-
delity, however, the probability of paternity can vary among his
children (Westneat & Sherman 1993). For each child, fathers must
balance the risk of investing resources in an unrelated child with
the risk of not providing care to a related child. The evolution of
distinctive paternal signatures in response to paternity uncertainty
has previously been modelled, and the more realistic model finds
that the optimal strategy for both fathers and offspring is one in
which the child’s phenotype reveals the paternity (Johnstone
1997).

One might wonder whether external raters and fathers are
equally good at detecting phenotypic similarities. First, more than
half of the raters in this study were themselves parents (57%).
Additionally, the activation of specific brain areas in men, when
confronted with self-facial resemblance, has been observed in
a sample of young men who were likely to be nonfathers (under-
graduate students), suggesting that the sensitivity to facial resem-
blance is already present before fatherhood (Platek et al. 2004,
2005). If nonparents are nevertheless poorer detectors than
parents, the use of a mixed sample of raters (parents and non-
parents) makes our resemblance results conservative.

One remaining question concerns the methods by which
fathers know their own facial phenotype, since mirrors are
a recent innovation. It is possible that water reflection of the face,
used as a mirror in the ancestral environment, is sufficient for
such learning. It is also possible that fathers rely on what their kin
tell them about actual resemblance (‘social mirror’; Burch & Gal-
lup 2000) or that they use the phenotype of relatives known
unambiguously as ‘kin template’. Much less is known about
olfactory cues. Whether men know their own odours is ques-
tionable, as young men are apparently unable to detect their own
axillaries’ secretion when presented with five possible choices,
while young women detect their own odour accurately (Platek
et al. 2001). However, Platek et al. (2002) have shown that an
inability to self-recognize morphed faces consciously does not
prevent the observation of investment decisions based on self-
facial resemblance. Thus, the possible absence of self-odour
recognition does not contradict the interpretation of our results,
which suggest that men are able to detect odour similarities
between themselves and their children and adjust investment
decisions accordingly.

The proximate signals of relatedness associated with facial
and olfactory phenotypes remain to be elucidated. For the face,
signals of relatedness seem to be located mainly in the upper
half, since masking this area decreases the recognition rate of
siblings by unrelated raters by 65% (Dal Martello & Maloney
2006), whereas masking the lower half decreases recognition by
only 5.3%. For the odour, signals of relatedness may be mediated
by chemosignals associated with the MHC. The MHC phenotype
is a likely candidate for father–child odour resemblance, as it is
involved both in parent–progeny recognition in mice (Yamazaki
et al. 2000) and in mate choice in humans (Wedekind & Furi
1997).

The observed link between paternal investment and child
condition may result from greater access to food resources, which
are mainly controlled by men in this population. If mothers were
not observed to be biased in their food allocation among their
children, an unequal food repartition may nevertheless result from
male behaviour. We often observed fathers collecting ‘little things’
for their children, such as fruits, cookies and other edibles,
throughout the day. Also, when fathers came back home for a meal,
some children who had eaten earlier (generally one or two per
family) often ate a second time on their fathers’ laps. Moreover, the
likelihood that fathers buy or provide food to a particular child is
probably associated with the time spent with each child. In this
study, the time fathers spent with each child was the variable
accounting for most of the variability of the paternal investment
index. The link between paternal investment and child condition
was still significant when the father’s social status, reflecting access
to resources, was taken into account. Thus, resembling their father
benefits the nutritional condition of children, possibly through
increased time spent with their father, which leads to increased
access to food resources.

This study provides the first evidence in humans that paternal
investment is predicted by father–child phenotypic similarities, as
detected by the human brain independently of social manipulation,
through both the face and the odour. Furthermore, this investment
positively influenced the condition of the child. These findings have
important implications for illuminating the evolution of paternal
investment and paternity cues in response to paternity uncertainty.
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Humans use facial comparisons to identify their relatives and adjust their behavior accordingly. However, the mechanisms
underlying the assessment of facial similarities are poorly known. Here, we investigate the role of exposure to particular
faces for the detection of facial similarities by asking judges to detect parent–child pairs using faces from different origins. In
a first phase, French and Senegalese judges assessed facial resemblance in French and Senegalese families. In a second
phase, Senegalese judges who had immigrated to France, as well as French and Senegalese stationary judges, were
asked to rate a second set of Senegalese and French families. The judges showed no differences in their ability to detect
parent–child pairs in French and Senegalese families in both the first and second phases. For judges who changed their
country of residence, the answer time and duration of stay in the new country were not associated with correct assignment
rates. Our results suggest that exposure has a limited role in the ability to process facial resemblance in others, which
contrasts with facial recognition processing. We also discuss whether processing facial similarities is a by-product of the
facial recognition system or an evolved ability to assess kinship relationships.
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Introduction

Evidence that individuals recognize their kin and
regulate their behavior accordingly has been documented
in a variety of social species including insects, birds,
fishes, mammals, and primates (reviewed in Chapais &
Berman, 2004; Hepper, 1991; Holmes & Sherman, 1983).
The ability to recognize kin can be extended to third party
relationships, that is, relatedness among other individuals.
Monkeys, for instance, are able to categorize kinships
among others (in baboons, Bergman, Beehner, Cheney, &
Seyfarth, 2003; in vervet monkeys, Cheney & Seyfarth,
1980; and in java monkeys, Dasser, 1988). This capacity
could be a by-product of the selective pressure to detect
one’s own kin. However, it could also result from

selection acting directly on the recognition of kinship
relationships among other individuals. This capacity may
have evolved in social species: when alliances are
common, it could be beneficial to detect the relatedness
among other individuals to predict alliances (Cheney &
Seyfarth, 2004). For example, individual macaques recruit
allies that are not related to their opponent during
agonistic interactions (Schino, Tiddi, & Di Sorrentino,
2006). In most human societies, political structures have
been dominated by coalitions of related males (fraternal
kinship groups), and the ability to identify third party
relationships would have been critical for individuals to
choose allies (Rodseth & Wrangham, 2004).
This capacity to identify relatedness among individuals

may rely on environmental or phenotypic cues. The
environmental cues could be the familiar other’s peri-
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natal association with the individual’s biological mother
and the duration of coresidence (i.e., shared experience;
Lieberman, Tooby, & Cosmides, 2007), or the rate of
association between individuals (i.e., associative learning,
Hepper, 1991). These mechanisms, however, require that
environmental cues are reliable indicators of relatedness,
which is not always the case (such as when illegitimate
children are frequent). Thus, in this context, individuals
may rather rely on phenotypic cues, which are produced
directly by the individuals. The recognition of kin may
then be achieved through phenotype matching, a
mechanism by which a target phenotype is compared
to a “template” phenotype (Hauber & Sherman, 2001;
Hepper, 1991; Lacy & Sherman, 1983). This “template”
phenotype may refer to those of its familiar kin or its own
phenotype (i.e., the “armpit effect,” Mateo & Johnston,
2000).
A large body of evidence suggests that humans use

facial resemblance as a relatedness cue and subsequently
adjust their behavior. Individuals exhibit more trust
(DeBruine, 2002, 2004, 2005; Platek, Krill, & Wilson,
2009; Platek & Thomson, 2007), altruism (DeBruine,
Jones, Little, & Perrett, 2008), and decisions of paternal
investment toward self-resembling faces (Alvergne, Faurie,
& Raymond, in press; Apicella & Marlowe, 2004; Platek et
al., 2003, 2004, 2005; Volk & Quinsey, 2002). In addition,
facial resemblance to self decreases the attractiveness of
the opposite sex (DeBruine, 2005), which reinforces the
idea that perception of facial resemblance is associated with
behavioral decisions pertinent to kin selection, kinship
detection allowing inbreeding avoidance or adjustment of
pro-social behaviors. Interestingly, there is some recent
evidence that kin detection is performed using self-referent
phenotype matching (Bressan & Zucchi, 2009; Platek &
Kemp, 2009). For instance, self-resembling faces activate
similar neural substrates than actual kin faces (Platek &
Kemp, 2009). Overall, there is converging evidence that
humans possess evolved cognitive abilities to differentiate
kin from non-kin on the basis of facial resemblance, using a
particular combination of existing neurocomputational
architecture (Platek & Kemp, 2009; Platek et al., 2008,
2009).
Humans are also able to use facial resemblance to detect

kinship relationships among other individuals. People
asked to assess facial pictures of unfamiliar individuals
are able to detect resemblance between children and
parents (reviewed in Alvergne, Faurie, & Raymond, 2007;
but see also Alvergne et al., in press) and also among
siblings, whether the stimuli depict child faces (Maloney
& Dal Martello, 2006) or adult faces (DeBruine et al.,
2009). Interestingly, external judgments about facial
resemblance (i.e., “social mirror”) are potentially used
by individuals when making behavioral decisions. For
instance, the frequency of spouse and child abuse
perpetrated by men is negatively related to how often

others have told them that the children looked like them
(Burch & Gallup, 2000). The cognitive processes asso-
ciated with the detection of facial resemblance among
others have, however, received little attention to date. In
particular, it is not known whether this ability is a by-
product of facial recognition as such or if it rather implies
different cognitive abilities.
There is now good evidence that facial recognition

operates early in life, with infants showing an innate face-
oriented cognitive mechanism (Farroni et al., 2005;
Johnson, Dziurawiec, Ellis, & Morton, 1991). Facial
recognition is not, however, species-specific until 6 months
of age, after which infants cannot discriminate between
other primates’ faces (Pascalis, de Haan, & Nelson, 2002).
This phenomenon, called “perceptual narrowing,” is
perhaps the result of the cortical specialization that occurs
with exposure to faces (Nelson, 2001). The importance of
exposure for recognizing faces is further supported by a
large number of studies showing an “other-race effect,”
which is defined as a greater capacity to recognize faces
of one’s own cultural group as compared to faces from
other cultural groups (reviewed in Meissner & Brigham,
2001). However, between 3 and 9 years of age, this effect
may be reversible when children are exposed to new types
of faces (Sangrigoli, Pallier, Argenti, Ventureyra, & de
Schonen, 2005). It is thus widely thought that facial
recognition of individuals is specialized in adulthood, and
increased expertise in facial processing is assumed to
increase the ability to process relational information
between facial features (such as nose, mouth, and eyes);
this cognitive ability is referred to as configural processing
(see Farah, Wilson, Drain, & Tanaka, 1998).
However, the effect of exposure to particular types of

faces on the ability to detect kinship in other individuals’
relationships is currently unknown. It is possible that the
processing of facial similarities is simply a by-product of
facial recognition and, thus, also highly sensitive to
exposure. However, it could also be an independent
mechanism utilizing distinct facial information. Some
studies have shown that humans are able to detect facial
resemblance between kin in chimpanzees, gorillas, and
mandrills (Alvergne et al., 2009; Vokey, Rendall, Tangen,
Parr, & de Waal, 2004), which suggests that exposure is
not the only determinant of the kinship detection
capacity.
In this study, we investigated whether the detection of

facial similarities among unfamiliar pairs of parents and
children is associated with an “other-race effect.” Individ-
uals born and still living in a given country (France and
Senegal) were asked to infer kinship among faces from
their own country or from the other country. Additionally,
we compared Senegalese judges who had changed their
country of residence with people who had stayed in their
natal country to evaluate whether or not kinship detection
capacity depends on exposure.
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Methods

Facial pictures (mothers, fathers, and
children)

Pictures of families (mothers, fathers, and children)
from France (two sets, F1 and F2; NF1 = 34, NF2 = 17) and
Senegal (two samples, S1 and S2, NS1 = 39, NS2 = 24)
were either obtained from previous studies (F1) or taken
specifically for the purpose of this study (other samples;
see Table 1 for details on child age, sex repartition, and
origin of pictures for each sample). Note that the actual
paternity was not controlled (DNA data are not available)
thus introducing a possible noise for the assessment of
paternal resemblance. Nevertheless, the proportion of
illegitimate children in our samples is likely to be very
low (the median rate of non-paternity worldwide is
È3.9%; Anderson, 2006).
For each sample, color pictures were taken in a front

view of the person at a distance of approximately 1 m
using a digital camera (Canon EOS 20D); the same
general settings were used for all photos. Subjects were
asked to express a neutral face and look directly at the
camera. All photographs were processed using Adobe
Photoshop 7 to normalize the contrast and luminosity and
to turn all backgrounds into white (Senegalese pictures) or
black (French pictures). All families participated in the
study on a voluntary basis and gave their consent after
being informed about the general research project. The
study received the approval of both the French National
Committee of Information and Liberty (CNIL) and the
Senegalese National Council of Health and Research.

Facial resemblance assessment

To assess parent–child facial similarities, the general
procedure described in Alvergne et al. (2007) was used.
Resemblance was assessed by asking judges to identify
the true parent among a set of three adults of the same sex
(Figure 1). The other two adults presented, in addition to
the true parent, were randomly selected among parents of
children who were not examined by a given judge. For
each child, the resemblance to the father and the mother

was evaluated independently by the same judges. The
judges were volunteers who did not know the families
presented in the photographs. The judges’ sex, age,
number of children, and birth order were recorded. Judges
were unaware of the purpose of the study when assessing
resemblance. A computer program (written in Delphi,
version 7) was used to randomize and assist each part of
the test. Each picture was seen by a given judge only
once, except those displaying children (viewed both in the
mothers’ test and the fathers’ test). For each child in a
given test, the judge’s score was recorded as 0 for failure
or 1 for success. The expected proportion of correct
matches from all judges for one child varies between 1/3
(no resemblance) and 1 (perfect resemblance).
The study was divided into two phases. In the first part

(Phase 1), judges from France and Senegal were asked to
rate the resemblance of children to both their mothers and

Sample name Source

Sample size Child age (years)

Total Girls Boys Min–Max Mean T SD

F1 Alvergne et al. (2007) 34 18 14 2–6 3.9 T 2.3
S1 Present study 39 18 21 2–6 4.0 T 1.2
F2 Present study 17 8 9 4–6 5.1 T 0.6
S2 Present study 24 14 10 4–6 5.1 T 0.7

Table 1. Sample size, age, and sex of children according to their cultural group. F1: French families tested in Phase 1; S1: Senegalese
families tested in Phase 1; F2: French families tested in Phase 2; and S2: Senegalese families tested in Phase 2.

Figure 1. Example of facial recognition test using pictures of
mother–child pairs from Senegalese families. Judges from both
France and Senegal were asked to (1) look at the face of the child
presented below and to (2) choose which picture was most likely
to portray its mother among the pictures proposed above. The
order of children, the position of correct mothers, as well as the
choice of false mothers were randomized. Each picture was seen
only once by a given judge. Here, the correct choice is the middle
picture.
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their fathers (in a randomized order) in the F1 and S1
samples. In the second part (Phase 2), we used new judges
from France and Senegal, as well as Senegalese judges
living in France (residents for 5.1 T 3.4 years; recruited in
Montpellier). They were asked to rate the resemblance of
children to their mothers in samples F2 and S2.
The judges were told to spend as much time as they

needed to look at the pictures. In Phase 2, the answer time
was recorded for each assessment to control for potential
effects of the time spent looking at faces on the accuracy
of the detection. The judges were asked to rate the
resemblance for one sample only (either F1 or S1 for
Phase 1, and either F2 or S2 in Phase 2). Details of the
judges’ composition (sample size, age, and sex) are shown
in Table 2.

Statistical analysis

To compare recognition rates to those expected by
chance for each parent, a general linear mixed model
(GLMM) with cross random effects was built to take into
account the structure of the data (Crawley, 2007), where
one judge assessed several children and one child was
evaluated by several judges. The response variable (each
judge’s score for each child) was modeled as binary. The
95% confidence intervals around the predicted value of
the mean were then compared to the rate expected by
chance.
Next, a mixed model was built for each cultural group

of the judges to investigate the effect of the cultural origin
of the tested faces on the facial detection of kin. The
models include the variables associated with the judge, the
child characteristics (age, sex), and the sex of the tested
parent (for Phase 1). The models also incorporated all
meaningful interactions, which were entered into the
model as fixed effects to control for potential sources of
variations. Variables with significant effect in this full
model were used as confounding variables in a second
model, which was specifically designed to test the effects of
family cultural group (and, in Phase 2, the effect of answer
time). The model was not reduced to avoid false positives

(Whittingham, Stephens, Bradbury, & Freckleton, 2006).
Then, according to Bates and Sarkar (2007), P-values
were computed using a sample generated after 10,000
simulations from the posterior distribution of the param-
eters of the fitted model, using Markov Chain Monte
Carlo (MCMC) methods.

Results

Facial resemblance assessment

For French judges, the detection rates of French
families (0.53) and Senegalese families (0.53) were
significantly (PMCMC G 0.001) above the rate expected
by chance (0.33). Similarly, for Senegalese judges, the
detection rates of French families (0.45) and Senegalese
families (0.46) were significantly (PMCMC G 0.001) above
the rate expected by chance (0.33). Overall, both the
French and Senegalese judges were able to recognize
parent–child pairs through facial pictures in families
belonging to their own cultural groups, as well as in
families from different origins.

Effect of the cultural origin of the families
tested

The scores obtained by French judges were not
associated with the age of the judge (P = 0.22), the age
of the child (P = 0.96), the sex of the judge (P = 0.10), the
interaction between the sex of the judge and the sex of
the child (P = 0.44), or the interaction between the sex of
the parent and the sex of the judge (P = 0.77). However,
the French judges’ scores were related to the interaction
between the sex of the child and the sex of the parent (P G
0.001).
Similarly, the scores of the Senegalese judges were

not related to the age of the child (P = 0.66), the age of
the judge (P = 0.13), the sex of the judge (P = 0.25), the

Judges’ cultural group Total Men Women Age min–max, mean T SD Mean number of judges T SD per child

Phase 1 F1 S1
French 170 91 79 13–76, 29.0 T 12.6 53.0 T 1.8 45.6 T 8.2
Senegalese 192 75 117 14–70, 29.4 T 12.9 36.5 T 4.8 57.6 T 13.3

Phase 2 F2 S2
French 80 34 46 13–63, 28.7 T 10.3 53.0 T 6.1 27.5 T 4.1
Senegalese 81 35 46 13–63, 32.4 T 13.2 41.0 T 0.0 22.6 T 3.1
Senegalese living in France 74 33 41 19–29, 26.0 T 4.1 39.0 T 0.0 39.0 T 0.0

Table 2. Judges’ details according to their cultural group. Sample size, age, and sex are indicated, as well as the number of judges per
child for each set of family pictures in both phases of the study (F1: French families, S1: Senegalese families, F2: French families, and S2:
Senegalese families; see text for details).
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interaction between the sex of the judge and the sex of
the child (P = 0.39), or the interaction between the sex
of the parent and the sex of the judge (P = 0.39). However,
the Senegalese judges’ scores were associated with the
interaction between the sex of the child and the sex of the
parent (P G 0.001).
Next, we controlled for significant effects, including the

cultural origin of the families and all meaningful
interactions. We observed that facial resemblance assess-
ment depended on the sex of the parent, the sex of the
child, and the cultural group of the families and their
interactions for both the French and the Senegalese judges
(see Tables 3A and 3B for estimates and P-values).
Interestingly, the picture that emerged from these results
is that daughters resembled their mothers more than their
fathers, while the converse was true for boys.
To disentangle the interaction effects, the same analysis

was performed for each cultural group of judges and each

possible combination of parent and child sexes (father–
son, father–daughter, mother–son, and mother–daughter).
Estimated detection rates and P-values associated with the
deviation between the same and other cultural groups are
indicated in Table 4. Notably, the scores obtained by
Senegalese judges are lower overall than those obtained
by French judges on all samples tested. Nevertheless, in
all cases, facial kin recognition was equivalent regardless
of the cultural origin of the families tested.

Plasticity of the kin assessment ability

During Phase 2, family samples (F2 and S2) that were
distinct from those used in Phase 1 (F1 and S1) were used.
Additionally, Senegalese judges living in France dis-
played resemblance scores significantly higher than
expected by chance (see Figure 2). They were thus able
to recognize kin facially in families of both the same and
other cultural groups.
The scores obtained by French judges were not

associated with the age of the judge (P = 0.50), the sex
of the judge (P = 0.29), the sex of the child (P = 0.34), the
age of the child (P = 0.11), or the interaction between the
sex of the judge and the sex of the child (P = 0.14).
However, the scores were negatively associated with the
age of the mother (P = 0.03). The scores obtained by
Senegalese judges were not associated with the sex of the
judge (P = 0.99), the age of the mother (P = 0.94), or the
interaction between the sex of the judge and the sex of
the child (P = 0.55). However, their scores were
associated with the age of the judge (P G 0.01), the sex
of the child (P = 0.06), and the age of the child (P G 0.01).

(A) French
judges Estimate

Std.
error z-value Pr(9ªzª)

Intercept 0.4220 0.1340 3.150 G0.01
Type of testM j0.3266 0.1010 j3.232 G0.01
Child sexG j0.5762 0.1800 j3.201 G0.01
S1 j0.3494 0.1797 j1.944 0.06
Type of testM:
Child sexG

0.6229 0.1383 4.503 G0.001

Type of testM: S1 0.2263 0.1427 1.586 0.11
Child sexG: S1 0.6748 0.2426 2.782 G0.01
Type of testM:
Child sexG: S1

j0.4263 0.2009 j2.122 0.04

(B) Senegalese
judges

Estimate Std.
error

z-value Pr(9ªzª)

Intercept j0.09669 0.10669 j0.906 0.36
Type of testM j0.31987 0.09105 j3.513 G0.001
Child sexG 0.03680 0.14076 0.261 0.79
F1 j0.31218 0.16869 j1.851 0.06
Type of testM:
Child sexG

0.40608 0.13032 3.116 G0.01

Type of testM: F1 0.30343 0.15103 2.009 0.04
Child sexG: F1 0.27846 0.22223 1.253 0.21
Type of testM:
Child sexG: F1

j0.19059 0.21076 j0.904 0.36

Table 3. Model outputs: (A) French judges; (B) Senegalese
judges. Mixed models that incorporated the identity of the child
and the identity of the judges as cross random effects were used.
The response variable (score) is modeled as binary. The intercept
corresponds to the scores obtained for the father test with boys
and families of the judge’s own cultural group. M is the variation of
the effect of the second modality of the test (mother test) as
compared to the intercept. G is the variation of the effect of the
second modality of child sex (girls) as compared to the intercept.
The “:” indicates an interaction effect between two variables.
Significant (G0.05) P-values are in bold.

Cultural group of the tested families

F1 S1

French judges
Fathers–sons 0.61 0.53 (P = 0.16)
Fathers–daughters 0.46 0.53 (P = 0.22)
Mothers–sons 0.52 0.51 (P = 0.90)
Mothers–daughters 0.53 0.57 (P = 0.48)

Senegalese judges
Fathers–sons 0.39 (P = 0.12) 0.48
Fathers–daughters 0.48 (P = 0.98) 0.47
Mothers–sons 0.40 (P = 0.70) 0.41
Mothers–daughters 0.53 (P = 0.63) 0.50

Table 4. Variations in correct parent–child assignments by French
and Senegalese judges in the same and different cultural groups
based on combinations of parent and child sexes. For each
combination, P-values correspond to the deviation associated
with kin recognition in the other cultural group as compared to kin
recognition in the same cultural group. Significant (G0.05) P-values
are indicated in bold. Facial kin recognition performed by judges
was equivalent whether or not the tested faces were of the same
cultural group as the judges.
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For Senegalese judges living in France, their scores were
not associated with their age (P = 0.46), their sex (P =
0.74), the sex of the child (P = 0.14), the age of the child
(P = 0.19), the age of the mother (P = 0.12), or the
interaction between the sex of the child and the sex of the
judge (P = 0.24).
After controlling for significant effects, all groups of

judges were equally successful in facially detecting
mother–child pairs from either France or Senegal (P =
0.19 for French judges, P = 0.49 for Senegalese judges,
and P = 0.69 for Senegalese living in France, Figure 2).
As in Phase 1, the scores obtained by Senegalese judges
were lower overall than those obtained by other judges.
The effect of time spent looking at a set of pictures was
not related to the score obtained by either the French (P =
0.49) or the Senegalese judges (P = 0.39), but it was
negatively correlated with the score obtained by Senegal-
ese judges living in France (P = 0.03). In addition, the
interaction between the time spent looking at faces and the
origin of faces was non-significant for all judges (P =

0.47, P = 0.35, P = 0.28, for French, Senegalese, and
Senegalese living in France, respectively). This result
suggests that the time spent looking at faces did not vary
regardless of whether faces are from the same or other
cultural groups and that duration of stimuli either does not
affect the accuracy of the detection (for stationary judges)
or decreases it (for judges having immigrated). Finally,
the scores obtained by the Senegalese judges who
immigrated were associated with neither the number of
years they have spent in France (P = 0.76), nor the
interaction between this variable and the cultural origin of
the pictures (P = 0.18). These results confirm those results
that were obtained in Phase 1, namely that the judges were
equally able to detect kin facially in their own and other
cultural groups. Moreover, the results suggest that an
exposure to a particular type of faces does not influence
the accuracy of the detection.

Discussion

The assessment of facial resemblance is not
culture-specific

Judges from France and Senegal did not differ in their
ability to detect kinship when looking at either French or
Senegalese faces; this effect was observed independently
in two replicates with relatively large sample sizes. An
intriguing result was the ability to more accurately detect
same-sex resemblance (father–son and mother–daughter
pairs) in same- versus other-race faces. This result may be
a by-product of the ability to detect sex-related traits in
faces, which was found to be more accurate for same- than
other-race faces (O’Toole, Deffenbacher, Valentin, &
Abdi, 1994). When all combinations are taken together,
however, the present results suggest that facial recognition
of parent–child pairs shows no other-race effect.
The absence of an other-race effect in the facial

detection of kin may result from a shared experience
between French and Senegalese individuals, due to
migration between these two countries. Shared experience
could not, however, account for the recognition ability
observed in the Senegalese judges, as they were recruited
in rural areas where the contact rate with white people is
low (G1%). The absence of an other-race effect is also not
likely to result from the amount of time judges spent
looking at the facial pictures; the time spent looking at
faces did not vary among groups of judges whether they
looked at same- or other-race faces. The limited role of
exposure to different face types is furthermore suggested
by the result obtained with immigrant judges. Similar to
the stationary judges, the judges who immigrated were
equally able to detect mother–child pairs using faces from
either their own or their new culture. Moreover, the time
spent in the new cultural environment did not affect the

Figure 2. Predicted facial recognition rates of mother–child pairs
according to the type of judge and the cultural group of the tested
families (F2: France; S2: Senegal). The rate expected by chance
is 0.33. The light gray bar corresponds to the recognition of pairs
from the same cultural group; the dark gray corresponds to the
recognition of pairs from the other cultural group. Whatever the
cultural origin of judges, facial recognition of mother–child pairs
was higher than expected by chance and was not influenced by
the cultural origin of families. n.s.: non-significant (P 9 0.05).
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ability to detect kin. This result suggests that the ability to
detect kin facially is not dependent on exposure to that
particular type of faces.
Note that the Senegalese judges who immigrated were

overall more accurate than the stationary judges, whatever
the cultural origin of the faces. The difference observed
here is likely to be a bias due to the differential computer
experience between the two samples. Indeed, while most
of the immigrant judges were from and currently lived in
urban areas, stationary judges were recruited from rural
areas where access to computers is rather limited and
exposure to images is restricted. However, even though
judges from rural Senegal were overall less successful at
computer tasks as compared to judges from urban areas
(French judges and Senegalese judges living in France),
they were also equally able to assess facial resemblance in
same- and other-race faces.

Assessment of facial resemblance differs
from facial recognition

It is intriguing that the detection of kinship relationships
through facial comparisons was not influenced by the
cultural origin of the faces since individual facial
recognition is. Indeed, a number of studies have shown
that facial recognition of individuals is a highly speci-
alized cognitive system that optimizes recognition of
same-group faces (Goodman et al., 2007; Kelly et al.,
2007; Lindsay, Jack, & Christian, 1991; Meissner &
Brigham, 2001; O’Toole et al., 1994).
The absence of an other-race effect for facial compar-

isons could result from an experimental bias that under-
estimated the role of some memory processes. The faces
to be compared were presented concomitantly in the
present study, while two different pictures of the same
face are generally presented sequentially in facial recog-
nition tests. The absence of a recall-like process in the
task used here may account for a failure to show an other-
race effect for facial comparisons (Meissner, Brigham, &
Butz, 2005). A similar experiment using a delayed match
to sample task (the child and the related individuals
presented in two successive sequences) could help assess
the influence of this memory process on the ability to
assess facial resemblance across different cultural groups.
The absence of other-race effect for the detection of

facial resemblance could also be due to a relatively
limited specialization of the cognitive process involved.
It would be the case if an inability to recognize relation-
ships among others implied only a low fitness cost (weak
selection pressure). Under this hypothesis, the other-race
effect observed in facial recognition would be the
expression of a highly specialized cognitive process
designed to respond appropriately to same-group faces,
because of high potential costs of inappropriate behaviors.
Interestingly, there is some evidence that the recognition

of familiar individuals is highly specialized and requires
several cognitive functions other than face perception (e.g.,
emotion and theory of mind areas; Gobbini & Haxby,
2007). Additionally, individuals are more distressed (as
shown by increased brain activation) by social exclusion
(in a virtual game) when being excluded by same-race or
self-resembling individuals than by other-race individuals
(Krill & Platek, 2009), suggesting that in-group individ-
uals may potentially impose severe costs. Whether the
detection of facial resemblance among others is a less
specialized mechanism associated with lower costs
remains to be investigated, for example using neuro-
imaging techniques.
Finally, it is also possible that the cues used to detect

facial resemblance differ from those allowing facial
recognition. Recognizing facial identity requires process-
ing both the shape of individual features (such as eyes,
mouth, or nose) and the configuration among features
(such as distance between the eyes). Studies suggest that
expertise in recognizing faces may result from configural
processing ability and that the other-race effect in facial
recognition results from a lower ability to process
configural information in other races than in same-race
faces (reviewed in Meissner & Brigham, 2001). Thus, the
lower sensitivity to exposure in processing facial similar-
ities could result from a relatively low use of relational
information between features when making facial com-
parisons. There is some evidence that the facial detection
of kinship is not processed using overall spatial informa-
tion (e.g., ratio of the distance between eyes on the
distance between nose and mouth). Indeed, when judges
assess kinship relationships through facial comparisons,
the performance in the “full-face” condition (full faces are
presented to the judges) is not better than performance
resulting from combining the two “masked” conditions
(either the upper or the lower half of the faces is presented
to the judges; Dal Martello & Maloney, 2006).
A preferential use of featural information to process

facial comparison may reflect a by-product of the general
facial processing system, as featural processing is present
in newborns. This hypothesis implies that selective
pressures on the use of spatial information for processing
facial similarities were likely to be insufficient. It could be
so if the detection of kinship relationships in social
settings is achieved by mechanisms not involving facial
comparisons (such as associative learning and/or diffusion
of social information). The preferential use of featural
information may also result from a higher reliability of
this cue compared to configural information when assess-
ing facial resemblance. A possibility is that features are
more heritable or less sensitive to environmental factors
than spatial relations between them, thus making features
more relevant to detect kinship than facial configuration.
There is some evidence that all parts of the face are not
equally relevant to kinship judgments: for instance, sibling
recognition through facial comparisons is reduced by only
5.3% when the lower half of the face is masked (while it is
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reduced by 65% when the upper half is masked), which is
interpreted as a confirmation that the lower part of
children’s faces, highly sensitive to growth during child-
hood and puberty, is not a reliable kinship cue (Dal
Martello & Maloney, 2006).
To our knowledge, however, information on the

mechanisms and cognitive processes underlying facial
resemblance assessment between individuals is not yet
available, and further studies are needed to decipher the
proximate and ultimate causes.
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Recent evidence suggests that, in humans, variations in testosterone (T) levels between men reflect their
differential allocation in mating versus parenting efforts. However, most studies have been conducted in
urbanized, monogamous populations, making generalizations from them questionable. This study addresses
the question of whether indicators of male reproductive effort are associated with variations in salivary T
levels in a polygynous population of agriculturists in rural Senegal. We first show that pair-bonding and/or
transition to fatherhood is associated with T profiles: married fathers (N=53) have lower morning and
afternoon T levels than unmarried non-fathers (N=28). Second, among fathers, individual differences in
parenting effort, as well as variations in mating effort, predict morning T levels. Indeed, men highly investing
in parental care show lower morning T levels. Moreover, among men under 50, polygynous men show higher
morning T levels than monogamous men. Taken together with previous results in monogamous settings,
these findings suggest that the endocrine regulation of reproductive effort is probably a general feature of
human populations.

© 2009 Elsevier Inc. All rights reserved.
Introduction

Males in species that practice bi-parental care face a trade-off
between acquiring mates and caring for offspring since mating effort
and parental effort may overlap in time (Magrath and Komdeur,
2003). This trade-off, varying both between individuals (e.g. accord-
ing to their mate value) and within individuals (e.g. according to their
fatherhood status), is generally mediated by variations in androgen
levels in various vertebrate species (Wingfeld et al., 1990). In birds for
instance, natural variation in testosterone (T) underlies individual
variation in the trade-off between mating and parenting efforts
(McGlothlin et al., 2007) and experimentally produced elevation in T
within individuals causes increases in mating effort and decreases in
parental effort (reviewed in McGlothlin et al., 2007 and Muller et al.,
2009). There is thus good evidence, at least in birds, that male
reproductive strategy (i.e. relative investment in mating versus
parental effort) is regulated through variation in T levels.

In humans, males also face a fundamental trade-off between
mating and parenting efforts, since the human family is character-
ized by both relatively high levels of paternal investment and an
extended period of child development highly dependent on adult
care-giving (Geary, 2000). Nevertheless, the hormonal correlates of
lution (UMR 5554), Université
France. Fax:+33 4 67 14 36 22.
(A. Alvergne).

ll rights reserved.
men reproductive strategy received little attention until the 1990s
(see Booth and Dabbs, 1993 for a first study). There is now some
evidence that T levels change at pair-bonding and/or transition to
fatherhood in western monogamous societies. For instance, in the
US, men in relationships (either married or not) have lower
testosterone levels than single men (Burnham et al., 2003; Gray et
al., 2002, 2004; van Anders and Watson, 2007). Furthermore,
longitudinal studies among Canadian men have established that
transition to fatherhood is associated with a decrease in T levels
(Berg and Wynne-Edwards, 2001; Storey et al., 2000). The authors
argue that lower T levels may facilitate paternal care in humans by
decreasing the likelihood that a father will engage in competitive
and/or mating behavior. To date, there are two studies outside
North America, showing that fathers have lower T levels than non-
fathers: in urban China (Gray et al., 2006) and in urban Jamaica
(Gray et al., 2007b). These results suggest that lower testosterone
levels are a common marker of fatherhood.

There is also some evidence that T levels reflect inter-individual
variability in reproductive strategy. In Western countries, men
producing more testosterone have more sexual partners (van Anders
et al., 2007; van Anders andWatson, 2007) and are less likely tomarry
(Booth and Dabbs, 1993). Once married, high T men engage more
often in extra-pair mating, experience higher marital conflict, and are
more likely to divorce (Booth and Dabbs, 1993; Mazur and Booth,
1998). T levels are inversely related to the degree of investment men
provide to their spouses (i.e., indirect paternal investment; Gray,
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Kahlenberg, Barrett, Lipson, and Ellison), and lower T men express
more sympathy feelings in response to infant cries whether they are
fathers or not (Fleming et al., 2002). The authors conclude that among
human males, androgen levels are associated with nurturing
tendencies and are predictive of paternal responsiveness.

The hormonal basis of male reproductive strategy is less
documented in non-monogamous populations. However, humans
are likely to have evolved in polygynous social systems (i.e. where
men are allowed to marry several women), and polygyny is still the
most prevalent mating system across human societies (more than
80% of the 139 societies recorded in the standard cross-cultural
sample (Murdock and White 1980); Marlowe, 2000), which renders
the study of polygynous populations particularly relevant to
investigate the hormonal correlates of paternal care. As compared
to monogamy, polygyny is characterized by a higher level of
competition for access to mates (Draper and Harpending, 1988),
which can possibly lead to differences in the hormonal correlates of
parenting. However, mixed results have been obtained in poly-
gynous populations in studies of hormonal correlates of either (1)
pair-bonding/transition to fatherhood or (2) inter-individual varia-
bility in reproductive strategy.

First, the establishment of a pair-bond does not seem to be always
followed by a decline in T levels. A study in Kenya revealed a
difference between two polygynous societies: among Ariaal men
(pastoralists), paired men have lower morning levels than unpaired
men (Gray, Ellison, and Campbell, 2007a), which support the results
obtained in industrialized societies, whereas in another study on
Swahili men (practicing a mixed economy relying on farming, fishing,
and tourism), unpaired men were similar to monogamously paired
men (Gray, 2003). This unexpected result is partly attributed to
specific events experienced by the unpaired Swahili men of their
study sample (N=17), who either have previously been married
(N=11) or have previously fathered children (N=8). These various
results may also be attributed to variation across socio-ecologies in
the reproductive strategy of men, the hormonal regulation of paternal
care perhaps being more likely in populations expressing significant
levels of paternal care. Using the standard cross-cultural sample,
Marlowe (2000) showed that the level of paternal care (as measured
by father–infant proximity) was a function of the subsistence mode,
with highest levels of paternal care being expressed by foragers and
lowest levels by pastoralists, agriculturalists being intermediate. The
role of the subsistencemode in the relationship betweenmale T levels
and parental care was investigated more closely in a recent study of
two populations in Tanzania: the Hadza (foragers) and the Datoga
(pastoralists). As predicted, the relationship between men's involve-
ment in offspring care and their testosterone levels was observed in
foragers, but not in pastoralists (Muller et al., 2009). While the above
results are promising, studies in non-Western societies are still rare,
and some subsistence modes have not been investigated yet (e.g.
agriculturalists). Therefore, more cross-cultural data are needed to
assess the generality of the hormonal regulation of paternal care in
humans.

Second, the inter-individual variability in reproductive strategy
does not seem to be always associated with variations in T levels. As
compared to monogamously married men (who are supposed to be
mainly involved in parental efforts), polygynously married men (who
are supposed to be mainly involved in mating efforts) were found to
have either higher (among the Kenyan Swahili (Gray, 2003)) or
similar T levels (among the Ariaal (Gray et al., 2007a)). The authors
argue that this discrepancy may be due to several factors, and
question the validity of using marital status as a proxy for mating
effort. Indeed, in the populations studied so far, polygynous status is
associated with important confounding variables regarding T levels:
polygynously married men are older and have more children. As a
result, the hormonal basis associated with variations between
individuals in mating/parenting efforts is still poorly understood in
polygynous populations, and additional proxies of male reproductive
strategy are needed to properly investigate this question.

This study was designed to investigate the hormonal variations
associated with male parenting and mating efforts in a polygynous
population of agriculturalists, where a high level of paternal care is
crucial to access limited resources such as food, education, and
medical care. First, we studied variations in T levels in relation to the
transition to fatherhood by comparing fathers and non-fathers.
According to Marlowe (2000), agriculturalists are expected to show
intermediate level of direct paternal care as compared to foragers and
pastoralists. Given the positive correlation between paternal care and
child condition in this population (Alvergne et al., 2009), we predict
that fathers will show lower levels than non-fathers. Then, among
fathers, we investigated variations in T levels in relation to male
reproductive effort, using indicators of both mating effort and
parental care. We predict that men highly invested in parental care
and/or monogamously married men will have less T than men lowly
invested in parental care and/or polygynously married.

Materials and methods

Both the Senegalese national committee of research council for
health (CNRS) and the French national committee of informatics and
liberties (CNIL) approved the protocols used to recruit participants
and to collect data. Informed consent was obtained from all subjects.

Study population

The study was conducted in rural villages located in the Sine
Saloum area of Senegal, West Africa. Villages are distributed around a
city of c.a. 12,000 inhabitants and each village approximately counts
around 300 individuals. In this area, the subsistence mode is mainly
agriculture, especially cash crops like peanuts and cashew nuts, but
also subsistence crops like millet. Economical resources are critical for
access to education and health, which is very limited in Senegal,
particularly in rural areas. In this country, the rate of maternal
mortality during the 1998–2005 period is 401 deaths per 100,000 live
births (for a comparison, the rate is 10 deaths per 100,000 live births
in France). Because of limited access to medical care, the rate of
mortality in children under 5 years is considerably higher than in
occidental settings (116 deaths per 1000 in Senegal, and 5 per 1000 in
France; http://www.unicef.org/). In such a situation, paternal
investment is pivotal for physical (nutrition, health) and social well-
being of the family. It represents however large costs for fathers in
terms of time and energy spent in working activities.

In the studied population, the social system is patrilocal, and the
inheritance mode patrilinear. Polygynous marriages are common,
with a maximum of four wives, a threshold established by the Islamic
religion, to which most people belong. Access to polygyny largely
depends on age, and according to a larger sample of this population
(110 families), 48% of men above 40 are polygynous while only 26%
of men under 40 are. In this sample, polygynous men have on
average more children than others (8.5 ±3.9 for polygynous men
and 5.2 ±2.4 for monogamous men). Women's fertility in our study
population is of 5.0±2.5 children, which is consistent with the
national fertility rate (5.3). For further information on the Senegalese
population see Ndiaye and Ayad (2006).

Demographic data

A total of 81 men, aged 18–70 years were recruited from 4 villages.
Selection of both the villages and the menwas random, so this sample
is likely to be representative of the larger community. Among them,
28 were non-fathers and unmarried, 32 were fathers and mono-
gamously married, and 21 were fathers and polygynously married,
with 2 (N= 13), 3 (N= 7) or 4 (N= 1) wives. To homogenize the

http://www.unicef.org/
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structure of the variable describing marital status, all polygynously
married men were pooled in a single category. Anthropometric
measurements (height, weight) were taken at the time of interviews.
For each man, information was collected on age, number of children,
socio-economic status and age of the youngest child in the family
were collected. Age was estimated using ID cards. However, because
age on ID cards is not always based on the birth certificate but is
sometimes based on an administrative judgment, age was also
assessed in relation to known ages of other men. To create a
quantitative variable describing men's socio-economic status (SES),
cattle and land possessions were recorded, and weighted by their
average cost, estimated through independent reports of ten different
men. For each child, information on his/her age, sex and birth order
was collected (Table 1).

Assessment of individual differences in parenting/mating effort

Aman's overall involvement in his family (including efforts to both
maintain pair-bonding and take care for children) was assessed. For
this purpose, mothers were asked to report their husbands' “overall”
investment including both direct care of children and economic
support for the family as: “very low”, “quite low”, “quite high”, or
“very high”. Since sample repartition was unbalanced, the two lower
levels were grouped into the label “low investing men”while the two
higher levels were grouped into the label “high investing men”. To
assess the global male mating effort in gaining access to mates,
mothers were asked to report the number of nights per week their
husband spent with them, and the level of jealousy-related conflicts
they experienced: not at all (1), a little bit (2), a lot (3), verymuch (4).
Before the survey, the questionnaire was translated into the local
languages and recorded on a dictaphone. This procedure was used to
conduct a private conversation between the mother and the
researcher, thereby avoiding social biases associated with the
presence of the locally known guide.

Quantification of T levels

T levels were measured in saliva samples. This non-invasive
technique has been previously validated and yields T levels that are
highly correlated with serum levels (Ellison, 1988; Read, 1993).

Saliva collection
Salicaps kits (IBL-Hamburg) were used to collect saliva. Each man

was given labeled tubes and straws, and saliva was sampled on two
consecutive days, twice a day: morning (9–11 AM) and afternoon (3–
5 PM). Morning levels are usually considered to reflect the magnitude
of the sleep-related rise in T, thus indicative of endogenous
physiological differences between subjects while afternoon levels
may be more indicative of behavioral and short-term ecological
Table 1
Demographic and hormonal data according to marital status.

Unmarried
(mean± SD)

Monogamous
(mean± SD)

Polygynous
(mean± SD)

Sample size 28 32 21
Age (years) 24.3 ± 7 42.1 ± 10.2 51.3 ± 10.3
Number of children 0.0 ± 0.0 5.5 ± 2.8 9.5 ± 4.2
SES (possessions in CFA×103) 1928 ±1,345 2555 ± 2,240 3116 ± 2,305
Morning T levels (pg/ml) 128.1 ± 44.5 67.5 ± 19.6 81.2 ± 41.0
Afternoon T levels (pg/ml) 94.2 ± 43.7 58.98 ± 21.3 70.9 ± 41. 3
Daytime T change (%) −26.0 ± 24.2 −8.0 ± 32.8 −1.6 ± 44.8
Body mass index (BMI) 20.7 ± 1.9 22.3 ± 3.3 22.0 ± 2.8

Mean and standard deviation are indicated.
1 U of CFA corresponds to c.a. 0.0015 Euros and 0.002 US Dollars. Unmarried men are all
non-fathers while married men are all fathers.
effects (Gray et al., 2007a). Participants were asked to rinse their
mouth with fresh water and to wait 5 min before providing saliva.
This procedurewas controlled by A.A. or C.F., assisting the collection of
each sample for each man. Samples were kept in a cool bag with blue
ice blocks during a few hours before storage at −20 °C.

T assays
T levels in saliva were determined by Luminescence Immuno

Assay (LIA) technique (Westermann, 2004), using LIA Testosterone
kits (IBL, Hamburg). Saliva tubes were defrosted and centrifuged at
2,400 rpm for 10 min; 50 μl of standards, controls and samples were
pipetted into wells of a microtiter plate; 50 μl of freshly prepared
enzyme conjugate was added into each well, followed by 50 μl of
testosterone antiserum. The plate was allowed to stand for 4 h at
room temperature, then the content of all wells was discarded, and
the plate was washed 4 times using 250 μl of dilutedwash buffer. 50 μl
of the chemiluminescence reagent was introduced into each well and
allowed to stand 10 min before relative luminescence units (RLU)
were measured with a luminometer. A total of seven standards (0 to
760 pg/ml) were used to calibrate the assay curve. The obtained RLU
of the standards were plotted against their concentrations, allowing
the calculation of sample concentration directly from the standard
curve (using Microwin software). The sensitivity of this technique is
2.5 pg/ml at 30–110 pg/ml. The four saliva samples of each
participant were run in duplicate and had a mean intra-assay CV of
5.5%. Inter-assay CV for testosterone measurements were 10.1% for
low controls and 8.0% for high controls.

Statistical analysis
Correlations between variables were calculated using the non-

parametric Spearman's rank correlation test. To investigate the effects
of several independent variables on T levels, linear models were used.
Three dependent variables were investigated: morning T levels
(average of the two morning samples), afternoon T levels (average
of the two afternoon samples) and percentage daytime T change (to
investigate daytime T change during the day, average afternoon T
levels was entered as the dependent variable andmorning T level was
entered as a confounding variable in each model). Box Cox
transformations were performed to normalize dependent variables
when needed. For each analysis, a full model was built and was not
submitted to stepwise simplification. This procedure was used to
decrease the number of false positives, and thus to provide
conservative results (Whittingham et al., 2006). A first analysis was
conducted to investigate the effects of age, bodymass index (BMI) and
socio-economic status (SES); these were suggested to be putative
confounding factors for T levels in subsistence populations (Ellison et
al., 2002; Lukas et al., 2004). Only the variables that were significant in
this first analysis were included as independent variables in other
models, in order to increase sample size (due to the presence of some
missing values for BMI and SES). The significance of the terms was
evaluated by F-tests and the normality of residuals was tested for each
model. All statistical analyses were carried out using R software (R
2.4.1, 2006).

Results

Testosterone (T) variations

T levels ranged from 22.4 to 223.2 pg/ml (mean±SD: 93.6±44.6)
in themorning and from21.1 to 187.9 pg/ml (mean±SD: 74.8±38.3)
in the afternoon. Average T levels (average of morning and afternoon
levels) were correlated between the two sampling days (Spearman's
correlation test, ρ=0.51, Pb0.001). Additionally, morning T levels
(average of morning T levels) were correlated with average afternoon
T levels (Spearman's correlation test, ρ=0.58, Pb0.001). During the
day, T levels always declined in unmarried non-fathers on average
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(−26.0± 24.2 pg/ml), while it is not the case for married fathers
(monogamous men: −8.0±32.8 pg/ml; polygynous men: −1.6±
44.8 pg/ml).Men in the present study had lower T levels thanhas been
recorded for men from western societies using similar saliva assays
(Goncharov et al., 2006). This is consistent with reported T levels from
other non-western populations (Bribiescas, 2001; Ellison, 2003).
Influence of age, body mass index (BMI) and socio-economic
status (SES)

Morning T levels were negatively associatedwith age (F1,49= 16.90,
Pb0.001) but independent from both BMI (F1,49=0.31, P=0.58) and
SES (F1,49=1.39, P=0.24). The model was significant (F3,49=8.65,
Pb0.001) and normality of residuals was not rejected (Shapiro test,
W= 0.97, P=0.50). Afternoon T levelswere negatively associatedwith
age (F1,49= 3.57, P=0.06) but independent of both BMI (F1,47= 0.02,
P=0.87) and SES (F1,49= 0.80, P=0.37).

The percentage of change in T during the day (100×(average
afternoon levels−average morning levels)/average morning levels)
was found to be positively related to age (F1,49= 5.6, P= 0.02), but
independent from both BMI (F1,49= 0.55, P= 0.5), and SES
(F1,49= 0.00, P= 1.0).
Testosterone and fatherhood status
Morning T levels, afternoon T levels and daytime T change

(afternoon levels controlled for morning levels) were compared
between fathers and non-fathers. First, fathers had lower morning T
than non-fathers (F1,62= 5.71, P= 0.02). This effect was controlled
for age (F1,62= 7.46, Pb 0.01) and for the interaction between age and
fatherhood status (F1,62= 2.99, P= 0.09). Similarly, fathers had lower
afternoon T than non-fathers (F1,63= 4.74, P=0.03). This effect was
controlled for age (F1,63= 0.00, P=0.93) and for the interaction
between age and fatherhood status (F1,62= 2.99, P= 0.09).

In contrast, daytime change in T levels did not differ between
fathers and non-fathers. Indeed, afternoon T levels did not differ
between fathers and non-fathers (F1,61= 0.66, P= 0.41) when
controlling for morning T levels (F1,61= 26.94, Pb 0.001) and there
was no significant interaction between age and fatherhood status
(F1,61= 0.48, P= 0.48).

Hence, morning and afternoon T levels, but not daytime T change,
depend on fatherhood status (Fig. 1).
Fig. 1.Mean ± s.e.m. of averagemorning and afternoon T levels (pg/ml) as a function of
fatherhood status (Raw data: NFathers= 56; NNon-fathers= 31). In the multivariate
analyses controlled for the interaction between men's age and fatherhood status,
fathers have significantly lower T levels than non-fathers at both time of the day
(morning: F1,62= 5.71, P= 0.02; afternoon: F1,63= 4.74, P= 0.03). See text for details.
Testosterone, mating and parenting efforts

Among fathers, the relationships between variables describing
parental and mating efforts and morning T levels, afternoon T levels
and daytime T change were investigated.

Morning T levels. The number of childrenwas highly correlated with
father's age (Spearman correlation, ρ= 0.75, Pb 0.001), precluding
inclusion of both variables in the samemodel. Twomodels were built,
differing only by one fixed effect (either the number of children or
age), but only the one that contained age was retained, as this was the
one which explained the most variance in morning T levels. This is
consistent with the fact that the father's age is the variable that is the
most correlated with the response variable. Indeed, morning T levels
were previously found to largely depend on age (see previous
section), and were not correlated with the number of children
(Spearman's correlation, ρ= 0.11, P= 0.5). Additionally, as morning
T levels decline with age in polygynous men (Spearman's correlation,
ρ=−0.53, P= 0.02) but not in monogamous men (Spearman's
correlation, ρ=−0.02, P= 0.9), the significant effect of the
interaction between age and marital status was included
(F1,30= 4.28, Pb 0.05). Before age 50, polygynous men have higher
morning T levels than monogamous men, where this tendency is
reversed when men are older than 50 years old (Fig. 2). Morning T
levels did not depend on age of the father's youngest child
(F1,30= 0.04, P= 0.8), the number of nights slept with the mother
per week (F1,30= 0.98, P= 0.3) or jealousy conflicts between them
(F1,30= 1.05, P= 0.3). Morning T levels were negatively associated
with levels of paternal investment as reported by the mothers
(F1,30= 5.81, P=0.02). Thus, fathers considered by their wives as less
concerned by parental care were those who had the higher morning T
levels and this relationship is found for both polygynous and
monogamous men (Fig. 3). Overall, whenmen are under 50, polygyny
and low investment status are associated with high morning T levels,
whereas monogamy and high degrees of investment are associated
with low morning T levels.
Fig. 2. Variation of morning T levels (pg/ml) among fathers as a function of age and
marital status. Raw data are indicated by dots. Lines indicate the predicted relationships
between morning T levels and age for either monogamous or polygynous men. A
negative relationship is observed for polygynous fathers but not for monogamous ones
(F1,30= 4.28, Pb 0.05; see text for details). For men younger than 50 years old,
polygynous fathers have higher morning T levels than monogamous fathers, while it is
the reverse for older men.



Fig. 3. Morning T levels (pg/ml) as a function of a man's involvement in his family
(Raw data). (A) monogamously married men (NLow investing= 7; NHigh investing= 23).
(B) Polygynously married men (NLow investing= 5; NHigh investing= 14). In the multi-
variate analyses controlling for the interaction between men's age and marital status,
low investing men have significantly lower T levels than high investing men
(F1,30= 5.81, P= 0.02). See text for details.
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Afternoon T levels. To determine whether father's age or number of
children should be included in the analysis, we used the samemethod
as described for morning T levels. The model containing father's age
was retained, as it explained the largest proportion of the variance. In
this model, afternoon T levels did not depend on either father's age
(F1,32= 0.13, P= 0.72), age of the father's youngest child
(F1,32= 1.10, P= 0.30), number of nights slept with the mother per
week (F1,32= 0.10, P= 0.75) or jealousy conflicts reported by
mothers (F1,32= 0.17, P= 0.68). Moreover, it was not related to
either marital status (F1,32= 0.00, P= 0.99) or levels of paternal
investment as reported by the mothers (F1,32= 1.07, P= 0.30). Thus,
in this sample, afternoon T levels were not significantly related to
reproductive strategy.

Daytime T change. The percentage of change in T during the day is
marginally associated with age (Spearman's correlation, ρ= 0.28,
P= 0.07), but not with the number of children (Spearman's
correlation, ρ= 0.07, P= 0.6). Because of their strong association
(see above), both variables were not entered in the same model, so
two models were built, differing only by one fixed effect (either the
number of children or the age). The model explaining the most
variance was retained, containing the father's age, which is the
variable that is the most correlated with the response variable.
Variations in afternoon T levels, when controlled for morning levels
(F1,29= 5.16, P= 0.03) are not predicted by father's age (F1,29= 0.56,
P= 0.46), marital status (F1,29= 0.09, P= 0.76), or the interaction
between these two variables (F1,29= 1.04, P= 0.31), levels of
paternal investment (F1,29= 0.10, P= 0.74), age of the youngest
child (F1,29= 0.86, P= 0.36), number of nights slept with the mother
per week (F1,29= 0.25, P= 0.8), or jealousy conflicts (F1,29= 0.56,
P= 0.45). The model was not significant (F8,29= 1.24, P= 0.3).
Contrary to morning T levels, variations in T levels during the day
cannot be predicted by either mating or parenting effort.

Discussion

This study investigated the relationship between mens' salivary T
and the trade-off between mating and parenting efforts in a
polygynous population of agriculturists from rural Senegal. The
men's reproductive trade-offs were evaluated by recording (1) their
pair-bonding/fatherhood status and (2) their behavioral profile in the
allocation of parental care and their marital status (i.e. monogamously
married; polygynously married). Our findings generally fit the
theoretical framework that predicts an association between elevated
male T and mating efforts (e.g., mate seeking) on one hand, and
between lowered T levels, pair-bonding, and paternal care on the
other hand (Gray et al., 2002).

T levels, the establishment of a pair-bond and/or the transition to
fatherhood

After controlling for age, we found that married fathers have
significantly lower morning and afternoon T than unmarried non-
fathers. This is consistent with results obtained in some east-African
populations, where both morning and afternoon levels are predicted
by marital status (in the Ariaal, Gray et al., 2007a), or presence of
children in the household (in the Hadza, (Muller et al., 2009)). Given
the structure of the data, the effects of fatherhood and marriage
cannot be disentangled. However, this structure reflects the local
social system, where fatherhood generally occurs just after marriage,
and this has most likely been the rule across human evolutionary
history. The association between lower T levels and either fatherhood
or bonding was previously reported in monogamous populations
(Gray et al., 2004, 2007b, 2006), suggesting that a decrease in T levels
is a general marker of parenting. Interestingly, several studies have
reported that the transition to fatherhood is associated with a
decrease in androgen levels in various other bi-parental species,
including some fish (Knapp et al., 1999), birds (McGlothlin et al.,
2007), mammals (review in Wynne-Edwards and Reburn, 2000) and
primates (Maestripieri, 1999; Nunes et al., 2000; Ziegler, 1996).
Moreover, this pattern seems to be absent in species where mothers
are the only caretakers (Reburn and Wynne-Edwards, 1999), which
further supports the role of the endocrine system in the mediation of
paternal behavior in animals.

T levels, parental and mating efforts

First, our study showed that a man's overall involvement in his
family, as reported by the mothers, varies with morning (but not
afternoon) T levels in men, controlling for age, marital status (i.e.
monogamously or polygynously married) and their interaction. The
finding that low T levels are associated with a high investment in
parenting is in agreement with previous studies in urban, mono-
gamous populations where, among married men, low T levels are a
predictor of a high degree of investment in spouses (i.e., indirect
parental effort) (Gray et al., 2002), and high T levels are associated
with a high probability of divorce, extra-marital sex and marital
conflict (Booth and Dabbs, 1993; Mazur and Booth, 1998). However,
previous studies on behavioral variations usually reported a stronger
correlation with afternoon as compared to morning levels (reviewed
in Muller et al., 2009). This tendency was attributed to the fact that
afternoon T levels are influenced by the cumulative outcomes of
diurnal social interactions, while morning levels are not. Data on the
nature and frequency of social interactions in men on the sampling
days were however not recorded, thus precluding controlling for
potential confounding differences between groups. Morning levels are
nevertheless thought to reflect endogenous physiology (Gray, 2007a),
which could be interpreted as an indicator of male behavioral profile.
Further investigations on the relative importance of morning versus
afternoon levels to explain male reproductive strategy are warranted.

Second, we showed that morning T levels were higher among
polygynously married men than among men that were monoga-
mously married, but only if men were younger than 50. This could be
interpreted as a correlate of the male mating behavior, but it may also
reflect an increase in mate guarding with the number of wives, and
additional data on the level of physiological stress (i.e. cortisol) could
help to tease apart these two possibilities. When men get older than
50, a reversed pattern is observed, with polygynously married men
having lower T levels than monogamously married men. This
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intriguing result has also been reported for Ariaal men older than 40
(Gray et al., 2007a), and suggests that the ability to attract mates at
older ages is not a correlate of higher T levels but rather an effect of
age on wealth. Indeed, in the present population, the ability to obtain
wives increases with socio-economic status (Kendall rank correlation,
N= 45, P= 0.001), which in turn increases with age (Kendall rank
correlation, N= 45, P= 0.01).

Nevertheless, why T levels are lower in polygynously married men
than in monogamously married men remain intriguing, although we
must acknowledge that the sample size of men older than 50 is
relatively small (Npolygynous= 8; Nmonogamous= 6). One explanation
for this effect (if it is not due to a sample bias) could be that the
difference between polygynously and monogamously married men in
their number of children, and thus in their investment in paternal
related activities, is more evident at older age, leading T levels to
decrease more steeply in polygynously married men. However, the
number of children is not correlated with T levels in this population
(Kendall rank correlation, N= 42, P= 0.65). Another possible
explanation is that polygyny accelerates senescence in men due to
high and long-term efforts in both mate guarding and family
provisioning as compared to other men. Longitudinal studies would
here be needed to determinewhether or not this is actually the case in
this population. To conclude, the ability to marry polygynously is
possibly driven by different forces depending on the age considered,
and effects of male reproductive strategy are more likely to be
expressed at younger ages.

Age, T levels and body mass index

We found that T levels decrease as a function of age. Although this
link is not universal, it has been observed in USA, Congo and
Zimbabwe, but not in Nepal, Paraguay and Ariaal men in Kenya
(Ellison et al., 2002, Lukas et al., 2004; Gray et al., 1991, 2007a;
Vermeulen and Kaufman, 1995). It is worthy of note that inter-
population differences in T levels were found to be more pronounced
for young men (15–30 years) than for older men (45–60 years)
(Ellison, 2003). The authors conclude that the differences between
populations in patterns of T decline with age result from variations in
peak levels during young adulthood and are thus highly dependent on
the reproductive physiology of young males. Indeed, under the
‘challenge’ hypothesis, testosterone increases the males' readiness to
compete during the life history stages where reproductive opportu-
nities are the greatest (Archer, 2006; Wingfeld et al., 1990). In the
present case, Senegalese young men are likely to experience a high
degree of competition for access to mates, because of the possibility of
polygynous marriages, and interestingly the effect of age is found for
polygynous men but not for monogamous men. Why Ariaal men, also
polygynous, do not show a similar age pattern is intriguing. It could be
that the availability of mates is different between the two populations,
generating different levels of competition among young men, and
thus different age patterns.

One would have expected the decline of T with age in our
population to be associated with a decline in bodymass index. Indeed,
age is assumed to influence the role of T in maintaining somatic
function (Bribiescas, 2001). However, in the present population, BMI
does not predict variations in T levels. The role of nutritional condition
for T levels in adult males is not generally agreed upon, and results
largely depend on the index chosen. There is some evidence that BMI
decreases with age in the Ariaal of Kenya (Campbell et al., 2003) and
in Zimbabwe (Lukas et al., 2004), although it does not in the Lese of
Zaire (Bentley et al., 1993), or the Tamang and Kami of central Nepal
(Ellison and Panter-Brick, 1996), or among Turkana males of Kenya
(Campbell et al., 2005). The collection of other indexes such as the fat
free mass index, taking into account muscle mass, would help to
confirm the absence of a link between T levels and body mass index in
this population.
In summary, our study showed that T levels in a polygynous
population are associated with both men's behavioral profiles for
paternal care and their life stage concerning the establishment of pair-
bond and/or the transition to fatherhood, suggesting that both inter-
individual variations and lifetime regulations of T levels modulate
men's parenting efforts in this population. Taken together and with
previous studies on monogamous populations, our findings indicate
that the regulation of male reproductive trade-offs through the
endocrine system is a common feature of human populations.
Nevertheless, as human paternal care exhibits cultural variations
(Geary, 2000; Marlowe, 2000), additional studies in societies exhibit-
ing very high or very low paternal care are warranted to confirm the
generality of hormonal correlates of male reproductive strategies.
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Explaining the behavioural variations observed between individuals is an important step for under-
standing the evolution of human cooperation and personality traits. Birth order is a potentially important
variable that implies physical and cognitive differences between siblings and differential access to
parental resources during childhood. These differences have been shown to influence several personality
characteristics in adulthood. We tested the hypothesis that birth order can shape adult cooperative
behaviours towards nonkin. An anonymous investment game was played by 510 unrelated students. The
results of the game show that firstborns were less trustful and reciprocated less than others. No
significant differences in trust or reciprocity were found among laterborn and only children based on
birth order. Firstborn status was a better predictor of cooperativeness than age, sex, income or religion.
These results constitute some of the first experimental evidence that birth order differences established
within the family can persist in adult behaviour among nonkin. We discuss the implications of this
finding for the evolution of human cooperation.
� 2009 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Understanding the evolution of human cooperation remains
a challenging problem for economists (Fehr & Fischbacher 2003)
and evolutionary biologists (Boyd 2006). Cooperative behaviours
provide a benefit to the recipient and can only be selected for if they
also provide benefits to the same actor that accepted the costs of
the cooperative action (Clutton-Brock 2002; Fehr & Fischbacher
2003; Lehmann & Keller 2006; Nowak 2006; Lehmann et al. 2007;
West et al. 2007). Therefore, cooperation can evolve and spread in
populations provided that it entails either direct benefits to the
actors or indirect benefits (through an increase in inclusive fitness,
i.e. benefits to the actors’ kin). In animals, cooperative behaviours
are almost exclusively restricted to kin groups, apart from rare and
specific cases of repeated encounters between pairs of individuals
(Dugatkin 1997; Fehr & Fischbacher 2003). In humans, individuals
cooperate in large groups involving nonrelatives, in situations
where no direct reciprocity is possible (Nowak & Sigmund 1998;
Fehr & Gachter 2002; Fehr & Fischbacher 2003; Fehr 2004; Boyd
2006). Examples include blood donation and charity, but also
es Sciences de l’Evolution,
lon, 34095 Montpellier cedex

r (A. Courtiol).

dy of Animal Behaviour. Publishe
everyday food sharing in traditional populations and rubbish
sorting in industrial societies. Despite active research in this area,
we only have a partial understanding of human characteristics that
promote specific conditions in which cooperation could evolve and
be maintained.

Most studies on cooperative behaviours report important
interindividual variation within populations. Empirical studies of
this variation are essential to understand the evolution of human
cooperation (Zahavi 1995; Lotem et al. 1999; McNamara et al.
2004). Nevertheless, studies of this nature are still scarce (Scheres &
Sanfey 2006). A few studies have related interindividual variability
to sex and age (e.g. Murnighan & Saxon 1998; Andreoni & Ves-
terlund 2001; Solnick 2001), but results are often inconsistent, and
a large part of the variability remains unexplained.

In humans, as in other species with altricial young, parental
investment (Trivers 1974) has profound effects on offspring survival
(Hill & Hurtado 1996; Pavard et al. 2005) and reproductive success
(Lindström 1999; Lummaa 2003). However, parental investment is
not unlimited (Stearns 1992; Kaplan 1996). The potential fitness
benefits of investment in different offspring are seldom equal,
potentially leading to selection pressures on parents to invest
differentially in their offspring (Biermann & Robertson 1983;
Slagsvold 1997; Jeon 2008). In humans, parents need to divide their
limited resources between several simultaneously dependent
d by Elsevier Ltd. All rights reserved.
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offspring of different ages and developmental stages (Keister 2003;
Gurven & Walker 2006), which exacerbates sibling competition
(Mock & Parker 1997).

Sulloway (1996) argued that many psychological differences
between siblings result from different adaptive strategies based on
differential access to parental investment and, more specifically,
on the microenvironment defined by birth order. Firstborn,
middleborn or lastborn status affects the relative competitive
ability of each child (Sulloway 1996). During childhood, a firstborn
has an advantage merely because he/she is older, and thus physi-
cally stronger and cognitively more advanced than laterborn chil-
dren. In addition, at a given time, the potential fitness gain that
parents can obtain from firstborns is higher, because: (1) they are
more likely to survive to adulthood, as they have already survived
the first years of life when mortality is highest; and (2) they are
likely to start reproducing earlier, thereby shortening the genera-
tion time (Trivers 1974; Voland 1998; Draper & Hames 2000). If
parents are going to invest differentially in offspring, they should
thus increase investment in firstborns from which fitness benefits
are likely to be greatest (Jeon 2008). The widespread primogeniture
system (inheritance by the eldest son of a large share or the entirety
of a parent’s wealth) exemplifies biased investment dependent on
birth order (Hrdy & Judge 1993). Therefore, birth order influences
(1) the differential ability of children to compete for this invest-
ment, and (2) differential allocation of care from the parents. Both
have consequences for personality traits measured in adults
(Sulloway 1996). In this study we tested the hypothesis that birth
order can shape adult cooperative behaviours in a similar way.

Many studies have examined the relationship between birth
order and personality traits (Sulloway 1995). They can sometimes
provide more or less direct information on cooperativeness because
several personality traits are associated with it (see Jefferson et al.
1998 and references therein; Paulhus et al. 1999; Sulloway 2001
and references therein). Overall, results reported in these studies
appear relatively inconsistent. Moreover, these studies used
subjective measures of cooperation (peer- or self-reported) rather
than measurement of actual cooperative behaviours. In contrast,
the development of economic games opens the possibility of
objectively measuring cooperation. We used the investment game,
a tool to study trust (or risk taking) and positive reciprocity in social
interactions (Berg et al. 1995). We investigated whether and how
behaviour in an investment game played with nonrelated adults is
affected by birth order.

METHODS

The Investment Game

We used an investment game based on the protocol introduced
by Berg et al. (1995). Two players (A and B) are each given 30
monetary units (MU). Player A has to decide how much, if any, of this
30 MU he/she wants to send to player B. This amount x is then
tripled by the experimenter before being delivered to player B.
Hence, at this stage A has 30 � x and B has 30 þ 3x. Player B then has
to decide how much, if any, of his/her total amount he/she wants to
send back to player A, called amount y. Here, y can take any value in
[0, 30 þ 3x], in contrast to the original game of Berg et al. (1995),
where y was bounded within [0, 3x]. Finally, A gets 30 � x þ y and B
gets 30 þ 3x � y. The game sequence was not repeated.

The game theory prediction based on the assumptions of
narrow self-regarding preferences and common knowledge of
these rational preferences is that player B will send back nothing,
inducing player A to send no money in the first place. Economic
experiments have shown, however, that these predictions fail, at
least in one-shot encounters (Berg et al. 1995). Departures from
rational choices (if x or y differs from zero) constitute departures
from selfishness, and thus reveal trends towards cooperation with
unrelated individuals. As a consequence, this experiment provides
measures of two important aspects of cooperative behaviour: trust
and reciprocity. As player A is not sure that B will reciprocate and
send back an amount equal to or greater than x, sending money to
player B is interpreted as a risky behaviour. Consequently, x is seen
as a quantitative measure of trust. In the same way, y allows us to
quantify reciprocation behaviour.

Experimental Design

Volunteer subjects were enrolled during March and April 2005
on the campus of the University of Montpellier 2, France. Each
subject was randomly assigned the role of the A or B player. The
subjects were given written instructions and had to write down on
a form the amount x (for A players) or the amount y (for B players)
that they wanted to send to the other player. To study the interin-
dividual variation in reciprocity independently of the interindi-
vidual variability in trust, we used an experimental design focused
on B players’ responses to a fixed amount received from A players. As
this amount could potentially influence B players’ behaviours during
the experiment, we chose two different values: each B player was
randomly assigned a fictional A player who sent either 10 MU or
30 MU. Below, x refers to the amount sent by A players, whereas xF

refers to the amount that B players received from fictional A players.
Both players were informed of the whole sequence before

starting, and they were also aware that their final financial gain
would be converted into real money with 10 MU ¼ 1 V. For B
players, the compensation was indeed directly obtained by their
payoff, that is (30 þ 3xF � y)/10 V. However, because no real B
players played with A players, the compensation of a focal A player
was calculated by randomly drawing an amount y* from the
responses of B players who received 30 MU. The compensation paid
to the focal A player was (30 � x þ y*)/10 V, except when y* was
higher than 30 þ 3x (the maximum amount that could have been
played by a B player responding to this focal A player); in this latter
case, the compensation paid to A was (60þ2x)/10 V.

The participants in each game session all played at the same
time and had no opportunity to communicate with each other. In
a single game session, all players were assigned to the same type of
player (A or B). All players subsequently filled in questionnaires
concerning personal and familial characteristics such as age, sex,
nationality, religious belief, number and ages of siblings, parental
ages at birth, personal income and parental income.

Ethical Note

Anonymity and confidentiality of subjects were guaranteed. The
experimental protocol was approved by the scientific committee of
‘ANR’, the national research funding agency.

Statistical Analysis

The data obtained for x and y have two peculiar characteristics
that interfere with classical statistical analysis. First, multimodal
distributions of raw data (Fig. 1) and residuals prevent the use of
generalized linear models. Second, the large number of ties in the
data (same values are repeated several times) leads to an incorrect
estimate of the critical values from tables used in nonparametric
tests. Consequently, as suggested by Manly (2007), two statistical
analyses were performed based on randomization tests: test 3
(Manly 1995) and test DO (Manly & Francis 1999). These two tests
allow one to test differences between means of several samples in
the situation where the samples may be drawn from distributions
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Figure 1. Frequency distributions of the amounts sent in the investment game. (a) Distribution of amounts (monetary units) sent by A players. (b) Distribution of amounts sent back
by B players when they received 10 monetary units or (c) 30 monetary units.
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with different variances. Both tests rely on the classical F statistic
used in AN(C)OVA, and therefore can be interpreted straightfor-
wardly as in their original context (see Appendix for details).

Birth order was taken into account as a factorial variable with
four categories: firstborn, middleborn, lastborn and only child. All
middleborn children were pooled together because families of
more than three children were rare in the sample. For A players, the
effect of birth order category on x was investigated. For B players,
the effect of birth order category on y was investigated, while
controlling for xF and its interaction with birth order category. The
variable xF is factorial, with two categories: 10 and 30 MU.

In such an analysis, putative confounding effects may remain
undetected. This possibility was evaluated by investigating the
association between x (or y) and the variables that could potentially
create an artefactual birth order effect (because they are associated
with birth order): parents’ age at birth and number of siblings (see
Appendix for details).

To assess the relevance of birth order effects on trust and reci-
procity, we compared them with the effects of several other cova-
riates characterizing the subjects: sex, age, number of siblings,
personal income, parental income, parents’ age at birth and whether
the subject believed in a god or not. Randomization procedures (test
3 and test DO) used to analyse birth order effects do not allow
simultaneous consideration of more than two covariates. Moreover,
as previously mentioned, the distributions of amounts sent are such
that linear modelling cannot be used. Thus, we considered a binary
dummy variable indicating whether or not the subject sent an
amount greater than the median of amounts sent by all players of
the same category (either A or B players). Although this method
implies a loss of information, it allows simultaneous modelling of
the influence of all covariates. Two generalized linear models were
built: first, a logistic regression model to explain the amount sent by
A players, and second, a model to explain the amount sent by B
players. For B players, the amount received from A was considered in
addition to the other covariates. Once models were fitted, Nagel-
kerke R2 values were computed to measure the proportion of
deviance explained. Parameter estimates and significance levels
obtained for each covariate are indicated in Table 1.

RESULTS

Sample Characteristics

A total of 510 volunteers were subjected to either the A or the B
player version of the investment game and filled in the
questionnaire. Foreign students were excluded, because cultural
differences in cooperative behaviour have been reported (Henrich
2000). After we excluded incomplete questionnaires, the resulting
sample consisted of 417 students (196 A players and 221 B players)
aged a mean � SD of 20.9 � 2.3 years. Males and females were
equally represented (198 and 219, respectively; exact binomial test:
P ¼ 0.33). The average number of siblings was 1.3 � 0.9. Average
parental income was 2636 � 1153 V per month, and average
personal income was 369 � 251 V per month. For 89% of the
students, their personal income was partially or totally provided by
their parents. In this sample, 27% of individuals reported religious
beliefs.

Overall, our sample was composed of 178 firstborn, 48
middleborn, 125 lastborn and 66 only children. Firstborns were
overrepresented in the sample compared to lastborn children
(exact binomial test: N ¼ 303, P ¼ 0.003), as has been reported in
most universities worldwide (Rohde et al. 2003). As expected,
maternal, paternal and average parental age at birth differed
between birth order categories (Kruskal–Wallis H test: H ¼ 84,
P < 0.0001; H ¼ 81, P < 0.0001; H ¼ 95, P < 0.0001, respectively;
N ¼ 417). In addition, birth order and number of siblings were not
independent (Fisher’s exact test on a 6 � 4 contingency table:
N ¼ 417 P < 0.0001).

Investment Game Summary Statistics

Among the 417 participants, only 8% (20 A players and 15 B
players) played according to the rational prediction (Nash equi-
librium). For A players, the average amount sent to B was 13.3 MU
(confidence interval, CI: 12.0–14.6). The distribution of the amount
sent was multimodal, with an excess of players choosing exactly 0,
10, 20 or 30 MU (Fig. 1a). Among the 112 B players who received
10 MU from fictional A players, the average amount sent back was
18.1 MU (CI: 15.8–20.5; Fig. 1b). Among the 109 B players who
received 30 MU from A, the average amount sent back was
42.7 MU (CI: 38–47.6; Fig. 1c). Among all B players, 93% sent back
a non-null amount, but 17% sent back less than the amount
received (y < xF).

Birth Order Effect on Trust

Randomization tests suggest a slight overall effect of birth order
categories on x (test 3: F ¼ 2.8, P ¼ 0.042; test DO: F ¼ 2.5,
P ¼ 0.079; N ¼ 196; see Appendix for details on the methods).
Means of x for middleborn, lastborn and only children appeared



Table 1
Results of the logistic regression models explaining the amount sent in the investment game

Subjects Covariates Estimates SE OR 95% CI for OR Likelihood ratio P

A players
Birth order (firstborn) �1.1 0.39 0.34 0.16–0.73 8.1 4.3�10�3

Sex (male) �0.34 0.36 0.71 0.35–1.4 0.89 0.34
Age 7.4�10�2 8.4�10�2 2.1 0.40–11 0.76 0.38
Number of siblings 0.37 0.21 1.5 0.96–2.2 3.1 7.6�10�2

Income �3.8�10�4 7.9�10�4 0.96 0.82–1.1 0.23 0.63
Parental income 3.8�10�4 1.7�10�4 1.0 1.0–1.1 5.3 2.1�10�2

Father’s age at birth 1.5�10�2 5.0�10�2 1.2 0.44–3.1 9.1�10�2 0.76
Mother’s age at birth �4.0�10�2 5.1�10�2 0.67 0.24–1.8 0.62 0.43
Belief in god 0.10 0.40 1.1 0.51–2.4 6.5�10�2 0.80

B players
Amount received from A 1.4�10�1 1.9�10�2 16 7.4–34 64 <10�4

Birth order (firstborn) �1.2 4.6�10�1 0.31 0.13–0.77 6.7 9.5�10�3

Sex (male) 1.1�10�1 3.8�10�1 1.1 0.52–2.4 7.9�10�2 0.78
Age 3.4�10�2 1.1�10�1 1.4 0.16–12.2 9.6�10�2 0.76
Number of siblings 1.1�10�1 2.4�10�1 1.1 0.70–1.8 0.20 0.65
Income 3.4�10�5 8.9�10�4 1.0 0.84–1.2 1.4�10�3 0.97
Parental income 4.6�10�5 1.7�10�4 1.0 0.97–1.0 7.2�10�2 0.79
Father’s age at birth 2.1�10�2 4.9�10�2 1.2 0.47–3.2 0.18 0.67
Mother’s age at birth 3.4�10�3 5.6�10�2 1.0 0.34–3.1 3.6�10�3 0.95
Belief in god �3.6�10�1 4.5�10�1 0.70 0.29–1.7 0.62 0.43

For A players, the dependent variable of the corresponding model is a binary dummy variable indicating whether or not the subject sent an amount greater than the median of
amounts sent by all A players (10 monetary units). This model is based on 158 individuals (38 individuals were removed because of missing data). Estimate of the inter-
cept ¼ �2.11; null deviance ¼ 218.4; residual deviance ¼ 201.4; dispersion parameter ¼ 1.36. For B players, the dependent variable of the corresponding model is a binary
dummy variable indicating whether or not the subject sent an amount greater than the median of amounts sent by all B players (20 monetary units). This model is based on
191 individuals (30 individuals were removed because of missing data). Estimate of the intercept ¼ �4.77; null deviance ¼ 263.9; residual deviance ¼ 181.3; dispersion
parameter ¼ 1.01. For both models, signs of the estimates indicate whether the probability of sending more money than the median increases (if positive) or decreases (if
negative) with the corresponding covariate. Odds ratios (OR) and associated confidence intervals are given for both binary and continuous variables. For binary variables, OR
indicate the relative odds for the category of reference. For continuous variables, OR are given for increments of 10 years for the three variables referring to ages; for an
increment of one sibling for the variable referring to the sibling number; for increments of 100 euros for the two variables referring to income; and for an increment of 20 MU
(30 versus 10) for the variable referring to the amount received from A for B players. Significance levels were computed using traditional likelihood ratio tests based on
comparing the model with all covariates to the model without the covariate of interest.
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much closer to each other than to the mean of x for firstborns
(Table 2); these three categories were therefore pooled. On average,
firstborns sent 3.7 MU (CI: 1.2–6.2) less than laterborn or only
children (Fig. 2a), that is, a 25% lower amount (CI: 8.9–38.4). This
difference was significant (test 3: F ¼ 8.6, P ¼ 0.004; test DO:
F ¼ 7.7, P ¼ 0.004; N ¼ 196).

Neither parental age nor sibship size was significantly correlated
with x (regression coefficient ¼ 0.13, N ¼ 189, P ¼ 0.40; regression
coefficient ¼ 0.26 N ¼ 196, P ¼ 0.75, respectively). Consequently,
birth order’s influence on trust is not likely to result from indirect
effects of parents’ ages or the number of siblings.

Among all covariates included in the logistic regression model,
birth order explained most of the deviance in the probability of
sending to B players an amount of money larger than the median of
the distribution of x (Table 1). Consistent with randomization tests,
firstborn status decreased this probability: the odds that a laterborn
or an only child sent an amount larger than the median of x is 2.9
(CI: 1.4–6.3) times higher than the corresponding odds for a first-
born. None of the other covariates was significant except for
parental income. Overall, ca. 14% of the total deviance was
explained by the model.
Table 2
Average amounts sent in the investment game

Amount sent by A players (in MU) Amount se
10 MU

Firstborn 11.1 [9.4–12.8] (79) 14.9
Non firstborn 14.8 [13.1–16.6] (117) 21.0
Middleborn 15.0 [11.0–18.9] (26) 27.0
Lastborn 14.8 [12.4–17.3] (60) 17.7
Only child 14.6 [11.1–18.3] (31) 25.0

MU: monetary units. 95% confidence intervals are given in brackets. Sample sizes are in
Birth Order Effect on Reciprocity

The effects of birth order and xF (amount received from A) were
both significant (test DO: F ¼ 4.5, P ¼ 0.027 and F ¼ 74, P ¼ 0.0001,
respectively; N ¼ 221), but the interaction between these two
factors was not (test DO: F ¼ 1.0, N ¼ 221, P ¼ 0.41). Removing the
interaction from the model did not influence the F statistics of these
two factors. Hence, the interaction was not considered in the
following post hoc analysis.

Only children and laterborns were pooled because their average
amounts sent (y) were closer to each other than to the average
amount sent by firstborns (Table 2). Among B players who received
10 MU, firstborns sent on average 6.1 MU (CI: 1.9–10.7) less than
laterborn and only children (Fig. 2b), that is, a 29% lower amount
(CI: 10.3–44.0). Among B players who received 30 MU, firstborns
sent an average of 10.2 MU (CI: 0.6–19.7) less than laterborn and
only children (Fig. 2c), that is, a 22% lower amount (CI: 2.0–38.8).
This difference between firstborn and other children was signifi-
cant (test DO: F ¼ 9.1, N ¼ 221, P ¼ 0.002).

Parental age was not statistically related to y (regression coef-
ficients: for xF ¼ 10: �0.17, N ¼ 110, P ¼ 0.46; for xF ¼ 30: 0.32,
nt by B players who received Amount sent by B players who received
30 MU

[12.6–17.1] (54) 36.7 [29.3–44.0] (45)
[17.4–24.8] (58) 47.0 [40.8–53.2] (64)
[6.0–48.0] (5) 54.4 [41.8–68.2] (17)
[14.0–21.8] (33) 46.4 [38.8–54.5] (32)
[19.0–31.8] (20) 39.7 [27.4–52.7] (15)

parentheses.
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N ¼ 102, P ¼ 0.54), but sibship size was (for xF ¼ 10: �2.0, N ¼ 112,
P ¼ 0.16; for xF ¼ 30: 6.4, N ¼ 109, P ¼ 0.017). However, birth order
still significantly influenced y within each sibship size category (e.g.
test DO for first- versus lastborn in families of two siblings: F ¼ 12,
N ¼ 111, P < 0.001). In addition, sibship size still significantly
influenced y within each birth order category (e.g. regression
coefficient when xF ¼ 30 for firstborns: 15.0, N ¼ 45, P < 0.001).
Hence, birth order and the number of siblings independently
affected y, although they could also interact.

For B players, birth order was the personal characteristic that
explained most of the deviance in the probability of sending back to
A players an amount of money larger than the median of the
distribution of y (Table 1). Consistent with the randomization test,
firstborn status decreased this probability: the odds that a laterborn
or an only child sent an amount larger than the median of y is 3.2
(CI: 1.3–7.8) times higher than the corresponding odds for a first-
born. Obviously, xF explained a large part of the deviance, and all
other covariates were not significant. Overall, ca. 47% of the total
deviance was explained by the model.

DISCUSSION

Birth Order Effects on Trust and Reciprocity

Status as a first-, middle-, lastborn or only child accounted for
interindividual differences in behaviour as measured by the
investment game. Siblings seemed to develop distinct cooperation
strategies based on their birth order, which had long-term effects
on cooperation between unrelated individuals in adulthood. These
results constitute some of the first experimental evidence that birth
order differences established within the family can persist in adult
behaviour among nonkin. More precisely, this study reveals
a significant behavioural difference between firstborns and other
children.

According to evolutionary psychologists, birth order effects
result from sibling competition for parental investment (Sulloway
1996), together with an unequal distribution of investment among
siblings by the parents (Hertwig et al. 2002). Hence, interindividual
variation in cooperation partly results from sibling competition.

Firstborns appeared to be less trustful and reciprocate less than
laterborn and only children. The absence of behavioural differences
between laterborn and only children suggests that birth order
differences could result from a decrease in cooperative behaviour
by firstborns rather than an increase by laterborn children through
cooperation coalitions. Therefore, it seems unlikely that the higher
level of cooperation of laterborn children results from their higher
dependence towards parental investment or from enforced coop-
eration within the family. Rather, shifting from only child to first-
born status following the birth of a younger sibling seems to lead
the eldest child to reduce his/her cooperative behaviour. None the
less, the fact that differences between amounts sent by firstborns
and only children during the experiment were only marginally
significant precludes any definitive conclusion. Importantly, the
differences between firstborns and laterborn children for trust and
reciprocity hold whether or not only children were considered in
the analysis (data not shown).

Previous psychological works on birth order differences in
cooperativeness, based on subjective assessments of personality,
are inconsistent, although a meta-analytical amalgamation of
existing data from four different studies in which effect sizes are
available indicates a small but significant trend in the same direc-
tion as the results found here (F. J. Sulloway, personal communi-
cation, based on an analysis of 10 studies in Paulhus et al. 1999;
Jefferson et al. 1998; Sulloway 2001). However, these studies were
based on self- or peer-reported measures of cooperativeness, rather
than on objective and quantitative measures of cooperative
behaviours, such as those provided by economic games. In addition,
detection of such effects, which only explain a small part of the
behavioural variation, requires a sufficient sample size and
adequate statistical tools. We observed this negative effect of
firstborn status on cooperativeness in two different samples of
students (A and B players). In each sample, the statistical support
for this effect was strong (P < 0.005) for the corresponding coop-
eration components (trust or reciprocity). Thus, the present result
seems to be robust, although cross-cultural comparisons are
needed to assess its generality.

The importance of familial environment in human cooperation
could appear somewhat weak, since most of the variance remained
unexplained. None the less, firstborn status had the highest
explanatory power compared to the other individual characteristics
considered. In addition, part of the variance in cooperative behav-
iour among individuals has a genetic basis, and only the nongenetic
part of the variance can be explained by factors such as birth order
and other familial characteristics. Rushton (1986) found that
around 50% of the variance in cooperativeness is associated with
genetic effects, leaving 50% to nongenetic effects. Further estima-
tion of the genetic contribution to the variance in cooperative
behaviour is required, and this should use economic games rather
than self-reporting (as in Rushton 1986). This is a necessary step in
assessing the explanatory power of familial traits on the behav-
ioural variability observed, and consequently in estimating
precisely the relevance of these traits for evolutionary explanations.
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Consequences for Methodological Issues in Future Studies

Our results highlight the interest of using experiments rather
than subjective measures of personality, since we revealed an
important influence of birth order on trust and reciprocity, while
many psychological studies reported no effect despite using larger
samples. In addition, our analyses also reveal two problems related
to the use of students in empirical work on cooperation. First, as in
many studies based on university samples (Altus 1966; Rohde et al.
2003), firstborns are overrepresented compared to lastborn chil-
dren. Parental resource depletion and different abilities of siblings
are the classical explanations for this phenomenon (Blake 1981;
Downey 2001; Zajonc 2001; Hertwig et al. 2002). The existence of
a firstborn effect on cooperation, in conjunction with the unbal-
anced representation of birth orders, could potentially lead to
biased estimates of cooperation levels in studies involving student
samples but neglecting birth order effects. Second, as most
students are highly dependent on parental financial support (at
least in France), sibling competition could affect their behaviours
more than in economically independent adults. This could affect
cross-cultural studies, where industrialized societies are generally
represented by a student population and traditional societies are
represented by a nonstudent population (e.g. Henrich 2000).

Cooperation Towards Nonkin Individuals

Although in our experimental design the subjects played the
investment game with nonkin individuals using nonparental
resources, they behaved differently depending on their position in
the family. Two main mechanisms could be involved: an allocation
trade-off between cooperation within and outside the family, or
a by-product of how cooperative behaviours were selected to be
adaptive inside the family.

Familial interactions may still be important in adulthood and
may influence the tendency to cooperate with nonrelatives. In this
situation, there would be an allocation trade-off between cooper-
ation within or outside the family. Owing to resource limitations
such as time and energy, forming any cooperative alliance within
the family would lower the probability of making another coop-
erative alliance outside the family. In this scenario, our results
suggest that firstborns tend to favour cooperation within the family,
and that laterborn children, who cooperate more with nonkin, are
less prone to cooperate with their siblings (only children represent
an extreme situation because they can uniquely interact with
nonkin children during childhood). This is supported by studies of
familial attachment: for instance, firstborns feel closer to their
parents and other relatives than laterborn children (Salmon & Daly
1998). In addition, our study showed a nonsignificant trend for
middleborn children to be the most trustful towards nonkin and to
reciprocate the most. This is consistent with the fact that middle-
born children are described as feeling the closest to unrelated
individuals (Salmon & Daly 1998). It follows that they would be the
least cooperative with their siblings. Indeed, Salmon (2003)
showed, using questionnaires, that middleborn children seem less
prone to help family members in need.

An alternative view is to consider that cooperation outside the
family is independent of cooperation inside the family. In this
scenario, no birth order effect is expected unless cooperative
behaviour towards nonkin individuals is a by-product of intra-
familial cooperation. Cooperative skills may be shaped during
childhood in interactions with siblings, and may not be plastic
enough to become completely independent of this past environ-
ment in adulthood. In this situation, adults would cooperate with
unrelated individuals using rules initially designed to be optimal
within the family, even though they are potentially irrelevant
outside. The fact that birth order seems to have a long-lasting
impact on many personality traits measured in adults (Sulloway
1995) provides support for this hypothesis. Among possible prox-
imal mechanisms, the endocrine system is likely to be involved. The
familial environment has long-term effects on the blood concen-
trations of hormones such as cortisol and testosterone (Flinn &
England 1997; Alvergne et al. 2008). In addition, these hormones
have been found to influence behaviour in economic games
(Burnham 2007; Apicella et al. 2008; Coates & Herbert 2008).

Implications for the Evolution of Human Cooperation

The role of sibling competition in determining adult cooperation
may provide some indirect insights into the evolutionary puzzle of
human cooperation. Within the family, kin selection and direct and
indirect reciprocity promote cooperative behaviours. The allocation
trade-off and constrained plasticity scenarios both imply that
human adults keep cooperating according to family-related deter-
minants, even when interacting with unrelated individuals. The
importance of birth order is probably just one illustration of the
impact of familial structure and familial interactions on coopera-
tion. Therefore, the extended dependence of offspring on parental
investment is an important factor to consider when investigating
the evolution of cooperation among humans. For instance, studying
the influence of parental strategies on offspring cooperativeness
could bring some additional light on the evolution of human
cooperation. In this regard, replicating the present study in pop-
ulations that differ in wealth inheritance practices (e.g. primogen-
iture, egalitarian, ultimogeniture) would be of particular interest.

Obviously, cooperative actions depend on many personality
traits and behavioural tendencies. In the present study we inves-
tigated only two components of cooperation, namely trust and
reciprocity, as measured in the investment game. Therefore,
economic games measuring other aspects of cooperation need also
to be performed as well as experiments in natural situations and in
other cultural contexts before definitive conclusions can be drawn.
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APPENDIX

The variance structure between factor categories was analysed
with a version of Levene’s test (Levene 1960) using randomizations
(Conover et al. 1981) as suggested by Manly (2007) for situations of
strong departure from normality. Following Brown & Forsythe
(1974), residuals were computed using the median rather than the
mean to perform Levene’s tests. Both the residuals of the amount
sent by A players (x) within birth order categories and the residuals
of the amount sent back by B players (y) within xF and birth order
modalities presented strong evidence for heteroscedasticity
(Levene’s test in its randomization version: for A players: W ¼ 4.0,
N ¼ 196, P ¼ 0.01; for B players: W ¼ 9.4, N ¼ 221, P ¼ 0.0001).

Owing to the large heteroscedasticity in the data sets, specific
tests were performed for the mean analysis. For A players, we used
the two best tests designed for one-factor analysis described by
Manly: test 3 (Manly 1995) and test DO (Manly & Francis 1999). Test
3 involved transforming raw data to keep mean differences between
factor categories while removing variance differences. A classic one-
way ANOVA was then applied on the transformed data, and the
significance was determined by comparing the F statistic with its
randomization distribution. Test DO is also based on a classic ANOVA
but adopts an alternative strategy: raw data are not transformed but
variance heteroscedasticity is reintroduced into each randomization
set (see Manly & Francis 1999 for details). For B players, only test DO
was used because the statistical accuracy of test 3 is reduced when
two factors are present (Manly & Francis 1999).

Post hoc analysis was based on pairwise comparisons of all four
birth order categories, followed by grouping categories that did not
differ significantly according to the previous tests 3 and DO.

To analyse the possible bias from parental ages at birth and the
number of siblings, coefficients of the linear regressions on the
amount sent (x for A players and y for B players) were computed
independently as a function of each of these two variables. The
significance levels of these coefficients were obtained by
comparing them with their randomization distributions under the
null hypothesis.

Significance in all randomization tests was assessed by
comparing the observed value of the statistic with 9999 randomi-
zation sets. All statistical analyses were implemented in the
language R (R.2.9.1, R Development Core Team, Vienna, Austria).
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Abstract

Parental investment is a limited resource for which offspring compete in order to increase their own survival and
reproductive success. However, parents might be selected to influence the outcome of sibling competition through
differential investment. While evidence for this is widespread in egg-laying species, whether or not this may also be the case
in viviparous species is more difficult to determine. We use pre-industrial Finns as our model system and an equal
investment model as our null hypothesis, which predicts that (all else being equal) middleborns should be disadvantaged
through competition. We found no overall evidence to suggest that middleborns in a family are disadvantaged in terms of
their survival, age at first reproduction or lifetime reproductive success. However, when considering birth-order only among
same-sexed siblings, first-, middle- and lastborn sons significantly differed in the number of offspring they were able to rear
to adulthood, although there was no similar effect among females. Middleborn sons appeared to produce significantly less
offspring than first- or lastborn sons, but they did not significantly differ from lastborn sons in the number of offspring
reared to adulthood. Our results thus show that taking sex differences into account is important when modelling birth-order
effects. We found clear evidence of firstborn sons being advantaged over other sons in the family, and over firstborn
daughters. Therefore, our results suggest that parents invest differentially in their offspring in order to both preferentially
favour particular offspring or reduce offspring inequalities arising from sibling competition.
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Introduction

In species with altricial young, parental investment has

profound effects on offspring survival [1,2] and success [3–5].

However, parental investment is not unlimited [6,7] and offspring

quality is seldom equal, potentially leading to selection pressures

on parents to invest differentially in their offspring [6,8,9]. The

two most common ways in which offspring are suggested to receive

greater resources is: (a) through direct competition with each

other; and (b) through differential allocation of parental invest-

ment [10,11]. These two alternatives are not mutually exclusive,

and parents might invest so as to either increase or decrease levels

of sibling competition [12]. For example, greater investment in

certain offspring or longer birth intervals can cause inequalities

between siblings. Moreover, parental investment strategies and

offspring outcomes can also depend on the resource availability to

parents or, in humans, in socio-economic factors [13–15].

In humans, parents need to divide their limited resources

between several simultaneously dependent offspring [16,17].

While simultaneously raising several offspring of different ages

and developmental stages is typical in humans, such investment

patterns can also occur in other mammals [e.g. meerkats Suricata

suricatta: 18; kangaroos Macropus spp.: 19]. How parents allocate

their investment to each offspring at each given time across their

lifespan is not well-known, and few studies have investigated in any

species how parents should allocate resources among offspring of

different ages [20,21]. Hertwig, Davis and Sulloway showed that if

parents subdivide the resources equally among their offspring at

any given point in time, it yields a cumulative distribution of

investment that is unequal among offspring [22] (the ‘‘equity

heuristic’’, see Figure 1a). The model of Hertwig et al. provides a

useful null hypothesis against which parental investment tactics

can be measured [22]. If parents do not differentially invest in

offspring and if resources do not change over time, then we would

predict that firstborns and lastborns will be more successful than

middleborns which, because of competition, necessarily receive

less care (see Figure 1a). By contrast, in cases where parents

differentially invest resources to particular offspring we would

predict that the pattern of Hertwig et al. will not be upheld. For

example, if parental experience is important for offspring success,

or if parental investment increases as expected residual reproduc-

tive value decreases [23,24], all else being equal, middleborns and

lastborns should be at an advantage (Figure 1b, left hand panel).

At a given time, however, the potential fitness gain that parents

can obtain from firstborns is higher, because: (1) they are more

likely to survive to adulthood, as they have already survived the

first years of life where mortality is the highest; and (2) they are

likely to start reproducing earlier, thereby shortening the

generation time [15,25,26]. If parents favour firstborns from

which fitness benefits are likely to be greatest or middleborns
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which are likely to be at a competitive disadvantage, we would

predict greater success among firstborns compared with other

categories or similar success irrespective of birth-order category,

respectively (Figure 1b, middle panel). Finally, if resources

diminish over time [27], we would expect that lastborns are at a

disadvantage (Figure 1b, right hand panel). We acknowledge that

the predictions from each of the above alternatives are not

mutually exclusive and that other possibilities are equally valid, but

highlight them here as example alternatives to the predictions of

Hertwig et al. (Figure 1a).

Although there are currently no formal tests of such models,

birth-order in humans is known to be associated with various

Figure 1. Alternative predictions regarding fitness effects of birth-order. (a) Resource allocation according to the equity heuristic as a
function of birth rank in families with one to four children. Spheres in the upper part of the figure represent the proportion of resources obtained for
a child in each of several birth ranks, in sibship sizes ranging from one to four, and across seven periods of growth (‘years’). The bars in the lower part
show the cumulative resource distribution for children in an only-child, a two-child, a three-child and a four-child family. Whereas an equity motive
produces a fair distribution at any given point in time, it yields a cumulative distribution of investments that is unequal. Adapted with permission
from Hertwig, Davis & Sulloway (2002). (b) Fitness as a function of birth-order category (first-, middle- and last-borns): three example alternative
predictions to that posited by Hertwig et al. (2002). Left panel: if parental experience is important for offspring success, or if parental investment
increases as expected residual reproductive value decreases, all else being equal, middleborns and lastborns should be at an advantage. Middle
panel: if parents favour firstborns (from which fitness benefits are likely to be greatest), a higher fitness is expected for firstborns compared with other
categories; if parents favour middleborns which are likely to be at a competitive disadvantage, similar success is expected irrespective of birth-order
category. Right panel: if resources diminish over time, lastborns are expected to be at a disadvantage.
doi:10.1371/journal.pone.0005680.g001
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child attributes. Firstborns generally have a smaller birth weight

[28]. By contrast, later-born children can be out-competed for

resources that are most critical in early childhood. For example,

they are less likely than firstborns to attend infant clinics and to

receive vaccination against childhood diseases [29], are more

poorly nourished than firstborns [30,31], and in large families,

they run a higher risk of experiencing accidents during early

childhood [32]. Associations between birth order and educa-

tional level have also been found; usually suggesting that

firstborns are advantaged [28,33–36]. Consequently, birth-order

has been shown to be linked to a range of traits potentially

associated with offspring fitness, such as their survival [37],

wealth inheritance [38], marriage prospects [39] and number of

offspring [40,41].

However, the effects of birth order on such results are

commonly contradicting. For example, some studies found that

earlier-born children are at a disadvantage [e.g. 42,43,44], others

found the opposite [e.g. 28,29,45,46], at least one [47] found a U-

shape mortality risk during the first nine months (elevated risk for

first- and third-borns in Bangladesh) and some have found no

effect at all [23]. These contradictions could be due to different

balances in the relative influences of low birthweight and health in

firstborns, and insufficient parental resources directed towards the

health and safety of later-borns. This balance could further vary

according to environmental conditions experienced by the

different populations studied. Birth-order effects may also be

further influenced in many humans societies by a favoured

inheritance of parental possessions to first-born sons [rule of

primogeniture: 38,40,41,43,48], although there are also societies

where parental wealth is transferred to the youngest son [46].

Importantly, in most societies, these inheritance rules are mainly

relevant to higher status families – where there is wealth to be

transmitted [14].

While a number of previous studies have thus investigated birth-

order effects (see above), many have failed to control for many of

the potential confounding terms; which might partly account for

contradictory results (see above). It thus would appear critical to

control for all the factors that are known to be linked both to birth

order and to survival or reproductive success. Some studies, for

example, controlled for socio-economic status, but failed to control

for total number of siblings or maternal age [43,49], although this

is critical when investigating birth order effects. Indeed, child

mortality has been found to be negatively related to maternal age

[28], and lastborns are more likely to be born from an older

mother. Similarly, mothers experiencing high child mortality tend

to have more births, which may make late-birth-order children

appear to have higher than average mortality. In addition, no

study to date has investigated the effects of birth order on a long-

term measure of fitness such as the lifetime reproductive success

(i.e. number of offspring raised to adulthood) that combines birth-

order effects on survival, as well as reproductive rate and the

quality of the offspring produced.

The aim of this study was to use the predictions of the equal

parental investment model (Figure 1a) as a board to investigate

incidences of differential investment on fitness and the key life-

history traits underlying fitness in humans. First, we investigate the

consequences of being first-, middle- or last-born on the chances of

surviving to adulthood and reproducing. Second, we analyse the

effects of being first-, middle- or last-born on individual lifetime

reproductive success (LRS) (number of offspring raised to

adulthood over lifetime) as well as the underlying components of

LRS, i.e. lifetime fecundity (number of offspring born) and

offspring survival probability. Finally, we investigate the effects

of being first-, middle- or last-born on the underlying life-history

traits that influence lifetime reproductive success: age at first and

last reproduction and inter-birth intervals. Although the equal

parental investment model (Figure 1a) explicitly considers only

overall birth order (first-, middle- and lastborn child among all

siblings), intra-sex birth order may, at least in some socio-

ecological contexts, be more relevant to varying patterns of

parental investment. Therefore, we repeated our analyses for

intra-sex birth order categories (first-, middle- and lastborn son

among male offspring only, and first-, middle- and lastborn

daughter among female offspring only, i.e. not necessarily being

first-, middle- and lastborns in the whole family). We also

investigated the effects of being first-, middle-, or lastborn on a

son’s probability of becoming a landowner, to test the possibility

that any higher success among firstborn sons may be explained by

gaining access to higher resources at reproductive ages.

We use demographic pedigree records of over 2000 families

from four parishes of rural Finland in the 18th and 19th centuries

[50]. Our demographic data has at least four benefits for

addressing our aims. Firstly, it was collected from church registers

maintained since the 17th century in each parish of the country by

local clergymen, who were obliged by law to submit accurate

records of the survival and reproductive history of all individuals in

their parish area to the state [51]. Migration rates were low and in

most cases the parish migration registers allow the lifetime

reproductive success of dispersers to be determined. Secondly,

the study period ends before the availability of reliable

contraception, freely available healthcare and the associated

transition to low mortality and fertility in Finland, which was

not complete until the mid-20th century [52]. Hence, mortality

and fertility rates are close to ‘natural’. Thirdly, the data includes

the social status of each family, which represents differences in

resource availability in terms of nutrition, wealth and workload

between individuals, and has already been shown to influence

reproductive success in our study population [53,54] as well as

other pre-industrial populations [e.g. 14]. Fourth, our data allows

a number of other confounding factors to be controlled, including

geographic (study parish) and temporal (birth cohort) variation in

fertility and mortality, as well as number of siblings, maternal age

and maternal survival.

Methods

This study was based on demographic records from historical

Finnish populations. Our data contain three generations of

pedigree data for four geographically separate rural parishes

from the south-west archipelago and from the mainland

(Hiittinen, Kustavi, Rymättylä, and Ikaalinen). During the study

period, these populations depended on farming for their

livelihood, supplemented with fishing in the archipelago areas

of south-western Finland. Farmers could either own their land,

or rent it (tenant farmers). Information on the occupation of

each man, or for women, that of their husband, allowed us to

control for socio-economic status. We contrasted two groups,

according to those owning land versus those either renting or

having no access to land at all. Importantly, these categories

have already been associated with variation in individual life-

history traits including fitness among humans living in pre-

industrial conditions [46,55]. The mating system was monoga-

mous. Divorce was forbidden, and so remarriage was permitted

only in the event of spousal death. Child mortality was high,

with only 62% of individuals in our sample surviving to age 15

(the youngest age of first reproduction recorded in this

population). During the study era, inheritance usually favoured

the firstborn son (rule of primogeniture), although inheritance
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practices varied in time and place [56]. In most parishes, the

firstborn son inherited the farm (but in the archipelago parishes,

the firstborn daughter could sometimes inherit the farm).

Concerning capital, cattle and personal property, all male

offspring were granted equal shares, while daughters received a

half share [57]. The firstborn son who inherited the farm was

obliged to pay his brothers and sisters their due, but the

compensation was often lower than the value of a share in the

farm and land. The bride’s dowry consisted of personal property

(e.g. tools, clothes, bed, chest), head of cattle (cows, sheep), and

money [58].

The study sample includes 2180 men and 2126 women (F1

generation) born between 1732 and 1882 to 716 mothers (P

generation). We recorded full life-history data (survival and

lifetime reproductive events) for all F1 individuals, and followed

their offspring (F2) until age 15. Birth-order from the mother’s

point of view was used to build the variable of interest, comprising

three categories: firstborns, middleborns and lastborns. Twins

were excluded from the sample, as were families of less than three

children because the middleborn resource handicap can only be

considered in families of three or more children (Fig 1) [22]. The

resulting sample of generation F1 (3,616 individuals) comprised

577 firstborns (310 males and 267 females), 2,459 middleborns

(1,260 males and 1,199 females), and 577 lastborns (274 males and

303 females). For intra-sex birth order analyses, the male

subsample (1509 men who had at least two brothers) comprised

350 firstborn sons, 809 middleborn sons, and 350 lastborn sons,

and the female subsample (1417 women who had at least two

sisters) comprised 344 firstborn daughters, 729 middleborn

daughters, and 344 lastborn daughters.

Statistical analyses used to address our questions were

conducted using SAS (SAS Institute Inc., release v. 9.1, 2002–

2003). In all analyses, the following variables were entered into a

model to control for potentially confounding sources of variation:

sex; mother’s age at birth; mother’s survival (age at mother’s

death); number of siblings; parental socio-economic status

(landowners vs. landless); geographic area (mainland vs. archipel-

ago); birth cohort (5 categories with 20 years blocks). In all models,

the identity of mothers was fitted as a random term to account for

the use of several offspring within families. Statistically significant

terms at the level of 0.05 were determined. Once the minimal

model was found, birth-order category (our term of interest) was

added and its significance determined. All biologically meaningful

two-way interactions involving birth-order (with sex, socio-

economic status, number of siblings, and maternal age) were also

tested but only included and reported here if statistically

significant.

The proportional response variables (probabilities of surviving

to adulthood and reproducing; survival probability of all children

produced) were analysed with Generalised Linear Mixed Model

(GLMM) where the response term was fitted to a binomial error

structure and a logit link function (using GENMOD function in

SAS). For binary response terms, binomial denominator was fixed

at 1. For the proportion of offspring surviving to adulthood, the

number of surviving offspring (LRS) was considered as the

response term with a variable binomial denominator equal to

the number of offspring born (fecundity). The count response

variables (LRS and fecundity) were analysed with GLMM where

the response term was fitted to a Poisson error structure and a

logarithm link function (using GENMOD function in SAS). The

continuous response variables (age at first and last reproduction,

length of birth intervals) were analysed with linear mixed-effects

models (LME, using MIXED function in SAS) with the response

terms being fitted to a normal error structure and Satterthwaite’s

formula being used to approximate the denominator degrees of

freedom of each fixed effect [59].

Probability of surviving to adulthood and reproducing
To determine whether birth-order affected survival probability

to adulthood (age 15), we included all individuals who died before

age 15 or were successfully followed at least until age 15 (3,583

individuals, 99% of our initial sample). For the probability of

reproducing, we restricted our analyses to individuals who

survived to age 15 and who had been successfully followed at

least until the age at which 90% of the individuals in the

population had already finished reproducing, if they were to ever

reproduce in their lifetime (age 50 for men and 44 for women). If

the individual disappeared after this age and had not reproduced

before, he/she was considered as having never reproduced. The

subset of individuals for which reproductive events were known

comprised 843 men and 913 women (77% of individuals who

survived to adulthood). These individuals did not differ from those

excluded from the sample in the proportions of first-, middle- and

lastborns (16%, 68% and 16% in both subsets).

Lifetime reproductive success (LRS)
LRS was measured as the lifetime number of F2 offspring raised

to 15 years. We restricted the sample to include only those

individuals who had been successfully followed at least until the

age at which 90% of the individuals in the population had already

finished reproducing (age 50 for men and 44 for women), for

which LRS is known, and who reproduced at least once (739 men

and 794 women).

Components of LRS
Two life-history traits will govern our measure of LRS: lifetime

fecundity (number of offspring born) and the survivorship of

offspring to adulthood. Lifetime fecundity was considered as a

count response term. The proportion of offspring surviving to age

15 was examined by considering LRS as a response term in a

GLMM with logit link function and a variable binomial

denominator equal to fecundity. For these analyses, we used the

same sample as for LRS.

Underlying life-history traits and probability of
landowning

We examined more specific life-history traits involved in LRS:

age at first reproduction, age at last reproduction, and average

inter-birth interval (i.e. length of reproductive life divided by the

number of children). For the analysis of inter-birth interval, we

used the sub-sample of individuals who reproduced at least twice

(694 men and 731 women). Finally, among men who survived to

adulthood, we investigated whether being a first-, middle- or

lastborn son influenced socio-economic status, i.e. whether they

owned a land. The sample of families with at least three sons, for

which both own and parental socio-economic status were known,

comprised 947 men.

Results

Probability of surviving to adulthood and reproducing
In our sample, 63.9% of F1 individuals survived to age 15 (63.3%

of boys and 64.4% of girls, N = 3,583). Survival was positively

associated with mother’s (P generation) survival (x2
1 = 10.43,

p = 0.001), and negatively associated with the number of siblings

(x2
1 = 18.52, p,0.0001). After controlling for these significant effects,

we found clear, although marginally non-significant, trend for
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differences between overall birth-order categories (all siblings of both

sexes considered) in their probability of surviving to adulthood, with

firstborns being disadvantaged, and lastborns having the best

chances of surviving (x2
2 = 5.76, p = 0.056; Figure 2a). The model

explained 13% of the variance.

When considering intra-sex birth-order, we did not find any

significant differences between first-, middle- and lastborn sons in

their probability of surviving to adulthood (respectively 62%63%,

63%62%, 68%63%; x2
2 = 2.66, p = 0.3), but we found that

firstborn daughters had a significantly reduced probability of

surviving to adulthood, as compared to their sisters (x2
2 = 6.48,

p = 0.04; Figure 2b), controlling for total number of siblings

(x2
1 = 13.56, p = 0.0002) and for mother’s survival (x2

1 = 5.17,

p = 0.02). The model explained 12% of the variance.

Of those F1 individuals who survived to adulthood and were

successfully followed until the end of potential reproductive life,

87.3% reproduced (87.7% of men and 87.0% of women,

N = 1,756). Table 1 provides the descriptive statistics of this data

subset split by sex and parental socio-economic status.

We found no evidence to suggest that probability of reproducing

in a lifetime depended on birth-order category among all siblings

(respectively 89%62%, 87%61%, 88%62%; x2
2 = 1.39, P = 0.5),

or among brothers only (respectively 87%63%, 86%62%,

88%63%; x2
2 = 0.23, P = 0.9), or among sisters only (respectively

90%63%, 86%62%, 87%63%; x2
2 = 1.42, P = 0.5).

Lifetime reproductive success (LRS)
Among F1 individuals who survived to age 15, who were

successfully followed until the end of their potential reproductive

life, and who reproduced at least once, the average LRS was

3.362.2 s.d., and the maximum was 11. LRS differed between

geographical areas (x2
1 = 13.30, p = 0.0003), and between cohorts

(x2
4 = 20.36, p = 0.0004). In this subset of individuals who did

reproduce, men had more children than women (x2
1 = 6.96,

p = 0.008). LRS was positively associated with P mother’s survival

(x2
1 = 10.90, p = 0.001). After controlling for these effects, we

found no evidence to suggest that LRS depended on birth-order

category among all siblings (x2
2 = 0.83, p = 0.7).

When considering intra-sex birth-order categories, we found

that first-, middle- and lastborn daughters did not differ for LRS

(2.960.2, 3.360.1, 3.360.2; x2
2 = 2.76, p = 0.3). However, first-,

middle- and lastborn sons did differ (x2
2 = 7.41, p = 0.02),

controlling for total number of siblings (x2
1 = 8.48, p = 0.004):

firstborn sons were strongly advantaged (Figure 3a). The model

explained 8.6% of the variance.

Table 1. Descriptive statistics of reproductive parameters of F1 individuals who survived to age 15 and were successfully followed
until the end of potential reproductive life, split by sex and parental socio-economic status (mean6s.d.).

SES Sex N Lifespan % Rep AFR ALR L. Fec. LRS

Own land M 531 53.1617.6 87.1% 28.065.7 40.568.4 5.263.4 3.262.3

F 519 58.2618.8 86.0% 26.365.0 38.265.6 4.863.2 3.062.3

Landless M 447 52.9618.7 88.4% 28.365.8 41.869.0 5.263.3 3.262.4

F 459 56.6619.0 88.1% 26.564.6 38.066.2 4.562.9 2.762.1

All M 978 53.0618.1 87.7% 28.265.8 41.168.7 5.263.3 3.262.3

F 978 57.5618.9 87.0% 26.464.8 38.165.9 4.763.1 2.962.2

(SES: parental socio-economic status; N: sample size; % Rep: probability of reproducing; AFR: age at first reproduction; ALR: age at last reproduction; L. Fec.: lifetime
fecundity; LRS: lifetime reproductive success).
doi:10.1371/journal.pone.0005680.t001

Figure 2. Probability of surviving to adulthood (age 15). (a) As a
function of overall birth-order category: the probability of surviving to
adulthood was marginally significantly influenced by whether an
individual was a firstborn, middleborn or lastborn among all offspring
(x2

2 = 5.76, p = 0.056). (b) As a function of intra-sex birth-order category
(among daughters): the probability of surviving to adulthood was
significantly influenced by whether a daughter was a firstborn,
middleborn or lastborn (x2

2 = 6.48, p = 0.04). Figures show predicted
values of the minimal model and error bars represent standard errors of
the means.
doi:10.1371/journal.pone.0005680.g002
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Components of LRS
Among F1 individuals who survived to age 15, who were

successfully followed until the end of their potential reproductive

life, and who reproduced at least once, the average lifetime

fecundity (number of children born) was in our sample 5.463.0

s.d. (N = 1,533) and the maximum was 16. Lifetime fecundity

differed between geographical areas (x2
1 = 39.69, p,0.0001) and

between birth-cohorts (x2
4 = 9.29, p = 0.05). In this subset of

individuals who did reproduce, men had more children than

women (x2
1 = 7.44, p = 0.006). Lifetime fecundity was also

positively associated with P mother’s survival (x2
1 = 12.86,

p = 0.0003) and with the number of siblings (x2
1 = 4.26,

p = 0.04). After controlling for these effects, we found no evidence

to suggest that lifetime fecundity was associated with overall birth-

order category (5.560.2, 5.460.1, 5.760.2; x2
2 = 0.88, p = 0.6).

However, when investigating the effect of intra-sex birth-order

categories, we found that firstborn sons produced significantly

more offspring than their brothers and that middleborn sons

produced the smallest number of offspring (x2
2 = 12.91, p = 0.002;

Figure 3b), controlling for area (x2
1 = 8.97, p = 0.003), total

number of siblings (x2
1 = 15.15, p,0.0001) and mother’s survival

(x2
1 = 6.54, p = 0.01). This model explained 17% of the variance.

Additionally, we found that when each adult son’s own socio-

economic status was included in the model (x2
1 = 2.64, p = 0.1),

this effect of intra-sex birth-order category on their fecundity was

still significant (x2
2 = 12.28, p = 0.002), suggesting that that the

favoured position of first-borns sons as the inheritors of the

parental land was not the sole reason for their higher lifetime

fecundity. No differences were found between sisters’ birth order

categories for fecundity (respectively 4.960.2, 5.260.2, 5.260.2;

x2
2 = 1.33, p = 0.5).

On average, 62% of offspring (F2) survived to adulthood

(N = 1,533). This percentage differed between geographical areas

(x2
1 = 6.08, p = 0.01), between birth-cohorts (x2

4 = 19.26,

p = 0.0007), and increased with socio-economic status

(x2
1 = 3.13, p = 0.07). In addition, it was negatively associated

with the number of siblings (x2
1 = 11.96, p = 0.0005). After

controlling for these effects, we found no evidence to suggest that

the proportion of an individual’s offspring surviving to adulthood

differed according to his/her overall birth-order categories in a

family (respectively 63%62%, 62%61%, 61%62%; x2
2 = 1.01,

p = 0.6) or intra-sex birth-order categories (among brothers:

respectively 60%62%, 61%62%, 61%62%; x2
2 = 0.16, p = 0.9;

among sisters: respectively 58%62%, 62%62%, 62%62%;

x2
2 = 1.80, p = 0.4).

Underlying life-history traits and probability of
landowning

The average age at first reproduction among F1 individuals

differed between men and women (F1,1439 = 48.88, p,0.0001; see

Table 1). Age at first reproduction also differed between

geographic areas (F1,1412 = 8.13, p = 0.005) and was positively

associated with maternal age (P generation) (F1,1471 = 5.98,

p = 0.01). After controlling for these effects, we found that age at

first reproduction did not significantly depend on overall birth-

order category (respectively 27.560.4, 27.460.2, 26.460.4;

F2,1415 = 2.60, p = 0.074). However, when considering intra-sex

birth-order categories, we did find that firstborn sons began

reproduction on average almost two years earlier than their

brothers (F2,560 = 6.54, p = 0.002; Figure 4a); in contrast, age at

first reproduction did not significantly differ among sisters

(respectively 26.260.4, 26.460.3, 25.960.4; F2,564 = 0.78,

p = 0.5).

The average age at last reproduction differed between men and

women (F1,1462 = 54.29, p,0.0001; see Table 1). Age at last

reproduction also differed between geographic areas

(F1,380 = 18.22, p,0.0001) and was positively associated with

mothers’ survival (F1,472 = 11.14, p = 0.0009). After controlling for

these effects, we found no evidence to suggest that age at last

reproduction depended on overall birth-order categories (respec-

tively 38.660.5, 39.460.2, 39.160.5; F2,1418 = 1.27, p = 0.3) or

intra-sex birth-order categories (among brothers: respectively

40.160.7, 40.560.5, 41.660.7; F2,563 = 1.23, p = 0.3; among

sisters: respectively 37.160.5, 38.060.4, 37.460.5; F2,574 = 1.24,

p = 0.3).

Finally, among individuals who reproduced at least twice,

average inter-birth interval (i.e. the length of reproductive life

divided by the number of children produced) differed between

birth cohorts (F4,887 = 2.83, p = 0.02) and depended on parental

socio-economic status (F1,448 = 6.22, p = 0.01), but we found no

difference between overall birth-order categories in a family

(respectively 2.2760.06, 2.3260.04, 2.3260.07; F2,1348 = 0.27,

p = 0.8 or between intra-sex birth-order categories (among

Figure 3. Reproductive success. (a) Lifetime reproductive success
(LRS: number of children raised to age 15) as a function of intra-sex
birth-order category (among sons): firstborn sons had the highest LRS,
as compared to their younger brothers (x2

2 = 5.26, p = 0.07). No such
effect was found among sisters (x2

2 = 1.60, p = 0.45, not shown in the
figure). (b) Lifetime fecundity (number of children produced) as a
function of intra-sex birth-order category (among sons): firstborn sons
had the highest fecundity, as compared to their younger brothers
(x2

2 = 12.91, p = 0.002). No such effect was found among sisters
(x2

2 = 1.33, p = 0.5, not shown in the figure). Figures show predicted
values of the minimal model, error bars represent standard errors of the
means and sample sizes are indicated at the bottom of the bars.
doi:10.1371/journal.pone.0005680.g003
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brothers: respectively 2.1860.09, 2.3360.06, 2.3760.09;

F2,500 = 1.38, p = 0.3; among sisters: respectively 2.3160.07,

2.3060.06, 2.2960.08; F2,530 = 0.02, p = 0.9).

Among men, own socio-economic status as an adult was

strongly positively associated with parental socio-economic status

(x2
1 = 131.08, p,0.0001). After controlling for this effect, we found

that intra-sex birth-order category also had a significant effect,

with firstborn sons being much more likely than their brothers to

become landowners (x2
2 = 26.47, p,0.0001; Figure 4b). This

model explained 23% of the variance.

Discussion

Parental investment has profound effects on offspring success

[3,4,60]. Given that parents accrue differential fitness benefits

from their offspring, parental investment (and particularly

differential investment) tactics are currently an expanding subject

of research in evolutionary ecology. Hertwig, Davis and Sulloway

provided a useful first step by offering a potential null hypothesis

against which observations of birth order effects on offspring

success can be compared [22]. Our study investigated, in humans,

differences between first-, middle- and lastborns using lifetime

fitness measures, while simultaneously controlling for maternal

age, total number of siblings and socio-economic status.

Hertwig et al. posit that all else being equal, differences in the

amount and quality of parental investment received by offspring

can arise even in the presence of an equity motive on the parents’

side: in families of three or more children, middleborns will receive

fewer resources due to competition with younger and elder siblings

[22]. When considering overall birth-order in a family, we found

no evidence for this idea despite using a large, detailed and

representative dataset of over 2000 families living in pre-industrial

Finland. Middleborn offspring did not have reduced probabilities

of surviving to adulthood or reproducing, or reduced lifetime

reproductive success. Indeed, they neither had reduced fecundity

nor gave rise to offspring with reduced survivorship. Given the fact

that (all else being equal) middleborns should be disadvantaged in

humans and that yet we found little supporting evidence for this, it

is likely that parents increase investment in middleborn offspring.

However, it should be noted that when considering birth-order

effects among males of the sibship, we found that middleborn sons

gave birth to fewer offspring, and showed a tendency to have a

lower LRS than their brothers. This was partly because they began

reproduction on average one year later than their brothers.

Middleborn daughters, within all the daughters of a sibship, did

not suffer similar costs as middleborn sons.

We found some evidence that parental inexperience negatively

influenced offspring survival to adulthood. Children who had the

lowest chances of surviving were firstborns. This was especially

true for firstborn daughters, who were less likely to survive than

their sisters. Firstborns are often born smaller in humans [61], and

birthweight is related to health in adulthood [37]. That we did not

find reduced fitness among firstborns suggests some degree of

compensatory investment following birth either directly through

(grand)parents or through sibling competition.

In fact, modelling resource allocation among different-aged

offspring indicates that, in nearly all circumstances, the evolution-

ary stable strategy is to bias investment toward older offspring

[21]. In line with this idea, primogeniture (first offspring

inheritance) is widespread in human populations [for a review,

see 38], and firstborns tend to end up in an advantaged position

during upbringing with regard to both health [29,62] and

educational achievement [34,63]. In accordance with this, our

results showed that firstborn sons were those who gave birth to the

largest numbers of offspring, and this is presumably because they

began reproduction earlier. This is likely mostly explained by their

higher access to resources: firstborn sons were more likely to

become landowners, and landownership is known to be related to

reduced ages at first marriage and reproduction in this population

[64]. These findings suggest that parental resources diminish over

time, in contrast to the model of Hertwig et al.

A further limitation of the Hertwig et al. model is that it fails to

consider the possibility that older brothers and older sisters are

likely to have, at least in some socio-ecological settings, a different

influence on their younger siblings’ fitness. For example, in rural

Gambia, children with any living sisters who were at least 10 years

older than the child had lower mortality rates, whereas the

presence of older brothers did not improve survival chances [42].

Among the Gabbra pastoralists, whereas the number of older

Figure 4. Firstborn sons start reproducing earlier, probably
due to their greater access to resources. (a) Age at first
reproduction as a function of intra-sex birth-order category: middleborn
sons began reproduction later than firstborn sons (F2,560 = 6.54,
p = 0.002). No such effect was found among sisters (F2,564 = 0.78,
p = 0.5, not shown in the figure). (b) Proportion of men who owned a
land among first-, middle- and lastborn sons: firstborn sons were twice
more likely to become landowners (x2

2 = 25.71, p,0.0001).
doi:10.1371/journal.pone.0005680.g004
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brothers had a negative effect on men’s reproductive success (as a

result of smaller initial wealth and later age at marriage), the total

number of sisters had a significant positive effect [41]. Similarly,

among the Kipsigis of Kenya, men’s reproductive success (number

of offspring surviving to 5 years) decreased with the number of

brothers and increased with the number of sisters [43]. Low [40]

showed that the number of elder brothers negatively correlated

with men’s number of offspring in 19th century Sweden. Finally,

using the same dataset as the present study, Rickard et al. [65,66]

have shown that offspring born after a brother have lower lifetime

reproductive success than those born after a sister. In line with

these findings, our analyses showed that intra-sex birth-order

affected fitness correlates in a different way among male and

female siblings. Firstly, being a firstborn son provided a

reproductive advantage, even though a firstborn son can be a

middleborn in the family as a whole. This is obviously the

consequence of wealth inheritance practices, as illustrated by the

fact that firstborn sons were more likely to own a land than other

men. We did not find evidence for such an advantage of firstborn

daughters. While firstborn men breed with a richer resource-base

than their younger brothers, this may not be true of females who

marry out of the family. Secondly, the probability of surviving to

adulthood was on average lower for firstborn daughters than for

other girls, even though this group comprises both firstborns and

middleborns in the family as a whole. The fact that, in contrast,

survival was not significantly reduced for firstborn sons could be

due to an increased effort made by parents to protect the life of

their first son, especially in his early years, because at that time he

is still the only son they have, and therefore the only potential

heritor of their wealth.

Finally, the Hertwig et al. model fails to take into account

differences in the timing of resource acquisition. In the ‘equal

investment’ model, the resources received for the first and last

birth rank are identical in quantity, but not in timing. For

example, consideration of the resources received during the first

two years of first- and lastborns in a family of four children

(Figure 1a), illustrates this point. This difference in the timing of

parental resource availability can be significant, for early

conditions can dictate a whole host of future characteristics

[60,67].

In conclusion, we have shown that birth-order category in the

sibship as a whole has little influence on fitness. By contrast, we

found that, among male offspring in this population, firstborn sons

had a significantly higher fitness than their brothers, and

middleborn sons tended to have the lowest fitness. These results

contrast with predictions of the ‘equal investment’ model [22],

indicating that mothers preferentially invest in certain offspring.

Future models which expand the ‘equal investment’ model to

include sex differences and diminishing parental resources will be

particularly valuable in providing predictive frameworks to studies

of parental investment in viviparous animals. Our results suggest

that resources acquisition by offspring in humans is not simply a

consequence of sibling competition, but that parents actively

provide extra resources to those offspring which are likely to be

under the greatest competition, or which are the greatest fitness

potential.
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50. Lahdenperä M, Lummaa V, Helle S, Tremblay M, Russell AF (2004) Fitness

benefits of prolonged post-reproductive lifespan in women. Nature 428:
178–181.

51. Luther G (1993) Suomen Tilastotoimen Historia vuoteen1970. Helsinki: WSOY.

52. Korpelainen H (2003) Human life histories and the demographic transition: a
case study from Finland, 1870–1949. American Journal of Physical Anthropol-

ogy 120: 384–390.
53. Pettay JE, Helle S, Jokela J, Lummaa V (2007) Natural Selection on Female Life-

History Traits in Relation to Socio-Economic Class in Pre-Industrial Human

Populations. PLoS ONE 2: e606.
54. Gillespie DOS, Russell AF, Lummaa V (2008) When fecundity does not equal

fitness: evidence of an offspring quantity versus quality trade-off in pre-industrial
humans. Proceeding of the Royal Society of London B 275: 713–722.

55. Korpelainen H (2000) Fitness, reproduction and longevity among European
aristocratic and rural Finnish families in the 1700s and 1800s. Proceeding of the

Royal Society of London B 267: 1765–1770.

56. Moring B (1993) Household and Family in Finnish Coastal Societies 1635–1895.
Journal of Family History 18: 395–414.

57. Moring B (2003) Nordic family patterns and the North-West European
household system. Continuity and Change 18: 77–109.

58. Moring B (1996) Marriage and social change in South-Western Finland, 1700–

1870. Continuity and Change 11: 91–113.
59. Littell RC, Milliken GA, Stroup WW, Wolfinger RD (1996) SAS System for

Mixed Models. Cary: SAS Institute Inc.
60. Lummaa V, Clutton-Brock T (2002) Early development, survival and

reproduction in humans. Trends in Ecology and Evolution 17: 141–147.
61. Magnus P, Berg K, Bjérkedal T (1985) The association of parity and birth

weight: testing the sensitization hypothesis. Early Human Development 12:

49–54.
62. Elliott BA (1992) Birth order and health: Major issues. Social Science &

Medicine 35: 443–452.
63. Belmont L, Marolla FA (1973) Birth order, family size, and intelligence. Science

182: 1096–1101.

64. Pettay JE, Helle S, Jokela J, Lummaa V (2007) Wealth class-specific natural
selection on female life-history traits in historical human populations. PLOS One

2(7): e606.
65. Rickard IJ, Russell AF, Lummaa V (2007) Producing sons reduces lifetime

reproductive success of subsequent offspring in pre-industrial Finns. Proceedings
of the Royal Society of London, Series B 274: 2981–2988.

66. Rickard IJ, Lummaa V, Russell AF (2008) Elder brothers affect the life history of

younger siblings in preindustrial humans: Social consequences or biological cost?
Evolution and Human Behavior; in press.

67. Barker DJP (1995) The Fetal Origins of Adult Disease. Proceeding of the Royal
Society of London B 262: 37–43.

Birth Order Effects in Humans

PLoS ONE | www.plosone.org 9 May 2009 | Volume 4 | Issue 5 | e5680



 



 

 

Article 7 



 



Phil. Trans. R. Soc. B (2009) 364, 881–894

doi:10.1098/rstb.2008.0235

Published online 5 December 2008

 on 31 March 2009rstb.royalsocietypublishing.orgDownloaded from 
Review

Why are some people left-handed? An
evolutionary perspective
V. Llaurens1,*, M. Raymond1 and C. Faurie1,2
One con
of brain

*Autho
1Institut des Sciences de l’Evolution de Montpellier (UMR CNRS 5554 ), Université de Montpellier II,
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Since prehistoric times, left-handed individuals have been ubiquitous in human populations,
exhibiting geographical frequency variations. Evolutionary explanations have been proposed for
the persistence of the handedness polymorphism. Left-handedness could be favoured by negative
frequency-dependent selection. Data have suggested that left-handedness, as the rare hand
preference, could represent an important strategic advantage in fighting interactions. However, the
fact that left-handedness occurs at a low frequency indicates that some evolutionary costs could
be associated with left-handedness. Overall, the evolutionary dynamics of this polymorphism are
not fully understood. Here, we review the abundant literature available regarding the possible
mechanisms and consequences of left-handedness. We point out that hand preference is heritable,
and report how hand preference is influenced by genetic, hormonal, developmental and cultural
factors. We review the available information on potential fitness costs and benefits acting as selective
forces on the proportion of left-handers. Thus, evolutionary perspectives on the persistence of this
polymorphism in humans are gathered for the first time, highlighting the necessity for an assessment
of fitness differences between right- and left-handers.

Keywords: handedness; polymorphism; human
1. INTRODUCTION
The aim of this review is to identify the evolutionary

forces involved in human handedness. Two main

questions are critical to improve our understanding

of the evolution of human handedness: (i) why is

hand use asymmetric (i.e. why do individuals show

a preference for one hand in most manual tasks)? and

(ii) why is hand use asymmetry polymorphic (i.e. why

do some individuals prefer the left hand and some the

right for a similar task)? Most research on handedness

has focused on the intersection of these two questions,

namely, why are humans right-handed? As

a consequence, the debate on the origin and under-

standing of handedness has been partially obscured, as

left-handedness was historically considered as an

anomalous or pathological case, thus ignoring the

relatively high proportion of left-handers within

human populations.

Previously, asymmetric hand use has been studied

extensively. Corballis (2003) suggested that the

evolution of human speech implied an association

between speech and gesture, and thus brain lateraliza-

tion for speech may be responsible for asymmetric hand

use. This evolutionary explanation was further elabo-

rated by Vallortigara & Rogers (2005) who evaluated
tribution of 14 to a Theme Issue ‘Mechanisms and functions
and behavioural asymmetries’.
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the costs and benefits of brain asymmetry. The aim of
the present review is to clarify the question of the
asymmetric hand use polymorphism in humans.

Many diverse studies on left-handedness have been
conducted by researchers from various fields such as
medicine, neurology and psychology. Although some
data remain controversial, several hormonal, cultural
and developmental factors have been found to be
associated with handedness. Here, we attempt to
review the information available on both proximal
and ultimate aspects of handedness in humans to
identify the evolutionary mechanism of the persistence
of left-handers.
2. RIGHT AND LEFT HAND USE IN HUMAN
POPULATIONS
To understand the evolutionary processes implied in
handedness, it is first necessary to have a clear idea of
the historical and geographical variation of this trait.

(a) Hand preference assessment

Handedness measures are based on hand use pre-
ference or hand performance (McManus 1996).
However, there are no two clear categories such as
left- and right-handers. For a given manual action,
each individual shows a preference for the use of one
hand, and it is not always the same hand for two
different actions (Salmaso & Longoni 1985). This
suggests that right- or left-handers are not general
This journal is q 2008 The Royal Society
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categories, but rather are defined as a function of the
tasks. When the tasks considered are highly skilled and
complex, and the individuals tested are specialized in
these tasks, there is a very strong correlation between
the different tasks (Bryden 1977; Wood & Aggleton
1989; Connolly & Bishop 1992; Marchant et al. 1995;
Marchant & McGrew 1998). To study handedness
variations in humans, it is important to choose tasks
that are typical tasks among human populations from
different cultures. Thus, some tasks commonly used in
Western societies to measure handedness, such as
writing or teeth brushing, are meaningless in other
cultures. Hand preference for some tasks could also be
modified by social or religious influence. For example,
Teng et al. (1976) observed in China a strong social
pressure for right-handed writing and eating, which has
drastically decreased the proportion of left-handers for
these tasks compared with other tasks.

Thus, the tasks chosen to measure handedness
should be logically related to the biological hypothesis
tested. For example, if one wants to assess handedness
in the context of the hypothesis of a frequency-
dependent advantage of left-handers in fights, tasks
should be related to fighting actions. If the aim is to
examine brain lateralization related to language,
writing handedness is more relevant. Therefore,
despite the complexity of the phenomenon, the
biological causes for left- and right-handers still make
sense under some circumstances.

(b) Handedness in the past

Handedness in ancient humans has been inferred by
analysis of archaeological samples from skeletons,
stone tools and various other artefacts (see Steele &
Uomini (2005) for a review). By studying arm bone
length, Trinkaus et al. (1994) observed a prevalence of
right hand dominance in Neanderthal skeleton samples
(dating from approx. 35 000 BP). For some tools,
modern replication has shown that handedness con-
ditioned the pattern of knapping scatters and that it is
thus possible to infer the laterality of the tool maker
by studying ancient tools (Rugg & Mullane 2001).
A handedness polymorphism, with a majority of right-
handers, has been inferred from tools dating from
300 000 to 400 000 BP. Data from tool shape or wear,
which both reflect tool use, also allowed inferences on
ancient human handedness. Phillipson (1997) recon-
structed grip types on hand axes and cleavers dating
from approximately 1 Myr ago, and also observed a
majority of right users. However, it is a possibility that
these estimations could have been modified by the use
of these same tools by different individuals.

Dental marks have also been used to infer hand
use for cutting food with a stone tool. These data
suggest that the handedness polymorphism existed in
Neanderthals (Bermùdez de Castro et al. 1988; Fox &
Frayer 1997). Again, for this task, right-handers
outnumbered left-handers. However, these could be
biased by dietary or post-mortem marks.

Negative hands painted in caves during the Upper
Palaeolithic in Western Europe, or more recently
elsewhere in the world, could also be informative on
the handedness of the painter. In all cases, both
right and left hands are found, with a higher
Phil. Trans. R. Soc. B (2009)
prevalence of left hands, indicating a higher propor-
tion of right-handers for this task (for a review see
Steele & Uomini 2005).

Human representations in artistic samples were also
used to track the handedness of artists, or the
handedness of individuals depicted by artists. For the
handedness of artists, Perello (1970) showed that
representations differ between right- and left-handers
and by studying painting from prehistoric caves (e.g.
Altamira Cave, 14 000–18 500 BP), he inferred that
handedness should be polymorphic. These methods
could be reliable if the characteristic left-hander’s
marks on painting or engraving were formally tested
on modern humans. Another approach consists of
studying the handedness of the individual’s depicted
(e.g. Spennemann 1984). However, these methods are
more problematic, as it has not been shown that
handedness frequency in art reflects reality. In addition,
there are known biases in the depiction of handedness,
at the cultural, religious and aesthetic levels (Needham
1973; Faurie & Raymond 2004). Thus, the use of these
data requires further study.

However, all the above-described studies clearly
show a polymorphism of hand use in Hominid
populations during prehistoric and historic times,
with an overall dominance of right-handers. The
polymorphism thus seems to have persisted over
significant evolutionary time, suggesting that selection
may play an important role in the persistence of this
diversity. Another indication of selection pressures is
provided by the study of the variation of the frequencies
of right- and left-handers throughout the world.

(c) Geographical variation

The diversity of the tasks used to test handedness
introduced complications in comparing hand prefer-
ence across populations. When only one task is
considered, there is still substantial geographical
variation. Raymond & Pontier (2004) reviewed 81
studies on handedness that examined throwing or
hammering in 14 countries in America, Africa, Europe,
Asia and Australia and found a range of 5–25.9%,
suggesting an important geographical variation in hand
preference. Such geographical variations have also been
observed for writing hand preference: in a survey of
12 000 subjects from 17 countries, 2.5–12.8% were
left-handed for writing (Perelle & Ehrman 1994), and
among seven ethnic groups based on 255 100 answers
to a BBC internet study 7–11.8% were left-handed
(Peters et al. 2006). Studies on traditional societies
tend to show a similar range of variations. Faurie et al.
(2005b) found a range of left-hander frequencies
between 3.3 and 26.9% across eight societies.

The frequency of left-handedness thus seems to be
variable among human populations, left-handers being
always at a lower frequency than right-handers. More-
over, in most populations studied, the proportion of
left-handers among women was lower than in men
(reviewed in Raymond & Pontier 2004), suggesting
an important influence of sex in the determinism of
hand preference.

This polymorphism is thus present in every human
population studied, suggesting that evolutionary
mechanisms should be involved in its persistence.

http://rstb.royalsocietypublishing.org/


Table 1. Frequency of left-handers in families, according to
maternal/paternal handedness and the sex of the offspring.
(Combined results, adapted from McManus (1991). Num-
bers in parentheses indicate sample sizes (total 64 582).
L, left; R, right.)
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However, for selection to take place, hand laterality
should be a heritable trait. Thus, in the following
sections, we review the determinism and transmission
of hand preference in humans. The exact mechanisms
have not yet been clearly characterized, but several
influential factors have been identified.
parental handedness left-handed offspring

father mother sons daughters

R R 10.4% (30 268) 8.5% (26 020)
R L 22.1% (1815) 21.7% (1688)
L R 18.2% (2308) 15.3% (2100)
L L 27.0% (215) 21.4% (168)

Table 2. Frequency of left-handed writers in families,
according to maternal/paternal handedness and the sex of the
offspring. (Adapted from McKeever (2000). Numbers in
parentheses indicate sample sizes (total 2632). L, left; R, right.)

parental handedness left-handed offspring

father mother sons daughters

R R 16.97% (3329) 16.39% (3666)
R L 25.29% (340) 21.52% (395)
L R 15.45% (382) 20.51% (429)
L L 37.14% (35) 44.83% (29)
3. GENETIC FACTORS
(a) Handedness in families

The study of handedness in families is a first attempt to
characterize the mechanism involved, since it allows
assessment of the transmission of this trait across
generations. Tables 1 and 2 show a clear familial effect
upon handedness. Two right-handed parents produce
fewer left-handed offspring than parents with any
other handedness combination and two left-handed
parents produce the highest proportion of left-handed
children, i.e. approximately 30–40% (McManus 1991;
McKeever 2000). This suggests that hand preference
could be transmitted by parents to their children, either
at a genetic or learning level.

There is a higher prevalence of left-handedness in
children of right-handed men and left-handed women
(RxL mating) than left-handed men and right-handed
women (LxR matings) (Annett 1973; Ashton 1982;
Spiegler & Yeni-Komshian 1983; Risch & Pringle
1985; McManus 1991), thus suggesting stronger
maternal effects on offspring handedness. Such a
finding could result from a sex-linked genetic effect,
or from a greater social influence likely to be exerted
by the mother on the child. Note that McKeever
(2000) observed this maternal effect only for sons,
not daughters and also observed a paternal effect
for daughters, but not sons. This would be consistent
with an X-linked genetic determinism of handedness.
Published heritability estimates for handedness range
from 0.23 to 0.66 (Hicks & Kinsbourne 1976;
Longstreth 1980; Porac & Coren 1981; Annett
1985; Risch & Pringle 1985; McManus & Bryden
1991; McKeever 2000; Warren et al. 2006). Some
results of sex-specific heritability estimates are pre-
sented in table 3.

The fact that handedness runs in families is not
convincing evidence of a genetic component, since
parents also transmit a particular environment to their
offspring. The transmission of genes can be distin-
guished from the transmission of environment by
means of adoption studies. Unfortunately, there have
been few such studies of handedness, where adoption
had taken place early enough (before the age at which
the direction of children’s handedness is established).
Carter-Saltzman (1980) showed that handedness of
adopted children has no similarity with their adoptive
parents, whereas the handedness of a control group
showed a significant correlation with their biological
parents. The same pattern was observed by Saudino &
McManus (1998), although the sample size was again
too small to distinguish properly between genetic and
environmental components of variance.

The study of twins could clarify the relative
contribution of genetic and environmental factors.
Monozygotic twin pairs are significantly more likely
to be concordant for handedness than dizygotic pairs
Phil. Trans. R. Soc. B (2009)
(Sicotte et al. 1999). Table 4 shows that dizygotic twins
do not differ from binomial expectations in their hand
preference, whereas monozygotic twins show more
concordance than would be expected by chance. These
data therefore suggest that there is a genetic contri-
bution to handedness. However, discordance of
handedness among monozygotic twins also raises the
question of cultural influence on hand preference. Even
if the genetic and cultural contributions to transmission
of hand preference are not fully determined, these
results provide convincing evidence for a significant
heritability, allowing the action of natural selection on
this trait.

(b) Genetic models of handedness

Some authors have developed completely non-genetic
theories for the determinism of side preferences (e.g.
Morgan & Corballis 1978; Provins 1997). However,
there is extensive evidence against these theories. These
theories are beyond the scope of this review.

Several authors have tried to build genetic models to
account for the transmission patterns observed. Three
major problems have arisen for determining a genetic
aetiology of handedness: (i) cultural biases influence
the practice of hand usage, (ii) despite identical
genotypes, approximately 18 per cent of monozygotic
twins are discordant for handedness and (iii) only
30–40% of children from LxL couples are left-handed.
Models of handedness generally assume a genetic basis
to both laterality and hemispheric asymmetry (Levy &
Nagylaki 1972; Annett 1985; McManus 1991).
Conventional Mendelian genetic models fail to fit the
data. An important and influential study modified
the conception of asymmetrical development: by
breeding inbred strains of mice, Layton (1976) showed
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Table 3. Sex-specific estimates of handedness heritability in three studies on UK university students. (Hull University (studies 1
and 2) and Open University (study 3). Left-handedness criterion: writing hand (studies 1 and 3) left hand preference for any one
out of the 12 items (study 2). Data from Annett (1973, 1978).)

parent
father mother

sex of offspring male female male female

study 1 2 3 1 2 3 1 2 3 1 2 3
h2 (%) 17.4 16.8 — 3.5 31.9 — 56.6 42.3 79.2 51.1 58.3 46.5

Table 4. Number of different handedness combinations in
monozygotic and same sex dizygotic twins. (Combined
results, adapted from McManus (1991). L, left; R, right.)

handedness monozygotic dizygotic

R–R 2184 1951
R–L 629 585
L–L 87 53
observed/expected discordant

pairs (%)
90.1 99.3
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that in mice carrying a recessive allele known as the iv
mutation in homozygous form, exactly half of the mice
presented situs inversus, i.e. a reverse disposal of organs
within the body. The iv mutation was thus responsible
for a random right–left disposal of organs. This random
genetic factor had a strong influence on subsequent
models of genetic determinism of handedness.

Causal models involving a single gene with major
effects have been proposed, most influentially Annett’s
‘right shift theory’ and McManus’ model, which are
based on a single hypothesized gene with two alleles.
Such models have to include a significant role for
chance factors during development, setting a 50
per cent threshold on the possible prevalence of left-
handedness in any population, to explain the low rates
of left-handedness in the children of two left-handed
parents and to solve the problem of the occurrence of
monozygotic twins discordant for handedness. A few
other simple genetic models have been proposed such
as the X-linked three alleles model (McKeever 2004)
or the random-recessive model (Klar 2003). Never-
theless, there are a number of observed associations
that are difficult to accommodate within any simple
genetic model. Segregation analysis of hand preference
and hand use on 1818 nuclear Hawaii families failed to
fit any fully genetic model of handedness determinism
and suggested that handedness phenotypic variation
could be 10–20% explained by genetic causes and
80–90% environmental (Ashton 1980). The failure of
these simple genetic models to fit the data indicates that
the genetic determinism of handedness is not simple
and may imply several genes or other unidentified factors.
(c) Molecular studies

Genome-wide approaches have identified a few regions
that could possibly be implied in handedness. Using 14
markers distributed on the X chromosome in 180 pairs
of left-handed brothers, Laval et al. (1998) suggested
linkage between one marker on the X chromosome
(Xq21) and relative hand skill measured by ques-
tionnaire and the Annett Peg board test (Annett 1994).
Phil. Trans. R. Soc. B (2009)
The first genome-wide screen was performed by
Francks et al. (2002) who carried out a study on 195
reading-disabled sibling pairs by using 401 markers.
They identified two putative quantitative trait loci
(QTLs) for relative hand skill (Peg board test) on
chromosome regions 2p11.2–12 and 17p11–q23. The
QTL located at 2p12–q11 was further confirmed in a
study of left-handed brothers (Francks et al. 2003a)
and showed a parent-of-origin effect (Francks et al.
2003b). In a study of 25 Australian nuclear families,
Van Agtmael et al. (2003) found genetic linkage for
handedness on chromosome region 10q26 using a
laterality quotient computed from questionnaires. In
584 Mexican–Americans, Warren et al. (2006) ident-
ified a linkage signal for drawing and writing handed-
ness, assessed by questionnaire, within chromosome
region 12q21–23. Genomic regions identified to
be linked to handedness differed among studies,
probably due to differences in the measurement
of handedness. This suggests that several genes
could influence handedness. Therefore, large studies
with better genome coverage are needed to clearly
identify the genes implied in relative hand skills and
hand preferences.

Empirical studies, as well as family studies, have thus
shown that hand preference has an important genetic
component. To further identify the selection pressures
involved in this trait, we have also focused on the
environmental factors that have been shown to have a
substantial influence on handedness.
4. DEVELOPMENTAL FACTORS
There are several developmental factors implied in
handedness in humans. The existence of associations
between left-handedness and various health problems
have often led to a distinction being made between
pathological left-handedness, which would arise from
developmental stresses and familial left-handedness,
which would be due to genotype (Harris & Carlson
1988). This hypothesis considered that some people
are left-handed because they have suffered different
types of pathology. The explanation of Satz et al. (1985)
for the increased (often twofold) frequency of left-
handers in clinical populations with central nervous
system disorders (e.g. schizophrenia, epilepsy, mental
retardation or learning disabilities) was based on the
claim that early brain insult may cause the individual to
switch to the opposite hand for unimanual activities.
Thereby, markers of any stressor or pathological factor
disrupting normal development and inducing a switch
in hand preference, regardless of mechanism, would be
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expected to show itself in a higher percentage of left-
handedness (Coren & Halpern 1991).

(a) In utero environment

Lateralized behaviour seemed to be expressed in early
developmental stage and could thus be influenced by
the in utero environment. At 9–10 weeks, the foetus
begins to exhibit single arm movements: a majority
(75%, nZ72) exhibited a greater number of right arm
movements, 12.5 per cent a greater number of left arm
movements, and 12.5 per cent an equal number of left
and right arm movements (Hepper et al. 1998). Similar
results were also observed for foetuses from 12 to
27 weeks (McCartney & Hepper 1999). From 15
weeks of gestation, the foetus exhibits a preference for
sucking its right thumb (Hepper et al. 1991) and the
sucking behaviour at foetal state is related to hand
preference at a later age (10–12 years; Hepper et al.
2005). From 38 weeks of gestation, the foetus shows a
preference for having its head turned to the right
relative to its body (Ververs et al. 1994).

Hormonal factors associated with the intrauterine
environment are a proposed source of development
of left-handedness (Geschwind & Galaburda 1985a–c).
This theory is based on the assumption that prenatal
sex hormones exert powerful influences on the central
nervous system of the developing foetus. Specifically,
high levels of testosterone during foetal development
or heightened sensitivity to these prenatal hormones
will disrupt neural development, causing a number
of physiological changes, and also result in an increased
likelihood of anomalous dominance, i.e. left-handedness
and/or weak lateralization (Geschwind & Behan 1982;
McManus & Bryden 1991). It has been hypothesized
that the left hemisphere matures later than the right,
so that it is at risk for a longer period of time, and
therefore more likely to be affected by an adverse
environment. High levels of prenatal testosterone
would slow neuronal growth in the left hemisphere,
hence weakening its relative control. This theory does
not exclude genetic hypotheses, as testosterone levels in
utero have a genetic component (Manning et al. 2000a).

According to the Geschwind–Behan–Galaburda
theory, dyslexia, immune disorders and left-handedness
are thought to share a common underlying factor: an
elevated level of prenatal testosterone, which acts
independently on both the thymus and the brain in the
embryo. It also favours compensatory mechanisms,
which may explain specific high talents associated with
left-handedness (McManus & Bryden 1991).

Testosterone retards the growth of structures
involved in immunity, such as the bursa of Fabricius in
the chick embryo and post-natally, the thymus gland in
the rat (McManus & Bryden 1991). Retardation of the
immune system increases susceptibility to immune
disorders, such as atopic disorders of childhood
(asthma, eczema, hay fever). Numerous case control
studies were performed to test the association between
handedness and immune disorders. Populations of
patients affected by an immune disorder (such as
immune thyroid or gastrointestinal tract disorder, type
I diabetes, Crohn’s disease, ulcerative colitis, allergy,
etc.) were compared with a control population for their
handedness, which was affected with a related disorder
Phil. Trans. R. Soc. B (2009)
of non-immune origin. High testosterone levels also
seem to be associated with birth complications and
birth stress (McManus & Bryden 1991). The corre-
lations between left-handedness and various diseases
are unclear, as positive (Searleman & Fugagli 1987;
Smith 1987; Tonnessen et al. 1993) and negative
(Pennington et al. 1987) results were both published.
Studies in the general population also have led to
contradictory results. The Geschwind and Galaburda
model therefore remains controversial.

It is difficult to directly test for the effect of prenatal
testosterone in humans. However, Manning et al.
(1998) have shown that the ratio of the length of the
second and fourth digits (2D and 4D) in right hands is
negatively correlated with adult testosterone levels in
men. As digit ratios are fixed in utero it may be that the
2D : 4D ratio is associated with prenatal testosterone.
Manning et al. (2000b) also examined the relationship
between relative hand skill (left hand skill–right hand
skill) and the 2D : 4D ratio in children. The difference
in 2D : 4D ratio between the two hands (left hand
ratio–right hand ratio) showed a strong relationship
with relative hand skill: a high ratio for the left hand
together with a low ratio for the right hand correlated
with a higher left hand performance. Furthermore,
Medland et al. (2005) showed that the number of CAG
repeats in an androgen receptor located on the
X-chromosome explained 24 per cent of the genetic
variance of handedness (i.e. 6 and 10% of the total
variance for females and males, respectively). This
suggested that sensitivity to androgen hormonal
sensitivity to could be involved in handedness. The
influence of the in utero environment could thus result
from heritable factors such as maternal or foetal
hormonal secretion or sensitivity.

(b) Developmental instability in early

foetal development

Based on polygenetic inheritance of factors that
influence development, another approach suggesting
that developmental instability underlies variation in
handedness has been considered. Yeo & Gangestad
(1993) presented two studies in which they observed an
increased incidence of minor physical anomalies and
fluctuating asymmetries (classic markers of develop-
mental instability) in both left-handers and extreme
right-handers. They reported evidence that the
minimum developmental instability is near the median
of the distribution for relative hand skill. They also
successfully predicted that extreme right-handers are
more apt to have left-handed parents than moderate
right-handers, because they possess genotypes predis-
posed to developmental instability (Gangestad & Yeo
1997). They suggested that deviation from moderate
right-handedness reflects imprecise expression of
the developmental design due to developmental
instability. Consistent with this, Galaburda (1991)
noted that left-handers show greater brain symmetry
and more reversed asymmetry than right-handers.
Yeo & Gangestad (1993) suggested that individuals
vary only in the genes that determine the precision with
which a design for moderate right-handedness is
expressed. No brain damage is hypothesized, only
regional variations in foetal growth rates. Moreover,
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their observations suggest that polygenic homozygosity,
some particular human leukocyte antigen alleles, and
the lack of pathogen resistance may be important factors
underlying developmental instability. This develop-
mental instability could thus have a genetic basis.

Left-handedness has been reported to be common
in a variety of disorders that presumably reflect
developmental abnormality. These include neural
tube defects, autism (Dane & Balci 2007), psycho-
pathy, cleft palate syndrome, stuttering (Dellatolas
et al. 1990) and schizophrenia (Yeo & Gangestad
1993). However, it should be noted that negative
results have also been reported (Bishop 1990). Coren &
Searleman (1987) suggested that if an individual has
been subjected to a birth stressor or an atypical
intrauterine environment, and if the stressor is mild
enough, left-handedness might just be a behavioural
marker linked to a syndrome caused by minor
abnormalities in neurological development.

(c) Birth stress

According to Bakan (1971), left-handedness results
from perinatal left hemisphere neurological damage,
due to an oxygen deficiency induced by birth stress
(e.g. premature birth, prolonged labour, Rhesus
incompatibility, breech delivery, multiple birth, respir-
atory distress syndrome, primiparity, maternal age). He
argues that the change in hand preference may be a
residual effect of birth trauma. He presents evidence
that hypoxia is more common in difficult births and
that the left hemisphere is more vulnerable to the effects
of hypoxia than the right (Bakan et al. 1973). Indeed,
there is an excess of left-handers in babies with a history
of birth stress (Schwartz 1988; Williams et al. 1992),
and in individuals with neurological impairments of
diverse kinds. However, several reports failed to
support this hypothesis (Hicks & Beveridge 1978;
Hicks et al. 1978, 1979; Annett & Ockwell 1980;
Coren & Porac 1980; Dusek & Hicks 1980; McManus
1981; Ashton 1982; Searleman et al. 1989).

Coren & Porac (1980) found a higher average age for
the mothers of left-handed children and Smart et al.
(1980) observed more left-handed than right-handed
children for primiparous mothers aged 39 years or
older. However, negative findings were also reported
concerning maternal age (McManus 1981; Ashton
1982; Peters & Perry 1991). Twins, regardless of
zygosity, have an elevated rate of left-handedness
compared with singletons (Sicotte et al. 1999; Williams
et al. 1992). This could be due to particular in utero
conditions encountered in multiple birth pregnancies.

(d) Birth weight

It has been proposed that birth weight and its
consequences may be the unifying causal factor
of ‘pathological left-handedness’ (D. Nettle 2003,
unpublished data, Newcastle University). Low birth
weight is associated with perinatal complications,
neurological problems and a number of adult path-
ologies. There is evidence for an excess of left-
handedness among extremely low birth weight babies
(O’Callaghan et al. 1987; Powls et al. 1996).

Low birth weight could play a key role in the
health problems associated with left-handedness. The
Phil. Trans. R. Soc. B (2009)
mechanism that has been proposed most frequently to
explain an association between left-handedness and
low birth weight involves early brain damage. Indeed
low birth weight greatly increases the risk of early brain
damage (Stewart et al. 1999). An alternative possibility
is that foetal brain development is interrupted by birth
(O’Callaghan et al. 1987). Thus, small or premature
babies would have reached a different stage of cortical
growth than heavier or full-term ones. Specifically,
posterior left hemisphere structures such as the planum
temporale tend to be larger than their counterparts on
the right in right-handers, whereas in left-handers,
these posterior asymmetries are more often absent
(Habib et al. 1995). Structural asymmetries of the
brain appear in utero (Chi et al. 1977), and are
statistically related to hand preference (Beaton 1997),
although this relationship between brain asymmetries
and handedness is not strict.

If there really are two distinct groups of left-handers,
one of pathological origin due to low birth weight, and
another of familial origin, then there should be a
tendency for bimodality in the birth weight distribution
of left-handers. This predicts a lower overall birth
weight for left-handers and a greater variance in birth
weight for left-handed as opposed to right-handed
individuals that should be investigated.

Although developmental and perinatal problems can
be partly due to environmental conditions, they are
significantly heritable (e.g. Cai et al. (2007) for birth
weight or Moller & Thornhill (1997) for developmental
instability), indicating a genetic contribution. Their
link with left-handedness therefore represents a
negative selection pressure.
5. CULTURAL INFLUENCE
Environmental factors could also exert selection forces
on left-handers. Laland et al. (1995) criticized the fact
that none of the most often cited models of handedness
incorporate cultural influences on handedness, despite
widespread evidence of their importance. Attitudes
towards left-handedness vary from one culture to
another (Needham 1973; Teng et al. 1976; Harris
1992; Bryden et al. 1993; Mandal et al. 1999). Cultural
and environmental factors could change hand pre-
ference in three ways, which correspond to different
degrees and types of pressure by: (i) changing the hand
used for some activities (e.g. writing, eating), with
no change for other unimanual activities, (ii) reducing
the degree of hand preference, when weak pressure
applies to all hand actions, or (iii) changing the
overall preferred hand, when strong pressure applies
to all hand actions.

(i) Dellatolas et al. (1988) observed an increase in
the frequency of left hand use for writing in
France (‘generation’ effect), showing clearly that
the educational attitude towards left hand
writing has significantly changed in France
during the second half of the twentieth century.
The same phenomenon has been observed in
other countries (e.g. Italy: Salmaso & Longoni
1985; Brazil: Berdel Martin & Barbosa Freitas
2003). Studies of school children in China and
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Taiwan have found that only 3.5 and 0.7% used
their left hand for writing (Teng et al. 1976).
This contrasts with a 6.5 per cent figure for
Asian school children living in the United States,
where cultural pressures have been reduced
(Hardyck et al. 1976). In two African countries
(Ivory Coast and Sudan), the target activity
against left hand use was eating and there
remains strong cultural pressure for this activity
(De Agostini et al. 1997). In Japan, the
proportion using the left hand for writing and
eating are only 0.7 and 1.7%, respectively
(Shimizu & Endo 1983), again suggesting strong
cultural pressures. Coren (1992) reported a
reduction of the degree of hand preference as a
consequence of environmental influences: sub-
jects who reported attempts to change handed-
ness (by parents, teachers) could switch their
hand preference for the targeted tasks. However,
he also noted that this cultural influence on one
particular task (e.g. writing or eating) did not
condition hand preference for other tasks.

(ii) De Agostini et al. (1997) showed that the
proportion of subjects with weak handedness is
higher among those who reported earlier injuries
causing a temporary shift of hand use. Bryden
et al. (1993) also observed that positive
reinforcement for right hand use can modify
patterns of handedness, and alter the relation-
ships among different handedness tasks.

(iii) Bryden et al. (1993) suggested that the Tucano
of Amazonia successfully modify preference at
an early age through positive reinforcement, and
that this switched preference is manifested in all
unimanual activities.

Mikheev et al. (2002) have found that highly
qualified right-handed judo wrestlers more frequently
preferred to perform certain judo movements with the
left hand than right-handed controls. They suggest that
during motor skill acquisitions (long-term judo train-
ing), lateral preferences are modified though neuro-
plastic development. However, an alternative
hypothesis to consider is that less asymmetry is
advantageous in judo and so that individuals with
low asymmetry are more likely to become qualified
judo wrestlers.

Genetic, developmental and environmental com-
ponents have been identified be involved in hand
preference determinism. Hand preference has been
shown to be heritable and variable across populations,
suggesting that evolutionary processes are acting on
this trait.
6. EVOLUTIONARY FORCES ACTING ON THE
POLYMORPHISM OF HANDEDNESS
The variation in morph frequencies for a given trait
is essential to characterize the selective forces involved.
A polymorphism maintained in all populations of a
given species is a rare case. It can happen for a neutral
trait, but is easily lost by genetic drift, so that at least
some populations lose the polymorphism. The fact that
the polymorphism of handedness is maintained in all
Phil. Trans. R. Soc. B (2009)
human populations suggests that handedness is not a
neutral trait, and that some selective forces are
maintaining this diversity. Directional selection, if
acting alone, would lead to the fixation of the
advantageous morph, and eliminate the poly-
morphism. The ancient and ubiquitous polymorphism
observed for handedness is thus a signal of balancing
selection acting on this trait. This balancing selection
could result from a situation-dependent benefit.
Hence, we tried to identify, in the existing publications,
the deleterious and advantageous traits associated with
left-handedness, as they could, respectively, represent
fitness costs and benefits playing a relevant evolution-
ary role.

(a) Left-handedness as a costly trait

The frequency of left-handers has been reported to vary
according to age classes (Porac et al. 1980; Gilbert &
Wysocki 1992). This could be interpreted as due to
changing patterns of social norms (Hugdahl et al.
1993): for example, writing handedness was submitted
to more social pressures in the past than in the present
(Dellatolas et al. 1988). As a consequence, studies
using hand preference for writing as the marker of
handedness will find that mean age at death is lower for
left-handers, even if the longevity of left- and right-
handers was actually the same. Nevertheless, even
when hand preference assessment was based on other
tasks, longevity has been shown to be reduced in left-
handers, from a few months to a few years (Halpern &
Coren 1988, 1991; Coren & Halpern 1991; Aggleton
et al. 1993), but some contradictory evidence also exists
(Wood 1988; Anderson 1989; Harris 1993; Hicks et al.
1994; Berdel Martin & Barbosa Freitas 2003).

Three factors may explain the reduced longevity
of left-handers: (i) prenatal and perinatal birth
stressors, more probable in left-handers, (ii) genetic
effects and intrauterine hormones may have reduced
the effectiveness of the immune system of left-handers,
and (iii) left-handers may have more lethal accidents.
However, fitness costs have not been directly measured
yet, so we are still unable to properly evaluate its
evolutionary significance.

Concerning the accidental mortality, a higher risk of
accidents for left-handers has been observed in Western
societies (Halpern & Coren 1991; Daniel & Yeo 1994),
probably due to the industrialized environment
designed for a right-handed majority (Porac & Coren
1981; Coren & Halpern 1991). As shown by Aggleton
et al. (1993), an important part of the difference in
lifespan between left- and right-handers is due to
accidental death and death in warfare. According to
Aggleton et al. (1993), the most likely explanation for
the increase in accidental death among left-handed
men concerns their need to cope in a world full of right-
handed tools, machines and instruments. The fact that
a difference still remained, after removal from the
sample of the known cases of accidental death,
suggests, however, that some other factor may produce
a left-handed disadvantage. However, it is also possible
that the sources used did not mention all the cases of
unnatural death. Interestingly, De Agostini et al. (1997)
suggested that injury on upper limbs that made a
person unable to use the preferred hand could lead to
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mixed handedness and create an association between
accident frequency and mixed handedness. In a study
on 556 dead Brazilians, Berdel Martin & Barbosa
Freitas (2003) pointed out that dextral and not sinistral
individuals manifested an increased vulnerability to
accidental death. Further investigations on these
aspects are thus needed with reliable information on
death causes and birth cohort. The importance of
survival before and during the reproductive period of
life for the fitness of an individual is clear. Moreover,
there is now clear evidence that survival beyond
menopause is of great importance for women’s
reproductive value (Lahdenperä et al. 2004). Unfortu-
nately, the link between life expectancy and handed-
ness has as yet only been reliably investigated for men.
The impact of longevity on human fitness is not fully
characterized. The importance of reduced longevity in
left-handedness evolution is thus still unclear.

Another cost for left-handers resides in the lower
body size observed for left-handers (Coren 1989b;
Fudin et al. 1994). This could have fitness conse-
quences as body size is an important component of
selective value in humans (Guégan et al. 2000; Nettle
2002b; Silventoinen et al. 2003). For males, it is clearly
established that height is correlated with reproductive
success (Pawlowski et al. 2000; Mueller & Mazur 2001;
Nettle 2002a). Coren et al. (1986) also showed that an
association between delay in physical maturation
(based on the onset of secondary sexual characteristic,
age of menarche and relative body size) and left-
handedness (see Eaton et al. (1996) for contradictory
results). A delay in sexual maturity could also have an
influence on reproductive success and thus lead to some
fitness cost for left-handers. Further investigations are
needed to quantify the influence of this factor.

The frequency of left-handers among homosexual
men seemed to be higher than in the general
population: in their meta-analysis, Lalumiere et al.
(2000) reported 39 per cent greater chance of being
non-right-handed. As reproductive success has been
shown to be lower for homosexual men, this could
introduce some fitness bias (Berman 2003). However,
the association between handedness and sexual orien-
tation is still being discussed (Bogaert et al. 2007), and
the proportion of homosexual men in the general
population is low: from 2 to 6 per cent of males in the
general population, depending on the study (Kinsey
et al. 1948; Sandfort 1998; Berman 2003). Therefore,
the effect of this association has probably a low
influence on the evolution of handedness frequencies.

Some potential fitness costs are thus suggested by
the literature, but proper estimation of the actual
consequences on fitness are not yet identified, limiting
the evolutionary significance of these results.

(b) Left-handedness as a beneficial trait

It was shown that left-handers could have greater
intermanual coordination (Gorynia & Egenter 2000;
Judge & Stirling 2003). Left-handers have indeed
smaller asymmetries in hand skills than right-handers
(Peters 1989; Curt et al. 1992; Judge & Stirling
2003) and are less lateralized in language dominance
(Steinmetz et al. 1991). Smaller right–left differences as
well as higher intermanual coordination in left-handers
Phil. Trans. R. Soc. B (2009)
may be due to greater control of both hemispheres.
There are contradictory results but some studies
point to better interhemispheric transfer in non-right-
handers (Gorynia & Egenter 2000; Christman &
Propper 2001). A larger corpus callosum has been
detected in non-right-handers (Witelson 1985),
but the precise implications for interhemispheric
interaction are unclear. Moreover, there is considerable
controversy about the relation to handedness: the
degree of hand lateralization rather than its direction
may be related to callosal morphology (Beaton 1997).
This is supported by the finding that left-handers,
who are less lateralized show significantly higher values
than right-handers in intermanual coordination, a
performance thought to be more demanding in terms
of bihemispheric control, and that may be due to a
more efficient exchange of information transmitted by
callosal pathways (Gorynia & Egenter 2000). A larger
corpus callosum has also been reported to be associated
with superior verbal fluency (Hines et al. 1992) or to
confer advantages in some forms of memory
(Christman & Propper 2001); two advantages from
which left-handers could benefit.

Creativity has also been reported to be linked with
left-handedness (Newland 1981), more specifically in
men (Coren 1995). The proportion of left-handers also
appeared to be greater in gifted children (IQO131)
than in non-gifted children (Hicks & Dusek 1980), but
the importance of this effect at the population level
remains to be quantified, owing to the low proportion
of gifted children. A few studies have considered that
left-handers could have special talents that could lead
to benefits, such as enhanced musical (Aggleton et al.
1994; Kopiez et al. 2006) or mathematical capacities
(Casey et al. 1992; Crow et al. 1998), although this last
fact seems controversial (Peters 1991). All these
advantages may play a significant role in the social
status of left-handers.

Some studies concerning socio-economic status and
cognitive abilities have tried to estimate differences in
social status between right- and left-handers (see
Faurie et al. (2008) for a review). Left-handers are
supposed to have particular cognitive capacities that
could lead them to particular kinds of professional
activities. Faurie et al. (2008) highlighted that left-
handers could have some particular socio-economic
positions, which could lead to a socio-economic
advantage. A few studies have compared the earnings
of right- and left-handers. Denny & O’Sullivan (2007)
revealed that the hourly earning of left-handed men was
greater (approx. 4%) and observed an opposite result
for right-handed women. Ruebeck et al. (2007) also
found a significant increase of wage for left-handed
men in the group with high levels of education and
did not observe any effect of handedness on wages
for women. The differences between right- and left-
handers socio-economic statuses could be related to
their reproductive success, though the importance of
socio-economic status in human mate choice directly
benefits the offspring.

Another important benefit of left-handedness could
be represented by a strategic advantage of left-handers
in sports: a number of studies have noted an excess of
left-handers at the top levels of sports such as tennis,

http://rstb.royalsocietypublishing.org/


Review. Polymorphism of handedness in humans V. Llaurens et al. 889

 on 31 March 2009rstb.royalsocietypublishing.orgDownloaded from 
baseball and fencing (Annett 1985; Voracek et al.
2006). The left-handed advantage in many sports can
be explained tactically without any hypothetical
additional neurological advantage (Wood & Aggleton
1989). As right-handers are more frequent, an
individual is always more likely to be confronted by a
right-handed opponent, so right-handers are not used
to the different gestures of left-handers, whereas left-
handers are used to the right-handers way of playing.
Thus, left-handers have a surprise advantage, which
increases when their frequency is lower (Raymond et al.
1996). Left-handedness frequencies in interactive
sports (such as fencing, boxing, tennis, baseball,
cricket), offering a strategic advantage to the rarer
left-hander, appear to be very high, when compared
with non-interactive sports (gymnastics, swimming,
bowling), where the frequencies are no different from
those of the general population (Aggleton & Wood
1990; Goldstein & Young 1996; Raymond et al. 1996;
Grouios et al. 2000; Brooks et al. 2003). This strategic
advantage of left-handers in interactive sports could be
a marker of a strong selective advantage during fights.
This advantage in fights could indeed lead to direct
benefit through increased survival during fighting
interaction or indirect benefit through acquisition of
higher social status, facilitating access of partners. It is
negatively frequency dependent because it is higher
when the left-handers are rarer. Theoretical
approaches have confirmed that the maintenance of
two opposite asymmetrical morphs by frequency-
dependent selection could be an evolutionary stable
strategy (Ghirlanda & Vallortigara 2004; Faurie et al.
2005a). The frequency-dependent strategic advantage
of left-handers in fights could be the source of
balancing selection involved in the persistence of the
handedness polymorphism in the general population.
7. DISCUSSION
The existence of frequency-dependent selection acting
on handedness has been suggested by the correlation
observed between the frequency of left-handers and the
rate of homicide, indicating a frequency-dependent
advantage of left-handers in violent interactions
(Faurie & Raymond 2005). However, in the absence of
any cost, a frequency-dependent advantage would lead to
a frequency of 50 per cent at equilibrium. The fact that
the frequency of left-handedness never reaches 50 per
cent in any human population investigated so far (Faurie
et al. 2005b; Raymond & Pontier 2004) indicates that
some costs associated with left-handedness must exist.

The costs associated with left-handedness have
mainly been studied in Western societies, and have
often been attributed to the technological environment
with asymmetrical artefacts being dangerous for left-
handers (Coren 1989a; Aggleton et al. 1993; Daniel &
Yeo 1994). However, the frequency of left-handers
does not exceed 30 per cent in any traditional society,
suggesting the existence of costs in non-industrialized
environments as well (Faurie & Raymond 2005).

There seem to be increased heath risks and problems
among left-handers. It still remains to be established
whether these are characteristic of all left-handers, or of
a subgroup whose left-handedness is of the pathological
Phil. Trans. R. Soc. B (2009)
type. The problem is that ‘pathological’ and ‘familial’
left-handers, if these two categories exist, cannot in fact
be distinguished, since no gene of major effect has been
identified, whose presence could be tested for. The
alleles in single-gene models are postulated from an
ad hoc assumption, rather than on the basis of empirical
genetic data. An indication of the probable heterogeneity
of left-handers is the lateralization of language. Although
97 per cent of right-handers demonstrate predominant
left hemisphere language localization, only 60 per cent of
left-handers demonstrate left hemisphere language
dominance, 30 per cent show bihemispheric language
and approximately 10 per cent show right hemisphere
language (Geschwind 1970; Annett 1985). Precise
characterization of categories of left-hander should
help the understanding of the evolution of handedness.

To be able to identify the evolutionary forces acting on
handedness, data on left-handedness frequency dynamics
over time are critical. Writing handedness has been shown
to vary during the twentieth century, due to cultural
influences. For hand preference in other tasks, there are
surprisingly few studies addressing this question.
Comparison of arm waving in Victorian England films
(1897 and 1913) and in a modern population, from
Google images, suggested that left-handers frequency
has increased in England during the last century
(McManus & Hartigan 2007). However, the reliability
of these data are questionable, especially because arm
waving is not a complex task needing hand specialization.
Further investigation of left-handedness frequency across
generations is needed to establish if the left-handed
polymorphism is variable or at equilibrium.

If the polymorphism of handedness is nearly stable,
it would be very unlikely to empirically detect
variations of fitness estimates because differences
between left- and right fitness are expected to be low
near the equilibrium value. In fact, at the equilibrium
value, the fitness of right- and left-handers is equal
(although this does not mean that all fitness com-
ponents are necessarily equal). In such a case, some
advantages for one trait could be found for one
handedness category, and other advantages for other
traits for another handedness category. This could
explain many discrepancies in handedness studies.

What is currently lacking is a way to clearly identify the
left-hander categories in order to better estimate fitness
costs and benefits associated with each category. It is also
pivotal to further investigate the possible current
evolution of left-handedness frequencies, and to
examine, in different environments, the type of selection,
particularly frequency dependent, acting on handedness.
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Bermùdez de Castro, J. M., Bromage, T. G. & Fernàndez
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Ritual fights and male reproductive success in a human population

V. LLAURENS, M. RAYMOND & C. FAURIE

Institut des Sciences de l’Evolution, Université Montpellier II, Montpellier, France

Introduction

Ritual fights in human populations are widespread

throughout the world, for example, male stick-duelling

(sagine) in the Surma people of Southern Ethiopia

(Abbink, 1999), Engolo fights in Angola (Desch-Obi,

2008), chest pounding in the Yanomamö people in

Venezuela (Chagnon, 1997), or Judo in Japan (Carr,

1993). Their evolutionary significance remains unclear.

Ritual fights are often costly in time and energy, and in

many cases, males involved in such violent interactions

have no direct gains, such as territory, resources or

mates.

Similarly, in the Ache populations in Paraguay, there is

apparently no direct benefit of being a good hunter.

Indeed, the men belonging to the class of hunters take

risks to capture prey, but all the food obtained is fairly

divided among people of the village. However, Kaplan &

Hill (1985) showed that hunting ability in the Ache

males is associated with an increased number of offspring

raised to adulthood through increased chances of sur-

vival of their children and a higher access to female

partners, including illegitimate mating. This effect seems

to be due to the prestige attributed to good hunters. The

higher reproductive success observed in such categories

could reflect a ‘prestige’ effect, but it could also be the

result of better health and body condition. The stron-

gest ⁄ healthiest men may have a greater probability to

become prestigious hunters, and their greater reproduc-

tive success could be due to their better health ⁄ body

condition rather than their reputation as hunters.

Another example is found among the Yanonamö

populations from Venezuela. In this population, inter-

group homicides are frequent. These homicides do not

correspond to competition for resources but are instead

attributed to revenge. Chagnon (1988) highlighted that

the Unokaı̈, i.e. people who have committed a killing at

least once in their life, have greater reproductive success,

as measured by their number of wives or children.

Homicide may thus allow the Unokai to acquire great

prestige or reputation, leading to greater mating success

(increased number or fertility of their mates). More

generally, Irons (1979) suggested that competition for

cultural success (or prestige) evolved because of its

relationship with reproductive success.

In this study, we focused on the reproductive success

of men who participate in ritual fights in a rural

population in Senegal composed primarily of Sereer

people. Sereer wrestling is a traditional fight with rules
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Abstract

Ritual fights are widespread across human populations. However, the

evolutionary advantage associated with this behaviour is unclear because

these fights rarely provide direct benefits such as territory, resources or mates.

Here, the reproductive success of men competing in a traditional ritual fight,

Sereer wrestling, was investigated for the first time. Involvement in wrestling

had a significant positive effect on men’s number of offspring and a marginally

significant effect on polygyny, controlling for age, body condition and socio-

economic status. These positive effects suggest that being involved in wrestling

competition provides prestige, facilitating access to mates and thereby

increasing fecundity. However, when women were interviewed on their

preference concerning qualities of potential mates, the quality ‘being involved

in wrestling competition’ was poorly ranked. This discrepancy may arise either

from deceptive reports or from discordance between parents and daughters in

the choice of a husband.

doi: 10.1111/j.1420-9101.2009.01793.x



similar as those of Greco-Roman wrestling. Wrestling

contests are regularly organized in the villages, and

wrestlers from neighbouring villages come to participate.

These competitions represent festive occasions: village

inhabitants (men, women and children) attend the fights

and encourage their champions. The competition takes

place during the night (from about 10 PMPM to 2 AMAM) and

lasts several days (normally 4 days, from Thursday to

Sunday). The first evenings are dedicated to the youn-

gest and most inexperienced wrestlers, and the level of

wrestling increases throughout the days. Usually, on

Sunday evenings, the best champions compete, and the

spectators are more numerous. Wrestlers reaching the

final fights can win money, from 1000 to 150 000 CFA

francs (African Financial Community francs) (as a

reference, the local prices are 50 000 CFA francs for a

sheep and 300 000 CFA francs for 1 ha of land).

Alternatively, they can win fabric for clothes or an

animal (e.g. a cow). However, material gain is a recent

occurrence (< 10 years old). Previously, wrestlers would

gain only a flag representing their victory. Wrestling is

an important part in the games played by the children in

the villages. Males who decide to become wrestling

competitors start seriously training at the age of 16–

17 years by practicing and exercising their muscles. The

decision to become a wrestler depends not just on

physical prowess, but also on social and familial context.

For example, boys whose fathers used to be wrestlers are

more likely to become wrestlers themselves. Boys who

have low scores at school are also more motivated to

practice wrestling. Only a small proportion of men are

involved in wrestling competitions (< 10%, as we

roughly estimated).

This study aimed at testing whether competitive

wrestling could bring a reproductive advantage to men,

controlling for body condition and socio-economic status.

First, we recorded the number of children and grand-

children of wrestlers and nonwrestlers in Sereer villages.

As wrestling competitions can now provide economic

gains to the wrestlers, we controlled for a potentially

confounding effect of socio-economic level. Economic

status has been shown to have a great influence on male

reproductive success in both traditional (Cronk, 1991) and

industrialized societies (Nettle & Pollet, 2008). We also

controlled for the potentially confounding effect of body

condition. Wrestlers may have a better intrinsic body

condition, whereas men with a weaker body condition

may be unable to practice this sport. To further charac-

terize the wrestlers’ reproductive success, the number of

wives was also investigated. We tested whether the

prestige acquired through wrestling allows a greater access

to sexual partners. Finally, the women’s preferences

concerning different men’s qualities, such as kindness,

strength, wealth or involvement in wrestling competition,

were investigated by interviewing women about the

qualities they find important when choosing a husband.

Materials and methods

Population studied

A survey was performed in the traditional villages

surrounding the small town of Sokone (13�52¢N,

16�22¢W), located in the Sine Saloum area of Senegal

on the West coast of Africa. The most common ethnic

groups in this area are the Sereer, the Wolof and the

Peuhl. The subsistence mode is mainly agriculture,

especially cash crops like peanuts and cashew nuts, but

also subsistence crops like millet. The inheritance mode is

patrilineal, and the residence is patrilocal. Polygynous

marriages are common, with a maximum of four wives,

as determined by the Islamic religion to which most

people belong.

The protocols used to recruit families and collect data

have received the agreement of both the French National

Committee of Information and Liberty (CNIL) and the

ethical committee of the Senegalese National Research

Council for Health. Informed consent was obtained from

all subjects. Participants were not paid, but gifts like

clothes, books, soaps, school and farming equipments

were given to the head of the village in charge of the

distribution among the villagers.

Components of men’s reproductive success

In each study village, we interviewed several informers

who indicated us the men currently involved in wres-

tling competition, and the men who had been wrestling

champions in the past. We included all in our study.

The control sample was randomly selected among men

in the same age range. Forty-one current or former

wrestlers and 55 nonwrestling men aged 15–88 were

interviewed in these villages. Their age and the number

of wives, children and grandchildren alive were

recorded. Socio-economic status was estimated by

recording land and cattle possessions. We calculated

the price in CFA francs for 1 ha of land and for cattle

animals (cows, donkeys, sheep and goats) by averaging

the prices given by five local informers. Body height and

weight were measured and used to compute the body

mass index (BMI). The circumferences of both arms

were also measured, and the average arm circumference

was computed (mid-arm circumference or MAC). The

MAC and BMI were used as estimates of men’s body

condition. These are both important components of

body condition in this traditional society because they

may reflect access to resources and resistance to para-

sites (Visweswara & Singh, 1970). Because they were

highly correlated (Pearson correlation coefficient:

q = 0.87; P < 0.0001), only the MAC was used to

estimate body condition in the models reported here.

However, using BMI instead did not significantly change

the results.
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Statistical analyses of men’s reproductive success

All statistical analyses were performed with the software

RR 2.5.1 (http://www.r-project.org). Logistic regressions

were computed to analyse the probability of ever

reproducing (among all men, N = 96), or the probability

of being polygynous (among married men, N = 52).

General linear models (GLM) assuming a Poisson error

distribution were computed to analyse the number of

children among men who had at least one (N = 48

fathers), and the number of grandchildren among men

who had at least one (N = 20 grandfathers). The Quasi-

poisson correction was used in both cases to take into

account the slight over-dispersion of residuals. The effects

of the variables WRESTLER (wrestler vs. nonwrestler),

AGE, MAC and SES (socio-economic status) were tested

in all models. Additionally, the effect of the number of

wives was tested in the analysis of the number of

children. The significance of a model term was tested by

computing the variation of deviance between the model

with and without the term. This variation follows a chi-

squared distribution (in logistic regressions) or an F-

distribution (in GLMs with Poisson error structure and

correction for over-dispersion).

Women’s preference assessment

Seventy women of reproductive age (at least 14 years

old) were also interviewed about their preferred qualities

for a husband. Seven cards representing different qual-

ities of a man were drawn by a Sereer woman. The

qualities represented were the following: ‘a man who is

rich’; ‘a man who is a good wrestler’; ‘a man who is kind

with his children’; ‘a man who is kind with his wife’; ‘a

man who is courageous, hard-worker’; ‘a man who is

generous’; and ‘a man who is educated’. These cards

were presented in random order to the women inter-

viewed. Women were asked to rank the cards according

to how important they considered each quality when

evaluating a potential husband. The order chosen by the

women was recorded, as well as their age. The average

rank for each card, as assessed by the 70 women, was

computed. In addition, a nonparametric test of the

correlation between the woman’s age and rank of the

card ‘a man who is a good wrestler’ was performed

(Spearman’s rank test).

Results

Descriptive statistics

Table 1 presents the average age, MAC and SES in

the study samples. On average, wrestlers had a higher

MAC than nonwrestlers (Wilcoxon test, W = 1637,

P < 0.0001). However, no significant difference in SES

was detected between wresters and nonwrestlers

(Wilcoxon test, W = 1115.5, P = 0.91).

Probability of ever reproducing

In the total sample, the probability of ever reproducing

was significantly higher among wrestlers than nonwres-

tlers ( logistic regression with the variable WRESTLER

alone: v2
1 = 12.6, P < 0.001). Younger men were obvi-

ously less likely to have already reproduced (logistic

regression with the variable AGE alone: v2
1 = 76.1,

P < 0.001). MAC had a significant positive effect on the

probability of ever reproducing (logistic regression with

the variable MAC alone: v2
1 = 5.26; P = 0.02), indicating

that men with a larger MAC were more likely to ever

reproduce. SES had no effect on this probability (logistic

regression with the variable SES alone: v2
1 = 0.063;

P = 0.80). When controlling for AGE and MAC (respec-

tively v2
1 = 62.8; P < 0.001 and v2

1 = 0.008; P = 0.93), the

difference between wrestlers and nonwrestlers on the

probability of ever reproducing was no longer significant

(v2
1 = 1.41; P = 0.23).

Number of children

The number of children alive was analysed among the men

who reproduced at least once (sample 1, see Table 1). As

shown in Fig. 1, wrestlers had, on average, more children

than other men (F1,47 = 8.3211; P = 0.006; 14.04% of

deviance explained).

Because AGE, MAC and SES could be important

components of this increased reproductive success effect,

we controlled for their potentially confounding effect and

the effect of all possible two-way interactions. The min-

imum model obtained after simplification of nonsignifi-

cant variables contained MAC, SES and WRESTLER. The

Quasipoisson correction was used to take into account the

slight over-dispersion of residuals (the deviance of resid-

uals was 65.08 for 44 degrees of freedom). Using this

model, we showed that men with a higher MAC had

significantly more children (F1,47 = 6.84; P = 0.01,

10.41% of deviance explained) as did men with higher

Table 1 Descriptive statistics [mean and standard deviation of the

age, mid-arm circumference (MAC) and socio-economic status

(SES)].

Sample

size Age MAC

SES

(106 CFA)

Total sample 96 36.06 ± 16.4 26.94 ± 2.49 3.33 ± 3.3

Wrestlers 41 39.67 ± 14.6 27.98 ± 2.21 3.35 ± 3.8

Nonwrestlers 55 31.22 ± 17.7 26.15 ± 2.41 3.33 ± 2.8

Fathers (Sample 1) 48 48.10 ± 13.21 26.34 ± 2.65 3.13 ± 2.5

Nonfathers 48 24.02 ± 8.71 27.55 ± 2.18 3.54 ± 3.8

Grandfathers (Sample 2) 20 57.85 ± 12.31 26.17 ± 2.54 3.23 ± 2.4

Nongrandfathers 76 30.33 ± 12.01 27.14 ± 2.46 3.36 ± 3.4

Married men (Sample 3) 52 47.54 ± 13.69 26.42 ± 2.67 3.15 ± 2.5

Unmarried men 44 22.5 ± 5.28 27.54 ± 2.15 3.56 ± 3.92
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SES, which was marginally significant (F1,47 = 3.35;

P = 0.07, 5.09% of deviance explained). The effect of

WRESTLER remained significant when controlling for

MAC and SES. Wrestlers still had more children than

nonwrestlers (F1,47 = 8.24; P = 0.006, 12.52% of deviance

explained). The interactions between WRESTLER and

MAC and between WRESTLER and SES had no significant

effect (respectively F1,44 = 0.46, P = 0.50 and F1,44 = 0.85,

P = 0.36).

When adding the number of wives to this model, neither

the effect of the variable WRESTLER (F1,47 = 3.04;

P = 0.09) nor the effect of SES (F1,47 = 0.88; P = 0.35)

were significant. The minimum model obtained then

contained the number of wives and the MAC: men with

more wives and those in better body condition had more

children (respectively F1,47 = 12.67; P < 0.001 and

F1,47 = 4.22; P = 0.04).

Number of grandchildren

Neither MAC nor SES had a significant effect on the

probability to have at least one grandchild (respectively

v2
1 = 0.19; P = 0.66 and v2

1 = 1.61; P = 0.20). Being a

wrestler or not had no effect on the probability to have at

least one grandchild (v2
1 = 2.59; P = 0.10), controlling for

AGE (v2
1 = 52.48; P < 0.0001).

The factors influencing the number of grandchildren

alive were then investigated among men who had least

one grandchild (sample 2, Table 1). The Quasipoisson

correction was used to take into account the over-

dispersion of residuals (the deviance of residuals was

37.397 for 15 degree of freedom). Neither AGE nor SES

had a significant effect on the number of grandchildren

(respectively F1,19 = 3.60; P = 0.07 and F1,19 = 0.03;

P = 0.86). Men in better body condition had more

grandchildren (F1,19 = 0.39; P = 0.03). No effect of being

a wrestler was detected on the number of grandchildren

(F1,19 = 3.01; P = 0.10), controlling for MAC (F1,19 =

6.76; P = 0.02).

Probability of being polygynous

The factors influencing the probability of having more

than one wife were investigated among married men

(sample 3, see Table 1). As shown on Fig. 2, wrestlers

were more likely to have more than one wife. AGE and

MAC had no significant effect on the probability of being

polygynous (respectively v2
1 = 0.16; P = 0.69 and v2

1 =

)0.01; P = 0.9). Wealthier men were more likely to

become polygynous (v2
1 = 4.70; P = 0.03). However, the

WRESTLER variable was not significant (v2
1 = 2.63;

P = 0.10, 3.85% of deviance explained), when control-

ling for SES (v2
1 = 5.15; P = 0.02, 7.55% of deviance

explained).

Women’s preferences

The experiment regarding women’s choice aimed at

investigating whether wrestlers were judged as more

attractive when compared to men having other qualities.

Table 2 presents the mean rank for each of the cards

presented to the women. The highest rank was obtained

for the card that represented ‘A man who is kind with his
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Fig. 1 Number of living children among men who reproduced at

least once, depending on whether they are wrestlers. Error bars

correspond to the standard error of the mean.
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Fig. 2 Proportion of polygynous men among married men,

depending on whether they are wrestlers. Error bars correspond to

the standard error of the mean.

Table 2 Ranking of seven husband’s qualities by 70 women.

Quality

Mean rank

(out of 7)

A man who is kind with his wife 2.46

A man who is kind with his children 3.07

A man who is courageous, hard-worker 3.16

A man who is generous 3.86

A man who is educated 3.87

A man who is a good wrestler 5.70

A man who is rich 5.86
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wife’ and the lowest for the card representing ‘A man

who is rich’. The fact that a man is a wrestler did not

seem to be a characteristic considered as important by the

women (mean rank of the card ‘A man who is a good

wrestler’ = 5.7 out of 7) whatever of the woman’s age

(Spearman correlation test between the rank of this card

and the age of the women interviewed, q = )0.13;

P = 0.28).

Discussion

Components of men’s reproductive success

Our results suggest that wealthier men are more likely to

be polygynous and have more children. The importance

of socio-economic status for the access to mates has

already been observed in many traditional (Hill, 1984)

and industrialized (Fieder & Huber, 2007; Nettle & Pollet,

2008) societies. However, this study is the first to show

that wrestlers have significantly more children than

other men. This result suggests that there is a positive

effect of being involved in wrestling competition on male

fitness. Body condition, as estimated by the MAC, also

had a positive influence on men’s reproductive success.

However, the effect of being a wrestler on offspring count

is still significant when controlling for body condition

(MAC) and SES. Therefore, wrestlers not only have a

better body condition on average (as estimated by a

higher MAC), they also obtain an additional fitness

benefit, possibly due to the prestige acquired through

wrestling practice. The positive effect of prestige on men’s

reproductive success had already been highlighted in

Ache hunters (Kaplan & Hill, 1985) and Yanomamö

Unokaı̈ (Chagnon, 1988), but the precise contributions of

body condition and SES to this effect remained unclear.

Concerning Sereer wrestling, we demonstrated an addi-

tional prestige effect facilitating access to mates besides

the positive effects of body condition (estimated by MAC)

and SES.

In this Sereer population, the number of wives seems

to be the major factor that leads to an increase in the

number of children, suggesting that the ‘prestige’ may

provide a greater access to reproductive partners. We

confirmed that this increase in the number of children in

wrestlers was mainly due to an increase in the number of

wives by a confirmatory path analysis (Shipley, 2009).

We compared a causal scheme where the variable

WRESTLER had only a direct influence on the number

of offspring (model 1) and a causal scheme where the

variable WRESTLER had only a direct influence on the

number of wives, which obviously influenced the num-

ber of offspring (model 2). In both models, SES and MAC

both had an influence on both the number of offspring

and the number of wives. Model 1 has a lower proba-

bility (v2
12 = 22.75; P = 0.03) than model 2 (v2

8 = 6.49;

P = 0.59), suggesting that the number of wives was the

major, if not only, path for wrestlers to increase their

reproductive success. The effect of prestige on access to

mating partners is also found for sports in industrialized

societies. In a population of French students, athletes

reported having more sexual partners than men who did

not practice any sports (Faurie et al., 2004). This study

suggests that involvement in sports, like involvement in

ritual fights, is under sexual selection.

The number of grandchildren is a better measure of

reproductive success because it takes into account

offspring survival and their capacity to reproduce. How-

ever, no significant effect of involvement in wrestling on

the number of grandchildren was detected in this rather

small, and on average young, sample.

Wrestling as part of a reproductive strategy

Despite the fitness benefits revealed by this study, the

proportion of wrestlers in the male population was quite

low. This could be explained by the high costs and risks

involved, in terms of time, finance and health. Partici-

pating in wrestling competitions implies extensive train-

ing. Wrestlers reported training more than 2 h per day

(running, bodybuilding, wrestling, etc.). There can also

be various social costs (e.g. the social cost of defeat).

Those costs are probably similar to the costs involved in

sport competition in Western societies. Additional costs

are likely to exist in this specific population. Firstly,

wrestling requires an important commitment in magic

ceremonies. Moreover, wrestlers have to follow a specific

diet, very rich in protein (eggs, milk, meat and fish),

which is quite different from the local diet, and much

more expensive. Finally, the risk of injury is very serious,

because this population has little access to medical care.

The difference in number of children between wres-

tlers and other men can be interpreted as a difference in

reproductive strategies, i.e. a differential allocation

regarding the trade-off between (i) investment in mating,

i.e. maximizing the number of reproductive events and

(ii) investment in parenting, i.e. maximizing offspring

survival (Trivers, 1972; Marlowe, 2000). This trade-off is

mediated by testosterone levels, which are on average

higher in individuals favouring mating as compared to

individuals favouring parenting, and are also higher in

individuals involved in aggressive behaviour and risky

behaviour (Archer, 2006). We can hypothesize that

wrestlers have higher levels of testosterone and invest

relatively more in mating. The co-existence of wrestlers

and nonwrestlers in this population may correspond to

different ways of dealing with the mating vs. parenting

trade-off.

Women’s self-reported preferences and actual mating

Results of the women’s interviews on their preferences

for male qualities showed that wrestling ability and

wealth are ranked as unimportant criteria for choice of

husbands. Reported preferences thus appear to be
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inconsistent with actual choices. This discrepancy may be

due to a cultural bias. Some women explained to us that

declaring a preference for wealthy men is socially poorly

regarded. Additionally, women’s preferences may have

little influence on marriage. The decision may be exclu-

sively made by the man, the man’s family or the bride’s

family. The parents’ choices could differ from the

women’s preferences. Indeed the interests, in terms of

fitness, may differ between parents and daughters. As

highlighted by Trivers (1974), the selection acting on

parental and offspring fitness may lead to familial

conflicts. For example, marriage of a woman to a wealthy

man may bring resources to the woman’s family, leading

to an increase in parental inclusive fitness, even if the

fitness of this woman is decreased by this marriage

choice. It is thus possible that the quality ranked first by

women, ‘a man who is kind with his wife’, has a lower

importance for the parents, who would value resources.

Our results suggest that the results of studies based on

hypothetical mate choice preferences should be inter-

preted cautiously, since there seems to be a discrepancy

between self-reported preferences and actual mating.

Another possible explanation of this discrepancy

between female preferences and mating success may be

that selection is not acting through female choices, but

rather through male–male competition: the prestige

acquired by wrestlers may dissuade other men from

competing for the same female.

Conclusions

We have highlighted that a human behaviour, such as

ritual fighting, that first appears to bring no direct fitness

benefit and is costly in terms of health, may have been

positively selected through sexual selection. Like the

peacock’s tail (Darwin, 1871), some costly traits are

maintained through sexual selection in humans and

other animals. Such phenomena highlight the impor-

tance of precise measures of reproductive success. The

practice of sports or ritual fights in humans could

represent a signal of quality used by females (or their

parents) when choosing their mating partners. The

biological or social pathway responsible for women’s

mating patterns and choices remain to be explained.
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ated how the absence of a father and the presence of a stepfather during early
childhood affected physiological and behavioral traits related to reproductive development (such as age of
menarche, age of first sexual intercourse and number of sexual partners) in a large sample set of male and
female French university students. We evaluated which ages were sensitive to modifications in the family
composition and found that menarche occurred earlier when the father was absent, particularly when the
child was between 0 and 5 years of age. Father absence during early adolescence was associated with a
younger age at first sexual intercourse and an increased number of sexual partners, for both sexes. The
presence of a stepfather during this period further advanced the age of first sexual intercourse. We also
measured testosterone levels in both sexes and analyzed their association with parental separation, and
found that young women with separated parents had significantly higher afternoon levels of testosterone. In
a second study, we analyzed direct fitness measures (such as number of children and grandchildren) in a
large sample of French workers and found that parental separation during childhood was not associated with
fitness variation. We discuss whether the reproductive outcomes of individuals having experienced
modifications in the early family environment are the expression of costs or adaptive strategies.

© 2008 Elsevier Inc. All rights reserved.
1. Introduction
Humans acquire physical, social and cognitive competencies during
an extended juvenile period [1,2], which is highly dependent on adult
caregiving [3,4]. When the caretaking environment is modified, e.g.,
when one parent leaves and a stepparent arrives, child development
may be affected. Associations between family conflict or the absence of
a father with reproductive traits in children have been widely
documented. In Western industrial societies, the absence of a father
has been considered a risk factor for earlier onset of puberty, sexual
activity, teen pregnancy and unstablemarriages [5–7,57]. Additionally,
parental conflict during childhood is associated with earlier onset of
puberty, earlier age of heterosexual dating and higher number of
sexual partners [6,8,9].

Marital conflicts appear to be a key indicator for reproductive traits
in children, although both the absence of a parent and the presence of
a stepparent may account for these observations. Often following
parental division is the arrival of a stepparent. Remarriage occurs
more often in pre-industrial societies than in industrial societies
because of highermortality risks [10,11], but the frequency is currently
increasing in industrial societies as well. Children raised in a
stepfamily often receive less general investment [12], both educa-
tional and financial [13–17] than children raised by both of their
+33 4 67 14 36 22.
(A. Alvergne).

l rights reserved.
biological parents. Stepchildren express more physiological [18] and
psychosocial stress [19], and tragically, are at higher risks for
infanticide [20,21] and sexual abuse [22–24].

The presence of a stepfather may be associated with a reduced
investment, and is therefore expected to increase costs associated
with the absence of a father. A brief review of studies comparing these
two effects is presented in Table 1. Studies testing the effects of the
absence of a father vs. the presence of a stepfather has led to
contradicting results concerning the age of puberty onset: three
studies have claimed that the presence of a stepfather has an effect on
the age of puberty onset [25,26,58], while another study shows no
effect [27] (Table 1). Unexpected or unusual results require replication,
such as the observation that the presence of a stepfather is associated
with an earlier age of first sexual intercourse in women but not with a
higher number of sexual partners compared towhen a father is absent
[26]. As most studies focus only on women, the effect of a stepfather
on male reproductive development has not been extensively studied.
Even if women are more sensitive to the trade-off between allocations
of resources for physical growth vs. production of offspring [28], there
may also be important family context effects on male reproductive
developmental outcomes. Finally, the developmental outcomes of
children from various parental environments have not been studied in
a broad range of cultures, limiting the general applicability of the
results (Table 1). Thus, we first aimed to clarify the specific effects of
the absence of a father and the presence of a stepfather, investigating
the details of timing sensitivity to these two factors.

mailto:alexandra.alvergne@univ-montp2.fr
http://dx.doi.org/10.1016/j.physbeh.2008.09.005
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Table 1
Overview of studies on the effects of the absence of a father vs. the presence of a stepfather on reproductive traits in children

Reference N Country Father absence Stepfather presence

Age of puberty Bogaert [25] 1921 women
1511 men

USA At age 14: associated with early puberty in both
men and women

No effect

Quinlan [26] 10,847 women USA Before age 5: associated with earlier menarche No effect
Ellis & Garber
[58]

87 women USA Associated with earlier menarche Associated with earlier menarche (supplementary effect of
absence of a father)

Age of first sexual
intercourse

Quinlan [26] 10,847 women USA Before age 5: associated with earlier first sexual
intercourse

Associated with earlier first sexual intercourse

Number of sexual
partners

Quinlan [26] 10,847 women USA In adolescence: associated with higher number of
sexual partners

No effect

Sample size (N), country of study and results obtained are indicated.
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Flinn and England have shown that the absence of a father, and to a
further extent the presence of a stepfather, leads to a rise of cortisol levels
in children [29]. Cortisol is a key hormone produced in response to
physical andpsychosocial stressors andmodulates awide rangeof somatic
functions including energy release, immune activity, mental activity,
growth, and reproductive function [30]. To our knowledge, the effects of
the absence of a father and the presence of a stepfather on reproductive
hormones have not been investigated. The levels of circulating testoster-
one in bothmenandwomenare associatedwith responses to competitive
situations and social dominance, facilitating direct competitive behaviors
such as aggression [31–34]. Testosterone levels can be considered as a
proxy for the capacity to compete for access to mates [32,35].

However, sex differences are observed in endocrine patterns.
Women produce one-fifth to one-seventh the levels of testosterone in
men, and the link between competition and testosterone is contingent
on the perception of losing or winning for men, but not for women
[32]. Sex differences could be better understood in the context of life
history strategies. For men, testosterone levels reflect the investment
between parenting and mating, with higher testosterone levels
associated with a higher investment in seeking copulations. The
endocrine pattern in males is sensitive to social context: Marriage and
fatherhood are associated with a decrease in testosterone levels in
men [36–38]. According to Belsky's hypothesis, menwho experience a
rearing environment where the father is absent would shift to a
mating strategy, leading to an increase in testosterone levels [39].
Additionally, in response to competition with other males, such as
stepfathers, males are predicted to show an increase in testosterone
levels. The second aim of this paper is to investigate whether parental
separation is related to changes in testosterone levels of offspring.

Although previous studies have established a clear link between
familial environment and traits potentially associated with reproduc-
tive success, none have actually measured fitness outcomes resulting
from such family configurations. The challenge here is to understand
the nature of these changes: are these changes plastic and adaptive
responses to a change in the family environment or merely an
expression of the costs of developmental perturbations?

Among current theories, some hypothesize that the observed
changes are adaptive responses and consider them constrained and
costly. Draper and Harpending posit that early experiences concerning
fathering and marital relationships influence the reproductive
strategy that individuals develop in adulthood [40]. As the expression
of paternal investment is variable, it is in the child's interest to use
environmental cues to assess the potential for paternal investment
and adjust their future reproductive strategies accordingly. In
particular, the absence of a father causes girls to advance sexual
maturation and express higher sexual interests, which would be
advantageous in an environment with low paternal investment.
Belsky, Steinberg, and Draper state that children respond adaptively to
many aspects of their rearing environments (e.g., poverty, the absence
of a father, divorce) and are especially sensitive to events occurring
during the first years of life [39]. They propose that early experience
allows assessment of various environmental components (i.e.,
predictability and availability of resources, trustworthiness of others),
which, in turn, affects reproductive strategy. From these foundations,
Ellis focused on the influence of fathering and raised questions about
the possible mechanisms by which fathers (either their physical
presence or the quality of their investment) influence the onset of
puberty in girls [5,28]. Note that these theories rely on the assumption
that variations in paternal investment are sufficiently low among
fathers within a population and that the level of paternal investment
is sufficiently stable, and therefore predictable, in a given population.

Parental separation could also result in a reduction of parental
investment. This would lead to those individuals who suffered the
costs of a reduced investment to start reproducing earlier, in order to
lengthen their reproductive life and therefore increase their total
number of offspring [41]. Indeed, several reproductive strategies in
humans, as in other animals, are based on the allocation of resources
between quantity and quality of one's offspring [59,42]. The third aim
of the present study is to clarify this situation and directly measure
fitness outcomes using the best available estimators, number of
children and grandchildren.

We first analyzed the effects of the absence of a father and the
presence of a stepfather at various stages during childhood using a
large panel of reproductive traits, including behavioral and physiolo-
gical traits. We then tested whether family changes were associated
with a decrease in fitness, and determined if the costs were
compensated by plastic adaptive responses.We have thus investigated
the influence of family changes on several reproductive traits and
fitness measures using a retrospective study of childhood experiences.

In the first study (Study A), we surveyed a French student
population comprised of young adults raised in three types of
families: two biological parents, mother alone, or mother and
stepfather. The age of menarche and age of first sexual intercourse
(both related to length of reproductive period), as well as the number
of sexual partners were reported. Additionally, the timing sensitivity
to the absence of a father and the presence of a stepfather on the
child's developmental traits was controlled. In a subsample of the
same student population, we used saliva samples to assess physiolo-
gical data on testosterone levels.

In the second study (Study B), the long-term effects of parental
separation on the number of children and grandchildren were tested
on a large sample of middle-aged adults participating in a longitudinal
study on adult health.

2. Methods

2.1. Description of questionnaires and participants

2.1.1. Study A
In December 2004, anonymous questionnaires were completed by

1200 arts or sciences students from all academic levels at the
University of Montpellier. Participationwas voluntary, and all subjects
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were informed about the confidentiality and general aim of the study
(effect of familial environment on various reproductive traits). Data on
family characteristics and reproductive traits were recorded. Students
were asked to detail their family compositions between 0 and 15 years
of age, including with whom they were reared during childhood
during three specific periods (from age 0 to 5 years, 5 to 10 years and
10 to 15 years). The six possible rearing choices were by either
biological parent, by a mother and a stepfather, by a father and a
stepmother, by a mother only, by a father only or by individuals other
than parents. Each student was also asked about the father's
socioeconomic status, number of full siblings and maternal birth
order. Moreover, students were asked to provide age of menarche, age
of first sexual intercourse and number of heterosexual partners. From
the 1088 questionnaires, 978 were complete. Two familial categories
(“raised by father only” and “raised by father and stepmother”) were
removed due to their low frequencies (under 1% from 0 to 10 years of
age, and between 0.9 and 1.4% from10 to 15 years of age), giving a final
sample of 978 subjects that consisted of 708 women and 270 men.

Ages varied between 18 and 30 years of age, with a mean age of
20.9±1.8 years for women and 22.0±2.0 years for men. Data from
students with parents living together (women=536, men =202) and
students with separated parents (women=172, men=68) gave a
frequency of 24.5% parental separation in the total student sample.
Among students whose parents were separated, 194 were living or
had lived with a stepparent(s) (women=140, men=54), while 46 had
not (women=32, men=14). Among children with separated parents,
the prevalence of stepparent presence was 80.8%.

Students who completed the questionnaire were also asked to
provide saliva samples. However, only 75 volunteers provided samples
for hormonal tests. Ages varied between 19 and 30 years,with amean of
22.0 years forwomen and 22.3 years formen. Among them, 42 had been
raised by two biological parents (women=26, men=16), while 18 had
not (women=5, men=13). Among the 18 individuals with separated
parents, only 2 women did not have a stepfather. Thus, for individuals
who provided saliva samples, the effect of parental separation could not
be differentiated from the effect of stepfather presence.

2.1.2. Study B
Data previously collected on 2000 adult volunteers in a medical

research program (GAZEL cohort, see [43]) were used. This program is a
large longitudinal follow-up started in 1989, which originally had 20,624
subjects working at Electricité de France-Gaz de France (EDF-GDF)
comprised of 15,010 men between the ages of 40–50 years and 5614
women between the ages of 35–50 years. The GAZEL cohort was officially
approved by the French National Committee for Data Processing and
Table 2
Descriptive statistics for Study A and Study B

Study A Men

Lived with both
parents (Mean±SD)

Lived with mother
alone (Mean±SD)

Lived with
stepfather

Age of menarche
(yrs)

Age of first sexual
intercourse (yrs)

16.7±0.1 16.6±0.1 16.6±0.1

Number of sexual
partners

5.3±0.8 6.9±0.8 4.9±0.8

Female PM
testosterone levels (pg/ml)

74.4±9.7 N/A 70.9±7.5

Study B Men
Parents were separated (Mean±SD) Parents lived together (Me

Number of children 2.0±0.1 1.9±0.1
Number of

grandchildren
1.6±0.1 1.8±0.1

N/A, data not available. Mean and standard deviation (SD) of reproductive traits for both m
Liberty (CNIL). Foreach individual in this sample set, dataon thenumberof
children and grandchildren were available in addition to maternal birth
order and socioeconomic status. Bymail, we specifically asked individuals
to describe their parental situationwhen theywere between the ages of 0
to 15 years: reared by two biological parents, by a mother and stepfather
(s), by a father and stepmother(s) or by others. Individuals with deceased
parents as well as those belonging to the “raised by others” familial
category were eliminated. The “raised by father and stepmother(s)”
category was underrepresented (1.8%) and was also removed from the
analysis. The data set was thus composed of 1255 individuals
(women=199, men=1,056) varying between 55 and 65 years of age,
with a mean age of 59.5 years (±2.8) for women and 59.7 years (±2.8) for
men. Among them,1155 individualswere rearedby twobiological parents
(women=183, men=972) and 100 were reared by mothers and one or
several stepfathers (women=16, men=84).

2.2. Testosterone measurements

2.2.1. Testosterone collection
Saliva samples were collected during a period of 1 month in March

2005. Participants were given kits for saliva collection that included
labelled Salicaps tubes and straws (IBL, Hamburg). Each student was
asked to provide saliva samples 8 times a day at specific times: upon
wake-up, 60 min after wake-up, 90 min after wake-up, noon, 3 PM,
6 PM, 8 PM and 10 PM. Collection instructions were to rinse themouth
with fresh water and wait 5 min before providing saliva samples.
Subjects were instructed not to eat, brush their teeth or smoke during
the 30 min prior to collection, and immediately refrigerate each
sample after collection. Saliva samples were brought back to the lab
and immediately stored at −20 °C. Each subject who collected saliva
had previously filled out the self-report questionnaire mentioned
above. Each kit was returned with information on the subject's usual
wake-up time, exact times of collection and other detailed remarks
(e.g., illness or sporting activities of the day). Among the 75 saliva kits
returned to the lab, 60 were suitable for analysis.

2.2.2. Testosterone analysis
Testosterone levels from saliva samples were determined using

Luminescence Immunoassay (LIA) kits [44] (IBL, Hamburg). Briefly,
saliva tubes were defrosted and centrifuged at 2400 rpm for 10 min.
Standards, controls and samples were pipetted in duplicate intowells of
a microtiter plate. Freshly prepared enzyme conjugate and testosterone
antiserumwere then added into each well. The plate was incubated for
4 h, the incubation solution was discarded and the plate was washed 4
times with diluted wash buffer. After removing excess solution, the AP
Women

mother and
(Mean±SD)

Lived with both
parents (Mean±SD)

Lived with mother
alone (Mean±SD)

Lived with mother and
stepfather (Mean±SD)

12.9±0.1 12.5±0.08 12.6±0.1

17.0±0.1 16.3±0.1 16.4±0.1

2.3±0.2 5.2±0.4 3.3±0.2

10.6±2.5 N/A 26.8±4.3

Women
an±SD) Parents were separated (Mean±SD) Parents lived together (Mean±SD)

1.6±0.1 1.5±0.1
1.7±0.1 1.1±0.1

en and women, according to household composition during childhood.



Table 3
Statistical models on the effects of family composition for Study A and Study B

Study A Parental separation Family composition between
0 to 5 years of age

Family composition between
5 to 10 years of age

Family composition between
10 to 15 years of age

Age of menarche (yrs) Not tested F2,598=4.55, P=0.01 F2,598=7.55, P<0.001 F2,598=6.55, P<0.01
Age of first

sexual intercourse (yrs)
Not tested F2,721=0.28, P=0.76 F2,721=0.46, P=0.63 F2,721=3.72, P=0.02

Number of sexual partners Not tested F2,792=0.73, P=0.48 F2,792=0.43, P=0.54 F2,792=2.23, P=0.03
Female PM testosterone

levels
F1,32=4.50,
P=0.04

Not tested Not tested Not tested

Study B Parental separation

Number of children F1,1075=0.006, P=0.93
Number of grandchildren F1,1075=0.73, P=0.39

Statistical values (F) and degrees of freedom are indicated. Significant results are in bold. Parental separation is a binary variable. For Study B, separated parents refer to both the
mother alone and the mother with a stepfather.
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chemiluminescence reagent was introduced into each well, and relative
luminescence units (RLU) were measured with a luminometer 10 min
later. A total of six standards (0 to 760 pg/mL)were used to obtain RLUof
the standards and plotted against their concentrations, allowing the
calculation of sample concentration directly from the standard curve
(Microwin software). Samples with an inter-assay covariance between
replicates higher than 7% were removed from the dataset. Testosterone
release displays a circadian rhythm in both men and women with the
highest concentrations in the morning and the lowest in the evening
[45]. We have thus considered three variables: average testosterone
level (average of all 8 samples), morning testosterone level (average of
the first 4 samples) and afternoon testosterone level (average of the last
4 samples).

2.3. Statistical analysis

Data were analyzed using general linear models, allowing us to
seek the best prediction of a dependent variable given the effects of
Fig. 1. Study A. Mean age of menarche reported by female students in relation to their parent
(c). Error bars indicate SEM. Sample size is indicated at the bottom of the bars.
independent ones. Analysis was conducted separately for the
students' core sample (questionnaire), the students' subsample
(saliva) and for the GAZEL cohort. For the students' core sample, the
dependent variables included number of sexual partners (continu-
ous), age of first sexual intercourse (continuous) and age of menarche
(continuous). The independent variables of interest were family
composition from ages 0 to 5 years (categorical), 5 to 10 years
(categorical) and 10 to 15 years old (categorical). Potentially
confounding variables were the child's gender (categorical), age
(continuous), socioeconomic status of the father (categorical) and
birth order (categorical). For the students' saliva samples, the
dependent variables included mean testosterone levels (continuous),
morning testosterone levels (continuous) and afternoon testosterone
levels (continuous). The independent variable of interest was parental
separation (binary). Confounding variables were student age (con-
tinuous), student gender (binary) and difference between usual wake-
up time and samplewake-up time (continuous). For the GAZEL cohort,
the dependent variables included number of children (integer) and
al family structure during the ages of 0 to 5 years (a), 5 to 10 years (b) and 10 to 15 years



Fig. 3. Study A. Mean levels of afternoon testosterone levels measured in female
students in relation to the separation status of their parents (separated vs. not
separated). Error bars indicate SEM. Sample size is indicated at the bottom of the bars.

Fig. 2. Study A. Number of sexual partners (a) and age at first sexual intercourse (yrs) (b) reported by students of both sexes in relation to their parental family structure during early
adolescence (10–15 years). Error bars indicate SEM. Sample size is indicated at the bottom of the bars.
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number of grandchildren (integer). The independent variable of
interest was parental separation (binary). Potentially confounding
variables included gender (categorical), age (continuous), present
socioeconomic status (qualitative) and birth order (categorical). For
each analysis, a complete model was first considered with all
independent variables, in addition to all biologically meaningful
two-way interactions. When correlations between variables were
higher than 0.30, only one of the two variables was considered in the
model. The complete model was simplified using the AIC criterion
[46], then the smallest AIC was chosen and simplified by eliminating
the remaining non-significant variables (described by [47]). Higher-
order terms were first tested and the least significant and non-
significant terms (PN0.05) removed. The significance of the removed
terms was evaluated by F-tests, and all statistical analyses were
performed using R software [48].

3. Results

Descriptive data and statistical models on the relationship
between family composition and reproductive traits in children are
shown in Tables 2 and 3, respectively.

3.1. Family structure, sensitive periods and developmental traits (Study A,
core sample)

Family composition when children were between the ages of 0 to
5 years was not associated with age of first sexual intercourse or
number of sexual partners (P=0.76 and P=0.48, respectively;
Table 3A). However, family composition at ages 0 to 5 was significantly
related to age of menarche (P=0.01), as the absence of a father
resulting from parental separation was associated with a reduction of
almost 1 year in the age of menarche (Fig. 1a) compared to a situation
with both parents present. Similarly, the absence of a father between
the ages of 5 to 10 was not associated with either age of first sexual
intercourse (P=0.63) or number of sexual partners (P=0.54), but was
significantly associated with age of menarche (Pb0.001, Fig. 1b).

When children were between the ages of 10 to 15 years, both the
absence of a father and the presence of a stepfather were significantly
associated with the age of menarche (Pb0.01), age of first sexual
intercourse (P=0.02) and number of sexual partners (P=0.03).
However, being raised by the mother alone at this stage was
associated with a larger reduction in the age of menarche
(5.4 months) than the presence of a stepfather (3.8 months), as
compared to the situation with two biological parents (Fig. 1c).
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Conversely, the presence of a stepfather at this stage was associated
with a larger reduction in the age of first sexual intercourse (1 year)
than the absence of a father alone (6 months) (Fig. 2b). Finally, we did
not observe any differences between children raised by their mother
alone and children raised with a stepfather between the ages of 10
and 15 years on the number of sexual partners: a similar increase in
the number of sexual partners was observed, in both sexes (Fig. 2a).

3.2. Parental separation and hormonal correlate (Study A, subsample)

Parental separation was not significantly related to male testoster-
one levels (mean level P=0.35, morning level P=0.24, afternoon level
PN0.63), but an effect was detected for afternoon levels of testoster-
one in females (P=0.03). Parental separation was associated with a
two-fold increase in female testosterone levels (Table 3A and Fig. 3)
and controlled with a range of potentially confounding variables. In
particular, the age (F1,27=0.26, P=0.61), social status (F1,27=3.11,
P=0.09) and number of sexual partners (F1,27=0.18, P=0.67) were
not associated with PM testosterone levels in girls. One can note that
the phase in the ovarian cycle is not controlled here, as this
information was not available. However, the two groups compared
are unlikely to differ for this trait as theywere recruited from the same
population, under the same settings.

3.3. Parental separation and reproductive success (Study B)

In the GAZEL cohort, parental separation was not related to
number of children (P=0.93) or number of grandchildren (P=0.39).
Volunteers who experienced separation early on (mother alone vs.
mother and stepfather) did not report a higher number of either
children or grandchildren (Fig. 4a & b).

4. Discussion

4.1. What are the relative effects of the absence of a father and the
presence of a stepfather at different stages during childhood on
reproductive traits?

This study examined the link between modifications of family
structure and parental separation. In particular, we investigated the
Fig. 4. Study B. Mean number of children (a) and grandchildren (b) reported by
members of the GAZEL cohort according to the separation status of their parents. Error
bars indicate SEM. Sample size is indicated at the bottom of the bars.
role that the absence of a father and the presence of a stepfather
played on reproductive development, behavior and physiological
traits of the offspring.

4.1.1. Mother alone compared with two parents
Although consistent with the effects observed from the absence

of a father on reproductive traits described in the literature, we
found that these effects seemed to depend on timing of occurrence
in the child's life. In Study A, age of menarche was decreased by
almost 1 year when the father was absent in the first 5 years of the
child's life (Fig. 1). This decrease in the age of menarche associated
with the absence of a father has been repeatedly found in previous
studies as well (review in [49]). Our results are consistent with both
Belsky's theory, which proposed that early experiences during the
first 5–7 years of life would shape later outcomes, and Quinlan's
empirical study, which controlled for the timing of sensitivity to
family composition [26]. A second life stage sensitive to the absence
of a father was between the ages of 10 to 15 years, concomitant with
sexual maturation. Indeed, the age of first sexual intercourse was
reduced by almost 6 months (Fig. 2b) and the number of sexual
partners increased in both sexes (Fig. 2a). The effects of the absence
of a father on the age of first sexual intercourse and number of
sexual partners have also been described in previous studies
[6,8,9,26].

4.1.2. Stepfather presence
Replacement of a father with a stepfather did not influence

reproductive traits in children until the age of 10. However, the
presence of a stepfather when children were 10 to 15 years old was
associated with an earlier age of menarche (3.6 months earlier),
although this trait was more sensitive to the absence of a father
(Fig. 1c). The presence of a stepfather during this life stage was also
associated with an earlier age of first intercourse for both sexes (1 year
earlier, as compared to the situation with two parents, and 0.5 year
earlier than the absence of a father) (Fig. 2b). This result is consistent
with those of previous studies in women only [26].

4.2. Are family changes associated with fitness changes?

In Study B, we did not find any evidence for a change in the
number of children or grandchildren. This effect is not likely to be
due to contraceptive behaviors, as the proportion of women who
took birth control pills at least once in their lives is low in this
sample (~20%) and women with separated parents were as likely to
have taken birth control pills as those in intact families. The absence
of any fitness variation between these women suggests that
parental separation does not lead to any decrease in fitness
outcomes. However, several costs of parental separation have
been identified and are related to loss of both of paternal and
maternal care [50]. Several authors have proposed that the presence
of a stepfather is associated with a diversion of maternal care,
leading to less parental control [51]. In particular, early adolescence,
which precedes the average age of first sexual intercourse (Table
2A), corresponds to a period of intense parent–offspring conflict.
The presence of a stepfather most likely reinforces such conflicts
and instability [52].

Reproductive traits of children associated with the absence of a
fathermay, in part, be an expression of costs. Therefore, to compensate
these costs, our results suggest that offspring acquire plastic adaptive
responses and develop alternative reproductive strategies in response
to family changes.

4.3. Evolutionary explanations

The intriguing and constant association between the absence of a
father and reproductive traits has led to evolutionary explanations.
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4.3.1. Conditional adaptation hypothesis
The psychosocial evolutionary hypothesis posits that future envir-

onments canbepredicted fromearlyenvironments, allowing children to
developoptimal reproductive strategies [39].Moreprecisely, individuals
who experienced stable early environment would perceive others as
trustworthy, relationships as stable and resources predictable, leading to
the development of a parenting strategy (delayed maturation, late
sexuality and stable relationships). In contrast, individuals who
experienced the absence of a father would perceive others as
untrustworthy, relationships as opportunistic and resources unpredict-
able, leading to the development of a mating strategy (such as early
maturation, precocious sexuality and short-termpartners). The paternal
investment theory represents a specific aspect of the psychosocial
evolutionary hypothesis and focuses on the role of the father and other
familial males in female development. Young girls would absorb
information about paternal investment during their infancy and adjust
their reproductive developments accordingly. Another theory also
suggests that early experiences act as cues to predict future reproductive
environments, and posits that the absence of a father would be an
indicator of the degree of polygyny in the society. Polygynywould create
a shortage of women at a reproductive age, producing an increased
advantage for those who reproduced earlier. Indeed, comparative data
indicate that the degree of polygyny is associated with a decrease in the
mean age of menarche [53]. Much like most studies on the subject, the
latter two theories are limited to females. Nevertheless, we found that
males were affected by the absence of a father concerning their
reproductive traits, through a decrease in age at first sexual intercourse
and an increase in the number of sexual partners. Additionally,
conditional adaptation models do not include effects associated with
father’s death. Indeed, father absence tend to induce quite different
symptoms when resulting from either parental separation or father’
death: in the latter case, father absence is unrelated with earlier age of
menarche [54]. This observation also suggests that the quality ofmarital
relationships and conflicts associated with separation from the father
maybe relevant to theonsetofpuberty.Most importantly, these theories
rely on the assumption that ecological settings during infancy persist
into adulthood and imply that variations within a population are
sufficiently low to build an “optimal reproductive strategy.” Therefore,
an important limitation to consider is that behavior will bemaladaptive
if ecological settings change from one generation to the next.

4.3.2. Biosocial hypothesis
Ellis suggested that the presence of a father delays female

reproductive development through the action of pheromones,
primarily functioning to prevent inbreeding [27]. However, inhibitory
signals from the father are unlikely because young girls who live with
their fathers after parental separation do not show differences in age
of menarche compared to girls who live with their mothers [26].
Another prediction of this hypothesis is that the presence of unrelated
males, such as stepfathers, would accelerate the onset of puberty.
However, our results do not show any additional effect of the presence
of a stepfather on the age of menarche in the first 10 years of life.
Finally, this hypothesis does explain effects on male children.

4.4. Genetic mechanisms

There is evidence that a variant X-linked androgen receptor (AR)
gene is associated with predisposition to family abandonment and an
increased number of sexual partners in men, as well as with the
absence of a father and early age of menarche in women [55]. The
authors propose that this gene is passed from fathers to daughters,
causing earlier onset of puberty in girls whose father was absent. An
intriguing result of Study A is that womenwith separated parents had
twice as much testosterone. Although the small size of our sample
makes us unable to differentiate the effect of the presence of a
stepfather from the effect of the absence of a father, this result
supports a testosterone-related genetic hypothesis. However, an
empirical study conducted on two community surveys reported that
polymorphisms of the androgen receptor gene was not related to
adverse fathering behaviors, although was later found to be related to
earlier age of menarche [56].

Although this hypothesis is interesting due to its genetic implica-
tion in the understanding of child development, several obvious
limitations exist. First, it does not account for the results observed in
men. Second, it does not exclude those genes associated with
reproductive traits present in mothers who also transmit genetic
information to their daughters. Additionally, other genes linked to
male behavior would be transmitted from the fathers to their sons.
Indeed, genetic variations might confound environmental effects on
reproductive development and behavior. Human heritability estimate
is 0.40 for pubertal timing, 0.28 for number of mates and range from
0.15 to 0.72 for age of first sexual intercourse (review in [26]).
However, further support for the X-linked androgen receptor hypoth-
esis must consider more than one generation, as a daughter receiving
this X-linked gene from her father will then transmit that gene to both
her male and female offspring. Population genetic modelling is
required in this case. Moreover, information on parental reproductive
behavior in our sample would be necessary for our understanding of
the importance of genetics on reproductive traits in both sexes.
5. Conclusion

Our results suggest that the relationship between changes in family
composition and reproductive traits of childrenare likely to result froma
combination of environmental and genetic factors. Reproductive out-
comes of individuals partly or completely raised in the absence of a
father may be only due to a genetic correlation between the father's
behavior and the children's reproductive traits, possibly misunderstood
if considered a priori as costs. However, some effects are surely due to a
loss of paternal care, especially those accentuated by the presence of a
stepfather (diversionofmaternal investment), andmaybe considered as
costs suffered by developing individuals. Whether the modifications of
reproductive traits are adaptive in the evolutionary sense requires the
identification of fitness benefits associated with the absence of a father.
The genetic link between child development and behavior of the father
may be relevant in order to further investigate and understand the
adaptive significance of certain responses to the family environment.
Proximate causes of changes in developmental traits in children have
not yet been fully deciphered. Understanding these mechanisms may
help confirmordisprove evolutionary hypotheses concerning responses
to modifications to the familial environment.
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Left-and right-handers have coexisted since the Palaeolithic age. Hand preference is
heritable. Moreover, there is extensive evidence of an association between left-
handedness and several fitness costs. In this context, the persistence of the
polymorphism is interesting. Here, we explore the associations between socio-
economic status and handedness, analysing data from two large cohorts of adult men
and women. Such associations are relevant to an evolutionary approach, as the socio-
economic and the reproductive value are related. Our results partly support the
hypothesis that left-handers have a socio-economic status advantage, countervailing the
health issues. Although the models explain a small proportion of the variance observed,
the frequency of left-handedness is significantly higher: (1) among women of higher
educational level; (2) among categories of higher income; and (3) among individuals who
have a higher position in the company. The importance of these findings for the
evolution of the polymorphism of handedness is discussed.

Left-and right-handers have coexisted since the Palaeolithic age (Faurie & Raymond,
2004). Hand preference is heritable (see e.g. Francks et al., 2002; McKeever, 2000; see

e.g. McManus, 1991; Sicotte, Woods, & Mazziotta, 1999). Moreover, there is extensive

evidence of an association between left-handedness and several health issues, for

example lower birth weight, poorer health, and higher accident rates (e.g. Aggleton,
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Kentridge, & Neave, 1993; Coren & Halpern, 1991; Gangestad & Yeo, 1997; Mandal,

Suar, & Bhattacharya, 2001; McManus & Bryden, 1991; O’Callaghan et al., 1987). In this

context, the persistence of left-handers is interesting. The frequency-dependent

advantage of left-handers in physical fights is strongly suggested by both the study of

interactive sports in industrialized societies (Brooks, Bussière, Jennions, & Hunt, 2003;

Goldstein & Young, 1996; Grouios, Tsorbatzoudis, Alexandris, & Barkoukis, 2000;
Raymond, Pontier, Dufour, & Møller, 1996) and a cross-cultural comparison of traditional

societies (Faurie & Raymond, 2005). However, it is unclear how this advantage operates

in Western societies. Moreover, left-handers may have other selective advantages.

Here, we propose to investigate the possibility of a socio-economic advantage of left-

handers. A socio-economic advantage is necessarily frequency-dependent: the status of

an individual is relative to the status of others in his/her social group. Socio-economic

status is an important component of the reproductive value in most human societies

(Bamshad et al., 1998; Bereczkei & Dunbar, 1997; Betzig, 1986; Chagnon, 1979;
Hill, 1984; Josephson, 1993; Mealey, 1985; Roskaft, Wara, & Viken, 1992; Taylor &

Glenn, 1976; Turke & Betzig, 1985; Udry & Eckland, 1984; Voland & Chasiotis, 1998)

and, despite the effects of demographic transition, it is true in Western societies as well

(Buss, 1999; Elder, 1969; Kaplan & Hill, 1986; Pérusse, 1993).

In the literature, there are three main theories that account for the relationship

between socio-economic status and hand preference. First, the genetic model advanced

by McManus (1991) claims that left-handedness is caused by a recessive allele, which

cancels out the pre-existing bias to the right. He believes that this recessive allele
persists because it bestows left-handers with some cognitive advantages. Another model

has been suggested by Annett (1985). She also believes that left-handedness is caused by

a recessive allele. In this case, however, she believes that the allele persists because of a

heterozygous advantage. Thus, individuals with a RS þ (‘right shift’) and a RS- allele will

have superior cognitive ability. Therefore, Annett’s model would predict that left-

handers have no special advantage. In fact, because they are homozygous for the RS-

allele, they will be at a disadvantage. Finally, Crow, Crow, Done, and Leask (1998)

suggest that people with weak lateralization will be at a disadvantage relative to those
with strong lateralization (irrespective of the side). All three theories make very different

predictions for the association between SES and hand preference.

An association between handedness and socio-economic status could be due to

possible differences in cognitive abilities. Differences in brain organization have been

observed between left- and right-handers (Annett, 1985; Christman & Propper, 2001;

Galaburda, 1991; Galaburda, LeMay, Kemper, & Geschwind, 1978; Steinmetz,

Volkmann, Jäncke, & Freund, 1991; Witelson, 1992; Witelson & Kigar, 1988). Brain

structures and functions are certainly linked to social and intellectual skills, on which
socio-economic status depends.

There is indeed an abundance of literature on cognitive abilities and handedness.

Left-handedness was found to be more frequent in specific populations with extremely

high or extremely low scores on tests of cognitive abilities (Annett & Turner, 1974;

Benbow, 1986, 1988; Hicks & Dusek, 1980; Levy, 1969; Miller, 1971; Netley & Rovet,

1984; Porac & Coren, 1980). However, negative findings have also been reported

(Bishop, 1990; McManus, Shergill, & Bryden, 1993; Powls, Botting, Cooke, & Marlow,

1996; Saigal, Rosenbaum, Szatmari, & Hoult, 1992).
In the general population, several studies have investigated the relationship between

laterality and various measures of intelligence, such as verbal, vocabulary and symbolic,

non-verbal reasoning tests, IQ and memory tests, visual manipulation exercises, reading,
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drawing or arithmetic abilities, and foreign language learning. Some studies found that

left-handers have lower intellectual performance, while others found no differences

between right and left-handers and an advantage for left-handers was observed in some

studies. The results of these studies are summarized in Table 1.

A clear trend is difficult to observe in this published literature: no clear relationship

emerges between intellectual ability and laterality. The different conclusions reached by
these studies could follow from methodological differences, which makes it difficult to

compare the results.

First, the various intellectual tests performed do not measure the same intellectual

skills. Left- and right-handers may perform differently in the various intellectual tasks

(Hicks & Beveridge, 1978). It is likely that left-handers differ in cognitive styles rather

than cognitive abilities. Moreover, there seems to be considerable heterogeneity in

cognitive abilities amongst non-right-handers, as suggested by the theory of a distinction

between pathological and non-pathological left-handedness (Dellatolas et al., 1993;
McManus, 1983). Nettle (2003) found that extreme right-handers have minimal variance

in IQ and left-handers have a large variance ( p , :001). The increased variance in IQ

among left-handers explains why a significant number of left-handers are observed at

both the lower and higher ends of the distribution.

Second, gender–handedness interactions are common in the literature. For example,

Faurie, Vianey-Liaud, and Raymond (2006) found a positive correlation between left-

handedness and several measures of school performance and leadership skills for boys

but a negative association for girls. Thus, gender effects can be another source of
discrepancies between studies.

Finally, there are a large variety of handedness measures in these studies. Numerous

discrepancies may result from the use of different measures of hand laterality, and in

cases where several measures were used simultaneously, discrepancies may result from

different decisions on how to deal with mixed-handedness (Nettle, 2003). Moreover,

relative hand skill variables are not independent of the overall level of hand skill (left

hand skill þ right hand skill), which is correlated with IQ (correlation .18, p , :001,
Nettle, 2003). Controlling for the confounding effects of overall hand skill, Nettle (2003)
found that as laterality increases in either direction away from equal hand skill, the

average IQ increases. Thus, the greatest cognitive abilities seem to be at the extremes of

handedness.

It is possible that handedness and socio-economic status are related through

occupational choice. Several studies have found left-handers to be more frequent in

some professions and some educational fields, for example arts (Mebert & Michel, 1980;

Peterson, 1979), music (Aggleton, Kentridge, & Good, 1994; Byrne, 1974; Hassler &

Gupta, 1993; Quinan, 1922), mathematics (Annett & Manning, 1990; Casey, Pezaris,
& Nuttall, 1992; Peters, 1991), and architecture (Peterson & Lansky, 1974). Several

studies have found evidence that creativity and novelty seeking is higher among

left-handers (e.g. Coren, 1995; Newland, 1981). However, the evidence is mixed and

comprehensive scientific studies on a possible relationship between socio-professional

categories and hand preference are scarce. Some studies found a higher prevalence of

left-handedness in classes of higher social or educational status (Annett & Kilshaw,

1983; Noroozian, Lofti, Gassemzadeh, Emami, & Mehrabi, 2002), some found the

opposite (Lamm & Epstein, 1999; Resch et al., 1997), and some failed to find any
relation at all (Brito, Brito, Paumgartten, & Lins, 1989). It is likely that there are a variety

of types of left-handedness, which may explain the often inconsistent results in the

literature on characteristics of that subpopulation.
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The objective of the present study is to explore the association between socio-

economic status and handedness. We will seek to investigate the relationship in two

large cohorts of adult men and women.

Methods

Study populations

Study 1: The SU.VI.MAX cohort
The objective of ‘Supplémentation en Vitamines et Minéraux AntioXydants’ (SU.VI.MAX)

was to study the incidence of cancers and cardiovascular disease in amiddle-aged general

population (Hercberg et al., 1998, 2004). In March–July 1994, information on the outline

of the study was presented in various public media, along with a call for volunteers

(women, aged 35–60, ormen, aged 45–60, living in France). Candidateswere expected to
return a signed informed consent and a completed self-administered questionnaire to

screen for eligibility. This questionnaire comprised items on handedness and on socio-

economic status. The protocol was approved by a medical ethics committee and the

national committee for the protection of privacy and civil liberties. Among the 79,976

candidates, 14,406 eligible subjects were selected. In the present sample 13,017 French

adults (7,876 females aged 35–60 and 5,141 males aged 45–60) were included.

Study 2: The GAZEL cohort
The GAZEL study is an ongoing longitudinal study, and its primary aim was to investigate

the occupational risk factors of impaired physical and mental health (Goldberg et al.,

2001). The GAZEL cohort was established in 1989 and originally included 20,624

subjects working at French electricity and gas company (EDF–GDF). The study cohort

was comprised of men aged 40–50 and women aged 35–50 at baseline. Since 1989, this

cohort was followed by means of yearly self-administered questionnaires and by data

collection from the company’s personnel and medical departments. The present
contribution to the GAZEL study was approved by a medical ethics committee and the

national committee for the protection of privacy and civil liberties in 2002.

Handedness and socio-economic status data

Study 1: SU.VI.MAX data
The data on handedness and socio-economic status were collected with a questionnaire.
The question on handedness was formulated as follows: ‘Do you consider yourself as (1)

a right-hander; (2) a left-hander; and (3) a left-hander who was forced to switch to the

right hand. The two latter groups were pooled into one single group of left-handers.

This assessment of handedness will be subsequently referred as “general” handedness.

The available information on socio-economic status included: (1) the educational level

of the subject (seven categories) and (2) the occupational category of the subject

(five categories, unordered).’

Study 2: GAZEL data
Questions on laterality were included in the self-administered questionnaire in 2003.

It comprised six items, four of which were on hand preference: for writing, throwing,
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manipulating a tool habitually used at work or in everyday life and turning a key in a

keyhole. An additional questionnairewas sent inMarch 2004 to a subsample of the cohort

(1,000 left-handers and 1,000 right-handers, based on the results of throwing handedness

from the 2003 questionnaire). This new questionnaire included an item on hand

preference for cutting with a knife (without holding a fork), for the focal individual, as

well as for his genetic offspring. Data had also been collected in 2001 on ‘general’
handedness by Dr Emmanuel Lagarde, member of one of the GAZEL teams. As for the

SU.VI.MAX study, we pooled the different categories of left-handers into a single group.

The information on socio-economic status available in the GAZEL cohort longitudinal

database included data obtained through questionnaires since 1989 and data supplied by

the EDF–GDF personnel department: (1) educational level of the individual in 1989 (five

categories); (2) position of the individual in the company in 1989 (three categories); (3)

occupational category of the individual in 1989 (five categories, unordered); (4)

leadership level of the individual in the company (five-level scale) as enquired by the
medical department in 1989; (5)monthly incomeof the household, based on annine-level

scale ranging from less than 5,000 Francs to more than 25,000 Francs in 1989 and on an

10-level scale ranging from less than 991 e tomore than 6,098 e in 2002; (6) the number of

persons in the household in 1989 and in 2002; and (7) the total value of the household’s

possessions owned by the individual in 2002 based on an nine-level scale ranging from

less than 1,525 e to more than 457,347 e (1 Franc ¼ 0:152 e ).

Statistical methods
The nature and causality of the potential relationship between socio-economic status

variables and handednesswas unknown. The socio-economic status variablewasa priori

chosen as the response variable in themodel,wheneverpossible that iswhen itwas either

a binary, continuous or count variable. The variable educational level was transformed

into a binary variable (individual passed the final exam of high school or not). It was then

analysed as the response variable. Otherwise, the response variable was hand preference
(a binary variable, coded ‘0’ for right-handers and ‘1’ for left-handers). Generalized linear

modelling was used with binary, Gaussian, or Poisson errors, depending on the type of

dependent variable (respectively a categorical variablewith only two levels, a continuous

variable, or a numeric variable in the form of count data). In all cases, sex and date of birth

were used as potential confounding variables and all possible two-way and three-way

(when applicable) interaction terms were included in the initial model. The minimal

model was obtained with the stepwise model simplification method, using either a Chi-

square-test (for binary or Poisson error) or an F test (for Gaussian error) to compare
models differing by only one term.When the minimal model contained interaction terms

involving the variable sex, men and women were studied separately to explore gender-

specific associations. For both cohorts, statistical analyseswere performedwith the S-Plus

statistical software package (Crawley, 2002).

Results

Study populations

Study 1: SU.VI.MAX cohort
A total of 12,741 subjects contributed to analyses (Hercberg et al., 2004). Among them,

846 had not answered the question on handedness. Consequently, the study sample
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included 4,720 men born between 1930 and 1953 (mean age in 1994: 51.1 ^ 4.7 years)

and 7,175 women born between 1933 and 1960 (mean age in 1994: 46.3 ^ 6.6 years).

Study 2: GAZEL cohort
In 2003, 14,732 subjects in the GAZEL cohort answered the self-administered

questionnaire that is 74.8% of the 19,688 subjects were asked to complete the

questionnaire. Of the respondents, 14,680 (99.6%) answered at least one item on hand

preference. The present study is mainly based on the 14,649 subjects comprised of

10,890 men born between 1939 and 1948 (mean age in 2003: 59.0 ^ 2.9 years) and

3,759 women born between 1939 and 1953 (mean age in 2003: 56.2 ^ 4.2 years), who

answered the question on throwing handedness (see explanations below). Among
them, 2,000 were selected for the 2004 questionnaire. Of the 1,394 respondents (return

rate of 69.7%), 1,379 answered the item on hand preference for knife use.

Handedness
Correlation coefficients between the various measures of hand preference in Study 2 are
presented in Table 2.

The measures of hand preference chosen to explore the associations with socio-

economic status in the GAZEL cohort were: (1) throwing handedness, because it was

previously used in cross-cultural studies (Raymond & Pontier, 2004) and has the

strongest correlation with hand preference for knife use and tool use, which were also
previously used in cross-cultural studies (Faurie, Schiefenhövel, Le Bomin, Billiard, &

Raymond, 2005), and because throwing was already an important adaptation for

ancestral hominids that is subject to selection pressures (Watson, 2001) and (2) ‘general’

handedness, for comparison with the SU.VI.MAX study, for which it is the only measure

of handedness available. The characteristics of the populations studied regarding these

two measures are indicated Table 3.

Note that writing handedness is weakly correlated with all the other measures,

including ‘general’ handedness.Writing handedness, for the generation of the individuals
of the cohort (born between 1939 and 1953), was influenced by strong social pressures

towards right hand use. The frequency of left-handed writers is only 1.6%, which is very

lowcompared to throwing handedness (8.7%) andcompared towhat is found in youngest

samples (13.56% in French schoolchildren: Faurie et al., 2006).

Table 2.Correlation coefficients (Kendall’s t) between handedness measures in the GAZEL cohort. All

are significant (p , :0001). As highlighted in grey, throwing handedness has the strongest correlation

with hand preference for both knife use and tool use, which were previously used in cross-cultural

studies (Faurie et al., 2005)

Writing Throwing Tool Key Knife

General .13 .60 .62 .47 .62
Writing .33 .34 .36 .27
Throwing .79 .69 .77
Tool .71 .71
Key .68
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Study 1: SU.VI.MAX cohort

Educational level and handedness
A total of 360 individuals who reported that they have had no education were

excluded from analyses. The other categories ranged according to the number of
years of education: primary school (793 individuals); technical school, low

level (1,356); secondary school (1,735); technical school, high level (1,334); high

school (1,417); superior studies, low level (1,891); and superior studies, high

level (2,938).

Response variable: ‘General’ handedness (binary). The minimal model obtained is

constituted by all the single terms: educational level (seven categories), sex and age

(11,464 individuals). The effect of educational level is significant (x2 ¼ 16:83, df ¼ 1,

p ¼ :02). The trend is an increase in the frequency of left-handers in higher educational
categories (0.87% of the variance explained).

Response variable: Success at the final exam of high school (binary). As the

interaction between age and sex was found to have a significant effect (x2 ¼ 17:57,
df ¼ 1, p ¼ :00002), the sexes were analysed separately. As shown on Figure 1a, in

either men or women, the frequency of left-handers was higher among individuals who

passed the exam, although this effect was significant only in women (men: x2 ¼ 2:09,
df ¼ 1, p ¼ :15; women: x2 ¼ 5:63, df ¼ 1, p ¼ :02, 2.75% of the variance explained,
odds ratio 1.11).

Occupational category and handedness
The five categories are: farmers, self-employed (760); managerial staff, professionals
(3,208); intermediate (4,359); employees (2,605); and unemployed (484). As the

unemployed category only contained five males, they were excluded from the

analyses.

Response variable: ‘General’ handedness (binary). The minimal model obtained

is comprised of the variables sex and age only (11,412 individuals). The effect

of occupational category is not significant (x2 ¼ 2:23, df ¼ 4, p ¼ :7), even when

the sexes were analysed separately (x2 ¼ 2:55, df ¼ 4, p ¼ :6 for men and x2 ¼ 2:56,
df ¼ 4, p ¼ :6 for women).

Table 3. Hand preference characteristics of the populations studied. N refers to sample size

‘General’ handedness % left-handers
(N)

Throwing handedness % left-handers
(N)

GAZEL cohort
Men 10.55%  (10,437) 9.00%  (10,890)
Women 9.35%  (3,517) 7.77%  (3,759)

SU.VI.MAX cohort
Men 10.38%  (4,720) –
Women 9.41%  (7,175) –
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Study 2: GAZEL cohort

Educational level and handedness
The categories correspond to the number of years of education: primary school

(832 individuals); secondary school, first level (3,986); secondary school,

second level (3,065); secondary school, third level (1,053); and superior studies
(5,111).

Figure 1. Frequency of left-handers according to educational level. (a) In the SU.VI.MAX cohort.

Educational level categories were pooled into a binary variable, representing the success at the final

exam of high school. In both men and women, the frequency of left-handers was higher among

individuals who passed the exam. The effect of handedness in a logistic regression with educational level

being the response variable is significant only for women (men: p ¼ :15; women: p ¼ :02). Sample sizes

are indicated above the boxes. (b) In the GAZEL cohort. Educational level categories were pooled into

a binary variable, representing success at the final exam of high school. The effect of ‘general’

handedness in a logistic regression with educational level being the response variable is not significant,

although close to significant in women (p ¼ :1). Sample sizes are indicated above the boxes.
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Response variable: Handedness (binary). The minimal model obtained comprises

the variables age and sex only (14,047 individuals). The effect of educational level is not

significant (throwing handedness: x2 ¼ 2:72, df ¼ 4, p ¼ :6; ‘general’ handedness:
x2 ¼ 1:87, df ¼ 4, p ¼ :8).

Response variable: Success at the final exam of high school (binary). As the

interaction between age and sex was found to have a significant effect (x2 ¼ 41:96,
df ¼ 1, p , :00001), the sexes were analysed separately. For either men or women, the
minimal model is comprised of the variable age only. Throwing handedness has no

significant effect (x2 ¼ 0:03, df ¼ 1, p ¼ :9 for both men and women).
For comparison with the SU.VI.MAX study, similar analyses were also performed with

‘general’ handedness (Figure 1b). Because of interaction effects, sexes were again

analysed separately. No effect of handedness was found in men (x2 ¼ 0:81, df ¼ 1,
p ¼ :4). Among women, the effect of handedness was marginally significant: the

frequency of left-handerswasmarginally higher amongwomenwho passed the exam (10

vs. 8.5%, x2 ¼ 2:71, df ¼ 1, p , :1, 0.93% of the variance explained, odds ratio 1.10).

Occupational category and handedness
The five categories are: managerial staff, professionals (4,481); intermediate,

administrative (4,092); intermediate, technical (6,155); intermediate, trade (864); and
employees, workers (3,680).

Response variable: Handedness (binary). The minimal model obtained comprised all

the single terms plus the interaction between age and occupational category, which was

significant (x2 ¼ 11:40, df ¼ 4, p ¼ :02) and reflected changes over time. It explains

0.33% of the variance (13,742 individuals). When sexes are analysed separately, it

appears that the effect of this interaction is present in men (x2 ¼ 10:49, df ¼ 4,
p ¼ :03). For example, the frequency of left-handers in the highest category

(‘managerial staff, professionals’) increases and becomes the greatest of all categories

in the youngest generations (men born after 1946).

In comparison to the SU.VI.MAX cohort, the same analyses were also performed with

‘general’ handedness (N ¼ 13; 096) and similar results were obtained.

Income and handedness
Information on incomewas available for men andwomen of the GAZEL cohort. The nine

categories in 1989 ranged from less than 5,000 Francs to more than 25,000 Francs and

the 10 categories in 2002 ranged from less than 991 e to more than 6,098 e. Using

average values, the variables were transformed into numerical variables. Then, we

compiled the data from 1989 to 2002 to obtain the approximate average income

in Francs.

Response variable: Throwing handedness. The maximal model included sex, age,

income (averaged from data in 1989 and 2002) and the number of persons in the

household (averaged from data in 1989 and 2002), plus two- and three-way interactions.

The minimal model includes the variables age, sex, income, and the interaction between
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age and income (x2 ¼ 5:6, df ¼ 1, p ¼ :018). The predicted values of the frequency of
left-handers in the minimal model increase as a function of income, as represented

on Figure 2.

Response variable: Average income for the years 1989 and 2002. In the minimal

model, three significant interactions remained (12,433 individuals): between age and

throwing handedness (F ¼ 4:35, df ¼ 1, p ¼ :037); between age and sex (F ¼ 9:80,
df ¼ 1, p ¼ :002); and between sex and number of persons in the household

(F ¼ 168:39, df ¼ 1, p , :00001).
When sexes were analysed separately, the minimal model for men contained age,
handedness, number of persons in the household. The relationship between age and

handedness was significant (F ¼ 5:18, df ¼ 1, p ¼ :02). The model explained 1.75%

of the variance. Figure 3 shows the predictions of the model: left-handers have

a higher average income, when controlling for age and number of persons in

the household.

For women, handedness has no significant effect (F ¼ 1:50, df ¼ 1, p ¼ :2).

Ownership and handedness
The nine categories of ownership ranged from 1,525 e to 457,347 e. Using these values,

the variable was transformed into a numerical variable.

Response variable: Total value of ownership in 2002. The minimal model contains

the variables age, sex, number of persons in the household, the interaction between sex

Figure 2. Predicted values of the frequency of left-handers in the GAZEL cohort, as a function of

income in 1989, in the minimal model, which includes sex, age, income, number of persons in

household, the interaction between income and age, and between income and number of persons in

household (response variable: throwing handedness). The boxes show the limits of the middle half of

the data, the lines inside the boxes represent the medians. The whiskers are drawn to the nearest value

not beyond a standard span from the quartiles (1.5 £ (inter-quartile range)); points beyond (outliers)
are drawn individually.
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and age and between sex and number of persons (11,895 individuals). Handedness did

not have a significant effect ( p ¼ :6).

Position of the individual in the company and handedness
There are three different possible types of position in the EDF–GDF Company: ‘workers’

represents the lowest; ‘control’ is intermediate; and ‘managerial staff’ is the highest.

They can be used as a simple measure of socio-economic status. In this sample, 14% of

men and 26% of women belong to the ‘execution’ category, whereas 31% of men and 8%

of women belonged to the ‘managerial staff’ category (total sample size: 10,592 men

and 3,536 women).

The minimal model is constituted by the single terms age, sex and position (13,064
individuals). Left-handers are less frequent in low positions (7.4%) and high positions

(8.2%), and more frequent in middle positions (9.3%) (x2 ¼ 10:15, df ¼ 2, p ¼ :006).
The significance of the result is due to the difference in frequency of left-handers

between the low and middle positions (pairwise comparisons). When the middle and

high positions are pooled into a single category and the variable position in the company

is used as the response variable in a logistic regression, the effect of handedness is

significant (x2 ¼ 5:36, df ¼ 1, p ¼ :02; 2.78% of the variance explained, odds ratios:

1.08 for men, 1.18 for women). Left-handers are underrepresented in low positions and
overrepresented in higher positions.

Leadership of the individual in the company and handedness

Response variable: Throwing handedness. The minimal model obtained contains only

the terms age, sex and their interaction. Leadership has no significant effect (p ¼ :7).

Figure 3. Average income (1989 and 2002) as a function of average number of persons in household, in

men of the GAZEL cohort: observed data and predictions of the minimal model (response variable:

income, controlling for age). Points: observed data for left-handers (open circles) and right-handers

(crosses). Lines: fitted values for left-handers (continuous line) and right-handers (dotted line). One

point (a right-handed man with 13.5 persons in household on average) is not represented.
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Response variable: Leadership (binary). The variable leadership was transformed

into a binary variable: ‘had at least sometimes a leadership position’ or ‘had never’. The

minimal model contains only the terms age and sex. Handedness did not have a

significant effect ( p ¼ :5).

Discussion

This report examined the hypothesis that handedness is associated with socio-economic

status. Our main results are summarized in Table 4.

Educational level
In the present study, in both SU.VI.MAX and GAZEL cohorts, left-handedness was

associated with a higher probability of passing the final exam of high school among

women (see Figure 1 and Table 4).

There have been several previous attempts to relate handedness to educational level.
Depending on the studies, left-handers seemed to have an advantage (Lansky, Feinstein,

& Peterson, 1988; Noroozian, Lofti, Gassemzadeh, Emami, & Mehrabi, 2002) or a

disadvantage (Resch et al., 1997). The discrepancy in these results could have various

causes, for example the cross-cultural variability in educational systems, in social effects

on handedness, or in gender effects on educational attainment.

Similar to the present study, several studies have revealed a gender effect on the

relationship between handedness and school performance (Annett & Kilshaw, 1983;

Faurie et al., 2006; Sanders, Wilson, & Vanderberg, 1982).

Occupation and income
In the GAZEL cohort, a significant increase of the frequency of left-handers with

increasing income is observed for both sexes, especially in men (see Figures 2 and 3, and
Table 4). With respect to position in the company, left-handers are more frequent in high

and middle positions, as compared to the low positions.

These aspects of socio-economic status were rarely considered in previous studies

on handedness. (Lansky, Feinstein, & Peterson, 1988) found that among males, left-

handers have a higher occupational status than expected by chance. Denny and

O’Sullivan (2007) found a significant positive effect of left-handedness on male earnings

and a negative effect on female earnings. (Ruebeck, Harrington, & Moffitt, 2007) also

found an income advantage for left-handed men, but not for females.

Conclusions

We cannot conclude from our results that there is a causal relationship between

handedness and educational level or income. However, the present study shows that
associations, although rather weak, clearly exist.

Several limitations of this study are worth noting. The SU.VI.MAX cohort is

constituted of volunteers of the general population, whereas in the GAZEL cohort,

several professional categories were not represented, as all the subjects are workers in

the EDF–GDF Company. The rate of response to the self-administered questionnaire
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in 2003 (74.8%) and in 2004 (69.7%) can be considered satisfactory. However, a

selection bias cannot be totally excluded.

The strong points of this study should also be stressed. The study was based on two

independent cohorts, which enables comparison. The sample sizes are very large,

which enables us to tease out relatively small effects. In addition, the present study

included both men and women, and as the sexes were analysed both together and
separately, we were able to evaluate gender effects and explore sex-related differences

regarding the relationship between handedness and socio-economic status. Our samples

represent a fairly wide spectrum of the general population, and our analyses included

several relevant confounding variables, thus reducing potential biases.

Globally, our findings reveal a complex association between handedness and socio-

economic status. Although the effects are quite small, our results support the hypothesis

that left-handers have a socio-economic status advantage, countervailing their costs.

Left-handedness frequency is significantly higher: (1) among women of higher
educational level; (2) among categories of higher income; and (3) among individuals

who have a higher position in the company.

The observed relationship could be due to brain differences between left- and right-

handers. Another possibility is that socio-economic status and hand preference may

be related through cultural influences. It is likely that individuals with a high status

were themselves raised in families of high socio-economic status. These families may

have been more tolerant of individuality – such as left-handedness. They may also have

sent their children to schools that were more tolerant of left-handedness. Thus, a higher
incidence of left-handedness in individualswith higher socio-economic statusmay be the

result of a more liberal developmental environment. Therefore, left-handers could

be found in the higher status categories, not because of any special ability – but because

theywere brought up in amore tolerant environment. However, with the GAZEL cohort,

we had the opportunity to collect information on hand preference for throwing, which is

not likely to be influenced by familial and social pressures, like writing handedness.

The models explain a small proportion of the variance. However, the associations

found are interesting from an evolutionary point of view, as reproductive value is not
independent of socio-economic status. Is this advantage likely to act as a sufficient

selective pressure to maintain the polymorphism of handedness in Western societies?

The advantage of left-handers in fighting interactions, which has an important effect in

traditional societies (Faurie & Raymond, 2005), is probably no longer significant in

Western societies, where the type of violence has dramatically changed. In the present

study, we show that left-handers have higher average incomes. This could constitute an

important reproductive advantage (Buss, 1999; Elder, 1969; Kaplan & Hill, 1986;

Pérusse, 1993). The incidence of left-handedness has been found to be very high in
some social categories, as artists and musicians (Peterson, 1979; Quinan, 1922),

mathematicians (Annett & Manning, 1990; Peters, 1991), and sport competitors

(Raymond et al., 1996). The extent to which the reproductive advantage of these

categories (e.g. Faurie, Pontier, & Raymond, 2004) contributes to persistence of the

polymorphism remains to be formally investigated.
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Summary  
 

Extraversion, a personality dimension associated with sociability, activity and 

dominance, predicts men’s mating effort in various human populations. Individual differences 

in extraversion are likely to be mediated through testosterone, a strong hormonal correlate of 

men’s reproductive effort. The link between testosterone and personality is, however, still 

unclear partly due to the lack of a general framework for interpreting conflicting findings. 

Using data from a high-fertility polygynous population, we test the hypothesis that only 

personality dimensions involved in men’s reproductive effort are regulated through variation 

in testosterone. We first confirm that extraversion, a dimension predicting men’s mating 

behaviour in this population, is associated with inter-individual differences in testosterone 

profiles, with men in the top quartile of extraversion having 29% higher testosterone. We then 

show that neuroticism, openness and agreeableness are independent from testosterone levels. 

Since extraversion is the only personality dimension predicting men’s mating and 

reproductive success in this population, we suggest that variation in testosterone levels is 

primarily relevant for traits related to reproductive effort. This has further implications for 

understanding the role of male reproductive strategies in the maintenance of personality 

variation. 

 

 
 
Key words: personality, testosterone, humans, extraversion, mating effort 
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Introduction 
 

 

Personality traits, defined as stable individual behavioural dispositions, predict male 

reproductive success in various non-human species (Smith and Blumstein 2008). For instance, 

bold individuals (i.e. those displaying high-risk behaviours) gain more offspring, but boldness 

also incurs survival costs (Smith and Blumstein 2008). Boldness has been likened with 

extraversion in humans (Gosling 2001), reflecting sociability, assertiveness, activity, 

dominance and positive emotions (McCrae and John 1992). Extraverted men are engaging 

more in risky behaviours, but extraversion also positively predicts men’s mating success in 

both modern (reviewed in Nettle 2005) and traditional human populations (Alvergne et al.), 

including higher number of lifetime sexual partners, a higher frequency of extra-pair 

copulations (Nettle 2005) and an increased probability of polygyny (Alvergne et al.). Such 

improved mating effort and success is ultimately translated into a higher number of children 

in populations not relying on contraception (Alvergne et al.).  

 

Male mating effort is balanced against paternal investment. This trade-off is regulated through 

testosterone in a wide range of species including humans (McGlothlin et al. 2007, for the 

current population see Alvergne et al. 2009), with high levels of testosterone predicting high 

investment in mating effort. Consequently, behaviours involved in mating effort should be 

proximally regulated through testosterone. However, while extraversion reflects mating effort 

in men, it is unknown whether variation in extraversion is associated with variation in 

testosterone profiles. First, testosterone levels positively predict a wide range of psychological 

factors related to both prosocial and antisocial behaviours, such as sensation-seeking 

(aggressiveness (Archer 2006; Blanco et al. 2001); deviant behaviours (Booth 1993; Dabbs Jr 

et al. 1987; Daitzman and Zuckerman 1980); dominance (Mazur and Booth 1998); but see 

(Rosenblitt et al. 2001)), but it is unclear why testosterone is associated with apparently 

contradictory personality profiles. The interpretation of the link between testosterone and 

personality is further complicated by the samples studied so far, i.e., individuals with 

pathological behaviours, inmates, or college students, which are not always representative of 

the general population of reproductive males. Finally, all previous studies of testosterone and 

personality have been conducted in modern environments with non-natural fertility, thus 

limiting the generalisation of the results. Following current knowledge on the evolved 

function of testosterone, i.e., regulating male mating effort, we hypothesize inter-individual 



 4 

differences in personality dimensions to be predicted by variation in testosterone levels only 

for those personality traits that predict mating success in the given population.  

 

We investigate the relationship between testosterone and personality in men from a 

high-fertility, polygynous Senegalese population. This population of subtraditional 

agricultors, characterized by relatively homogenous socio-economic environment (as 

compared to modern populations), presents several advantages. First, the competition between 

males that results from the polygynous mating system translates into differential reproduction. 

Second, inter-individual differences in testosterone have previously been shown to predict 

men’s mating effort in the same population (Alvergne et al. 2009). Finally, the link between 

personality and reproductive success has already been established, with personality assessed 

using the most widely acknowledged model of personality (i.e. Big-Five factor model 

(McCrae and John 1992)): while high extraversion in this population predicts men’s mating 

success, other personality traits (neuroticism, agreeableness, openness) do not (Alvergne et 

al.). We hypothesize that inter-individual differences in testosterone levels are related to 

variation in personality only for the extraversion dimension. 
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Methods  

 
1. Study Population 
 
The study was conducted in traditional villages in rural Senegal. The most frequent ethnic 

groups in this area are the Sereer and the Wolof. The population is agricultural with both 

subsistence and cash crops and characterized by patrilocality and patrilineal inheritance, with 

polygynous marriages allowed. Recruitment of families and data collection were approved by 

both the French National Committee of Information and Liberty and the ethical committee of 

the Senegalese National Research Council for Health, and informed consent was obtained 

from all participants. We recruited a total of 41 men, all fathers, from four villages and with 

age averaging 41.0 years (30-51). Selection of both the villages and the men was random 

(although dependent on the willingness of families to participate), and for one village, all 

resident men were included, so our sample is likely representative of the larger community.  

 

2. Demographic and anthropometric data 

 

To investigate the underlying pathways through which personality could be related to T-levels 

and to control for any confounding effects on hormonal levels and personality, we collected 

information on men’s age, body condition (body mass index=weight/height², marital status 

(i.e. monogamous, N=27 or polygynous, N=14), number of children, birthorder and social 

status. Social status was classified based on the type of house: eithermodern, made with 

expensive material and resistant to several raining seasons (high social status, N=16), or 

traditional, made with cheaper material and resistant to fewer raining seasons (low social 

status N=25). 

 
 

3. Personality assessment 
 
a) Procedure 

Personality was assessed using an adapted version of the international big-five mini-markers 

questionnaire, informing on the five personality dimensions, i.e. extraversion (E), 

agreeableness (A), neuroticism (N), openness (O) and conscientiousness (C) (Thompson 

2008). Originally composed of 40 items, the questionnaire was reduced to 27 adjectives after 

assessment of the functional and conceptual equivalence of the adjectives in the Senegalese 

culture and to keep the questionnaire short to maintain participant attention. Interviews were 
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conducted in privacy between each participant and the researcher. The questionnaire was 

translated into the local language by linguists specialized in the local languages and played 

using a voice recorder. The participants were told to describe how much each adjective 

described their personality on a scale ranging from 0 to 3 (0: not at all; 1: a little bit; 2: a lot, 

3: perfectly). Only questions maximizing the internal reliability of each dimension assessed 

through α-cronbach coefficients were kept to build personality variables (See Alvergne et al.). 

The reliability of the obtained personality traits did not differ from those usually found in 

Africa (E: .55; A: .62; C: .68; N: .63; O: .58, (Schmitt 2008)).  

 

b) Reliability, Independence and effect of age 

All dimensions were independent from each other (r<0.20), with the exception of 

conscientiousness and openness, which were significantly positively related (r=0.34, df=60, 

P<0.01). Given that conscientiousness was strongly enforced by cultural standards, in further 

analyses we retained only openness, which was more variable and less skewed towards higher 

score. All personality dimensions were independent of age (all |r|<0.15)  

 
 
 

4. Hormonal data 

 

a) Sample Collection  

Testosterone (T) levels were measured from saliva. This non-invasive technique has 

previously been validated and yields T-levels that are highly correlated with serum levels 

(Ellison 1988; Read 1993). Men provided morning samples on two consecutive days: 

morning levels are less likely to be affected by behavioural and short-term ecological effects 

than afternoon levels, and are thus more likely to reflect endogenous physiological differences 

between subjects (Gray et al. 2007). Participants were asked to rinse their mouth with water 5 

minutes before providing saliva. The time of collection (8-11 am) is not correlated with T-

levels (day 1: Pearson’s correlation, r= -0.11, df=33, P=0.52; day 2: r=0.18, df=33, P=0.29).  

 

b) Assessment of testosterone (T) levels 

T-levels in saliva were determined by Luminescence Immuno Assay (LIA) technique, using 

LIA Testosterone kits (IBL, Hamburg; see Alvergne et al. (2009) for details). The two saliva 

samples of each participant were run in duplicate and had a mean intra-assay CV of 
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6.24%±3.24. Inter-assay CV for T measurements were 23% for low controls and 11% for high 

controls. The morning T-levels measured for the first and second day are significantly 

correlated (Pearson product-moment correlation, r=0.69, df=33, P<0.001). The variable used 

for statistical analysis corresponds to the mean morning T-levels obtained on day 1 and 2 

(mean±s.d = 60.8±28.5 pg/ml). 

 
5. Statistical analyses 

 

We used mixed effects models to control for inclusion of four villages in our study. We first 

investigated the effects of potential confounding variables to explain variation in basal T-

levels. Basal T-levels were normalized using a log-transformation. Second, we investigated 

whether inter-individual differences in personality are predicted by variation in T-levels. First, 

for each personality dimension and T-levels, the effect of potential confounding variables was 

investigated, i.e. age, ethnical group, BMI, birthorder and social status. Then, the link 

between basal T-levels and personality was investigated controlling for variables that were 

found confounding in the first place. When the response was modelled as Gaussian (T-levels), 

P-values were obtained using F-tests. For Poisson distributions (i.e. for personality traits), P-

values, estimates and confidence intervals were calculated from posterior distribution of the 

parameters generated by mixed models (Bates and Sarkar 2007). Analyses were carried out 

with R.2.4.1. 
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Results 
 
We found evidence that variation in testosterone levels in men predicts inter-individual 

differences in personality only for the dimension associated with mating success. T positively 

predicts extraversion (β=0.56; 95% CI [0.07-1.064], P=0.03, Fig 1.a.), a dimension previously 

found to be associated with marital status. T-concentrations are 29% higher in men from the 

top quartile of the extraversion dimension (mean±s.d. = 45.80±1.44) than in men from the 

lower quartile (64.87±1.48). Overall, T-levels alone accounts for 15.2% of the variance in 

extraversion. Other personality traits not related to mating success were not related to 

variation in T-levels (i.e. neuroticism (β=0.08; 95% CI [-0.33-0.51], P=0.68, Fig 1.b.); 

openness (β=0.04; 95% CI [-0.38-0.46], P=0.84, Fig 1.c) and agreeableness (β= - 0.03; 95% 

CI [-0.45-3.62], P=0.87, Fig 1.d). These analyses are controlled for age, which negatively 

predicts variation in testosterone levels (β±s.d.= -0.04±0.02, F1,23=5.61, P=0.03). The findings 

are not confounded by either birthorder, body mass index, ethnical group or social status, all 

independent from variation in testosterone levels (P=0.49; P=0.67; P=0.24; P=0.42, 

respectively).  

Figure 1. 
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Discussion 
 

We found that extraversion, a personality dimension reflecting a sociable, outgoing, 

risk-taking, and dominant behavioural disposition, was positively associated with testosterone 

levels in men from a high-fertility Senegalese population. By contrast, neuroticism, openness 

and agreeableness were not related to testosterone, indicating that testosterone may be 

correlated only with personality traits related to mating success in the local environment. 

These results have implications both to consider the role of the local environment in driving 

the link between testosterone and personality dimensions and to discuss the evolutionary 

scenario for the maintenance of variation in personality. 

Our finding that only the personality dimension relevant to reproductive success in the 

studied population is predicted by testosterone level highlights the role of the environment in 

shaping how inter-individual differences in personality are proximally regulated. Indeed, 

building on these results, we hypothesize that variation in personality will be predicted by 

testosterone levels only for dimensions that are related to men’s mating effort in a given 

socio-ecological environment. However, depending on the environment, resource acquisition 

and subsequent mating access may be optimized by different values of a given personality 

dimension. This, is turn, might explain why testosterone is associated with both prosocial and 

antisocial behaviours, depending on the population. The relationship between personality and 

reproductive success should first be investigated to understand the link between testosterone 

and personality.  

Personality research has recently undergone a surge of interest from behavioural 

ecologists, and there is now strong evidence that inter-individual differences in temperament 

is associated with differential reproduction among individuals both in nonhuman animals and 

humans (Alvergne et al.; Jokela et al. 2009; Smith and Blumstein 2008). The evolutionary 

forces involved in creating and maintaining personality variation are however still debated 

(Smith and Blumstein 2008). The present association between extraversion and testosterone 

suggests that variation in extraversion results from differences in reproductive strategies (i.e. 

relative investment in mating vs. investment effort) in the population. This supports the trade-

off hypothesis according to which variation is personality can be maintained if personality 

traits are linked with life-history traits (Biro and Stamps 2008; Nettle 2005). More generally, 

research on the proximate mechanisms underlying personality variation might help testing 

competing scenarios. 
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Figure legend 

Figure 1. Testosterone and personality dimensions. a) extraversion; b) neuroticism, c) 

agreeableness, d) openness. The log of basal testosterone is regressed against each 

personality dimension. Raw data are indicated by dots and plain lines correspond to fitted 

relationships. A positive correlation between testosterone and personality is observed for the 

extraversion dimension.  
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ABSTRACT 

There is extensive evidence that parental separation during childhood correlates with negative 

outcomes in offspring. However, both the absence of a parent or the presence of a step-parent may 

account for these observations. Indeed, it is well established that stepparents are discriminative 

in their investment, as predicted by kin selection theory. Using a sample of 987 male and female 

French university students, we investigated the effects of father absence and stepfather presence on 

success at final exam in high school. Although father absence did not seem to impact success at final 

high school exam, we showed that stepfather presence was associated with a significantly lower score. 

We discuss the hypothesis of diversion of maternal investment by the stepfather, as well as several 

alternative explanations, in the context of evolutionary theories on the evolution of parental 

investment. 

 

 

Key words: parental investment, family structure, child development, father absence, stepfather, 

socio-economic status, educational achievement. 
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INTRODUCTION 

 

Humans are characterized by an extended juvenile period which is suggested to be important 

to acquire physical, social and cognitive competencies that support survival and reproduction [Mayr, 

1974 #1893; Geary, 2000 #1894]. This long developmental period is related to a high dependency on 

adult care giving [Bogin, 1997 #1895; McHenry, 1994 #1896], namely, parental investment, which 

enhances children’s reproductive success at the expense of the parents' ability to invest in other 

components of fitness [Clutton-Brock, 1991 #1390; Trivers, 1972 #1391]. In humans, levels of father 

investment are high relative to other mammals, although the expression depends on ecological factors 

[Geary, 2000 #1394].  

When the caretaking environment is modified, for instance when one parent leaves and/or a 

stepparent arrives, the level of parental investment may be modified [Lawson, 2009 #1891]. The effect 

of a change in family structure on children has been the focus of many studies for at least one century. 

In many historical and contemporary populations, mother’s death was shown to dramatically affect 

child survival [e.g. \Pavard, 2005 #1640]. Concerning father absence, evidence for an impact on child 

survival was found in 7 of 15 populations [reviewed in \Sear, 2008 #1646], but many studies have 

consistently shown long-term negative effects on social behaviour [Flouri, 2002 #682; Geary, 2006 

#1897; Pfiffner, 2001 #1898], psychological health [Flouri, 2003 #522], and socio-economic status in 

adulthood [Nettle, 2008 #1846]. Modifications of familial structure due to marital conflicts appear to 

be a key factor for offspring outcomes. More specifically, parental separation during childhood 

appears to be associated with earlier sexual activity, earlier puberty, earlier age at first sexual 

intercourse, more sexual partners, teen pregnancy, and unstable marriage [Ellis, 2000 #1899; Ellis, 

2003 #1297; Kim, 1999 #1900; Maestripieri, 2004 #1901], and to affect endocrine patterns [Flinn, 

1997 #4; Alvergne, 2008 #1840]. 

However, both the absence of the father and the presence of a stepfather may account for these 

observations. Indeed, another event that may follow parental break-up is the arrival of a step-parent. 

Remarriage occurs more often in pre-industrial societies than in industrial societies because of higher 

mortality risks [Hewlett, 1991 #1902; Marlowe, 1999 #1118], but the frequency is currently increasing 
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in industrial societies. In France, more than 40% of married couples divorce, and after parental 

separation, in the majority of cases, children live most of the time with their mother (with or without a 

stepfather). Parental investment evolved by improving inclusive fitness [Hamilton, 1963 #1046] and is 

expected to be selected against when directed towards unrelated offspring [Power, 1975 #1914]. 

Therefore, evolutionary theory predicts that stepfathers will provide less investment [Daly, 1998 

#1913]. One can argue that stepfathers are often observed to dispense some investment in their 

stepchildren. This behaviour might either be maladaptive or be an adaptive mating strategy [Rohwer, 

1999 #16]. For example, investment in stepchildren has been interpreted as mating investment, i.e. as 

being provided to enhance chances of reproducing with the mother [Anderson, 1999 #1903; Marlowe, 

1999 #1118]. 

Nevertheless, there is extensive evidence of discriminative investment by stepparents across 

cultures [Daly, 1981 #1421]. Children raised in a step-family receive less general investment, less 

educational investment as well as less financial support than children raised by their two genetic 

parents [Anderson, 1999 #1904; Case, 2001 #1116; Downey, 1995 #1887; Lancaster, 2000 #1905; 

Marlowe, 1999 #1120; Zvoch, 1999 #1906]. A stepfather can also induce costs for stepchildren. These 

costs appear to be sometimes high; for instance, stepchildren are at higher risk of infanticide [Daly, 

1994 #51; Daly, 1988 #72] and sexual abuse [Klevens, 2000 #1907; Russel, 1984 #1908; Sariola, 

1996 #1909]. 

In this paper, we propose to investigate the effects of father absence vs. stepfather presence 

between age 15 and 20 on educational achievements. Educational achievement can indeed be 

considered as a proximate cue for future socio-economic status, which is an important fitness 

component, since: 1) it is likely to affect health status, as it determinates both the quantity and the 

quality of resources individuals can obtain [Wilkinson, 2000 #125]; 2) it has been shown to be related 

to reproductive success, with high status men leaving more offspring than lower status men [Buss, 

1999 #224; Fieder, 2005 #1801; Cronk, 1991 #500], and/or being more likely to reproduce at all 

[Fieder, 2007 #1854; Nettle, 2008 #1846]. 

We used the score at high school final exam “Baccalauréat” as a measure of educational 

achievement at age 17-18, in a sample of French University students. Created in 1808, the 
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Baccalauréat has a great importance in French culture, well beyond the fact that it is required to study 

at universities. It is also required to access a wide range of employments, and those who do not pass it 

will be restricted in social advancement. For example, in a sample of 18798 French adults [Gazel 

cohort, see \Faurie, 2008 #1206], the 42% who passed the Baccalauréat had a 21% higher income than 

the others. 

Moreover, it plays an important symbolic role in social prestige and social recognition. It is 

somehow part of the rite of passage to adulthood, with the driving licence and the right to vote. In 

France, in 2004, less than 35% of all individuals aged at least 16 succeeded the Baccalauréat, but 51% 

of individuals aged between 16 and 20 succeeded, (80% of the 603993 candidates) (see 

www.education.gouv.fr and www.uis.unesco.org). 

 

 

METHODS 

 

Questionnaire: 

An anonymous questionnaire was proposed in December 2004 to 1,200 students attending the 

University of Sciences of Montpellier, during the last fifteen minutes of their teaching course. All 

academic levels were sampled. Recruitment was based on voluntary participation. All subjects were 

informed about the general aim of the study (effect of family environment on various traits) and that 

their answers would remain confidential. 1,088 questionnaires were filled. 

Students reported the score they obtained at their “Baccalauréat” (high school final exam, a 

score above 10, on a 0-20 scale, allowing access to the university). They were asked to report with 

whom they lived from age 15 to 20 (Baccalauréat is usually around age 16-18), with six possible 

answers: either by their 2 genetic parents, by their mother and a stepfather, by their father and a 

stepmother, by their mother alone, by their father alone, or by individuals other than their parents. 

The frequency of parental separation was 25.7% in our sample. The data set was cleared of 

individuals who had a deceased parent or were adopted, and of individuals in the familial structure 

“raised by others”. Two familial structures (“raised by father only” and “raised by father and 
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stepmother” between age 15 and 20) were also removed due to their low frequencies (respectively 

1.2% and 1.5%). 

 

Statistical analysis 

 

 Data concerning the score at Baccalauréat were obtained from self-reported questionnaires. 

Consequently, their distribution suffers from cognitive and memory biases that leads certain values to 

be repeated several times. The multimodality of the distribution and the large number of ties in the 

dataset interferes with classical statistical analysis [Manly, 2007 #1910]. Therefore, analyses were 

performed based on randomization tests, as described in Manly [, 2007 #1910\, Chapter 8]. 

 After checking that variances in scores at the Baccalauréat did not differ between the three 

familial structures (genetic parents, mother alone and mother with stepfather) using a randomized 

version of the Levene’s test [Manly, 2007 #1910], we performed randomisation tests to 

simultaneously analyse effects of familial category, student’s sex and the interaction between these 

two variables on the score at Baccalauréat. Both randomisation tests presented by Manly [, 2007 

#1910\, Chapter 8] – namely, one based on the permutation of raw data and another based on the 

permutation of residuals – were performed. Confidence intervals on estimates (hereafter labelled 

CI95%) were calculated using bootstraps. All statistical analyses were performed using the R software 

(R.2.9.2, 2009). 

 

 

RESULTS 

 

Our sample comprised 987 students (720 women, 267 men): 781 individuals lived with their 

two genetic parents between age 15 and 20, 118 lived with their mother alone, and 63 lived with their 

mother and a stepfather. Age varied from 15 to 26, with a mean age of 20.9 (± 1.7) for women and 

21.9 (± 1.8) for men. Age did not significantly differ (Kruskal-Wallis, P = 0.98) between the three 

categories of family structure (biological parents, mother alone and mother with stepfather) 
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In our sample, scores at high school final exam (Baccalauréat) ranged between 10 and 19, the 

median of the scores was 11.5 and the mean score was 11.7 ± 1.5. These values are higher than the 

average in France, because success at the Baccalauréat (i.e. obtaining a score of at least 10 on a 0-20 

scale) is required to access any French University. 

Variances in scores at the Baccalauréat did not differ between the three familial structures 

(P = 0.55), which allowed the use of randomization tests.. Mean scores significantly differed between 

family structures (P = 0.02). Neither student’s sex, nor its interaction with family structure had a 

significant effect (respectively P = 0.4 and P = 0.7). Permuting raw data or residuals (see methods) 

leads to similar P-values. 

As shown in Figure 1, exam scores obtained by students raised by their two biological parents 

were very similar to the ones obtained when raised only by their mother between 15 and 20 years old. 

By contrast, individuals who lived with a stepfather between age 15 and 20 obtained a score 2.0 to 

7.5% lower (0.23 to 0.88 points lower on a 0-20 scale) than individuals who lived with their two 

biological parents, and 1.3 to 8.0% lower (0.14 to 0.95 points lower on a 0-20 scale) than individuals 

who lived with their mother alone (CI95%). 

 

 

DISCUSSION 

 

This study examines the link between family structure and school achievement. We found that 

although parental separation did not significantly affect the score at final high school exam when 

offspring lived with the mother alone, this score was significantly reduced if they were exposed to a 

stepfather (between age 15 and 20). This effect was independent of student’s sex. 

The fact that father absence, without a stepfather, was not associated with a lower score could be 

explained if mothers are able to “compensate” for the loss of paternal investment. The possibility of 

compensation by the mother was theoretically validated, and empirically supported in animal species 

(mainly in birds and insects) [Johnstone, 2006 #1911]. For instance, it has been described in barn-
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swallows, where differential female parental investment was directly linked to the frequency of male 

infidelity [Møller, 1998 #1661]. 

Several authors have proposed that stepfather presence is associated with a diversion of maternal 

care by the stepfather and to less parental control [Daly, 1998 #1913; Flinn, 1988 #903]. So far, few 

studies have investigated the consequences of the presence of a stepparent on educational 

achievement, and most concerned a U.S. sample. Generally, these studies found that children in 

stephouseholds had lower school grades, lower class ranks and were less likely to graduate from high 

school or enter college than children in households containing both mother and father [Astone, 1991 

#1890; Beller, 1992 #1889; Downey, 1995 #1887]. In addition, stepfamilies seems to invest less 

money in educational costs than genetic families [Zvoch, 1999 #1906], and living in a stepfather 

family has a persistent negative effect even once controlling for economic status [Boggess, 1998 

#1886]. Our study, therefore, corroborate these previous findings: our data on a French student sample 

are consistent with the hypothesis of a diversion of maternal investment by the stepfathers, more than 

with the hypothesis of simply negative effects of parental separation. Note that, the impact of a change 

in family structure on educational achievement is probably underestimated here, as our sample only 

included university students (who necessarily succeeded the Baccalauréat). Thereby it is not 

representative of the general population: in France, only 45% of individuals aged 20-25 are students. 

In such families, resources are likely to be less limiting than in an average French family, which could 

minimise the loss of parental investment. 

The information available on family structure in this study concerned the time period 

between age 15 and 20. However, we cannot assess whether it is this period in particular that 

is important, and not earlier ones. Indeed, the presence of a step-father between age 15 and 20 

is correlated to the presence of a stepfather before, and early environment conditions are 

proven to be very important for child development [Lummaa, 2002 #967]. 

Since no direct measure of maternal investment is available in the present study, we are not able to 

firmly verify that it really diminishes in presence of a stepfather. An indirect way to further assess the 

hypothesis of diversion of maternal investment would be to compare families where the mother and 
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the stepfather produced offspring and those where they did not. If stepfathers tend to divert maternal 

investment, they are especially predicted to do it when it can benefit their own children. Unfortunately 

in our dataset no information is available on the presence/absence of half-siblings in the same 

household as those from the first marriage. Yet, consistent with the diversion hypothesis, [Tillman, 

2008 #1885] showed that academic performances of adolescents are negatively affected by the 

presence of half-siblings, whether living with two biological parents, single mothers or in stepfamilies. 

Diversion of maternal investment is not the only possible explanation for the association between 

stepfather presence and a lower score at the Baccalauréat; several others can be proposed. For 

example, it is possible that different categories of women exist, with different strategies of resource 

allocation to maternal investment. Those women who remarry after divorce could also be those who 

invest the least in their offspring, or who produce offspring with worst academic abilities. Indeed, 

some links between outcomes in children and parental conflicts may be due only to a genetic 

correlation between parents’ and children’s behaviour. In this case the behaviour of the stepfather 

himself would not be involved in the association observed. The relationship between changes in 

family structure and children’s outcomes is likely to result from a combination of several 

environmental and genetic factors. Therefore, knowledge of the genetic links between child’s and 

parents’ behaviour might be relevant in order to further investigate and understand the adaptive 

significance of certain child outcomes in response to the family environment. 

Another possibility is that the presence of the stepfather and/or his confrontational relation with 

the adolescent induces for the latter a decrease in cognitive abilities or in self-esteem, or a change in 

life history strategy, with an increased investment in other aims than education. It could also be that 

remarriage leads the mother to feel guilty, which makes her be less strict, spoil her offspring to 

compensate the fact that she imposed the stepfather on them, and relax the monitoring of their studies. 

Some effects of family structure may surely be due to a loss of paternal care, some may be 

accentuated by the presence of a stepfather, and some may be incurred only in presence of a 

stepfather. Our study shows the importance of distinguishing, among individuals who experienced 

parental separation, those who lived with a stepfather. Knowledge of the mechanisms underlying the 
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changes in the expression of children traits may help to infirm or confirm hypotheses about responses 

to modification of family environment. 
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Abstract 19 

The evolutionary forces allowing the persistence of the polymorphism of handedness 20 

in humans since at least the Palaeolithic period are still not fully understood. A negative 21 

frequency-dependent selection mechanism has been hypothesised, based on the fact that left-22 

handed men may benefit from a “surprise” advantage during fighting interactions since left-23 

handed men are rare in human populations. This advantage may thereby enhance probability 24 

of survival of left-handed men and/or their reproductive success through an increase in social 25 

status. In a first study, we explored the association between hand preference and lifetime 26 

fighting behaviour in a population of 1,156 French men. Consistent with the frequency-27 

dependent selection hypothesis, no effect of hand preference on the probability of fighting 28 

was detected, suggesting that the innate propensity to fight does not differ between left- and 29 

right-handers. However, among men who were involved in at least one fight in their lifetime, 30 

left-handers reported significantly more fights than right-handers. In a second study, we 31 

investigated the testosterone concentration in saliva samples from 64 French university 32 

students. Consistent with frequencies of fights, we found a significantly higher average 33 

testosterone concentration in left-handers, as compared to right-handers. We suggest that 34 

these behavioural and hormonal differences could be acquired throughout life due to previous 35 

experiences in social context. 36 
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Introduction 37 

Behaviour results from interactions between genetic and environmental components. 38 

In social species in particular, the social environment can exert selection pressures and can 39 

shape the evolution of behaviour. This seems to be the case for hand preference, a human trait 40 

that is heritable (Carter-Saltzman 1980; Medland et al. 2009; Saudino and McManus 1998; 41 

Sicotte et al. 1999), heritability estimates ranging from 0.23 to 0.66 (Llaurens et al. 2009b). 42 

This trait is polymorphic since at least the Palaeolithic period (Faurie and Raymond 2004). 43 

Among the evolutionary forces likely to be acting on the frequencies of left- and right-44 

handers, social interactions appear to play an important role. 45 

Raymond et al. (1996) highlighted that left-handers get the benefit of their relative 46 

rarity when competing in interactive sports such as boxing, fencing or tennis. These authors 47 

suggested that this strategic advantage could also favour left-handers in fights. A negative 48 

frequency-dependent selection would thus be acting on handedness frequencies through 49 

fighting interactions. This balancing selection may explain the persistence of the 50 

polymorphism of handedness in humans. Since fights within and among groups of humans 51 

have probably been very common during human evolution (Haas 1990; Keeley 1996; 52 

Wrangham and Peterson 1996), they could represent an important selective force shaping the 53 

evolution of handedness. 54 

The idea of frequency-dependent selection was further confirmed by Faurie & 55 

Raymond (2005), who showed that the proportion of left-handers was higher in populations 56 

with higher homicide rates. This may result from direct positive consequences of left-handers’ 57 

fighting advantage on their survival, but also from indirect consequences on their 58 

reproductive success via an improved social status. For example, male involvement in sport 59 

competition has been shown to be associated with a higher number of reported sexual partners 60 
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(Faurie et al. 2004) and a higher number of children (Llaurens et al. 2009a). The prestige 61 

acquired through involvement in fights could thus be an important sexual selection pressure. 62 

Although the frequency-dependent selection hypothesis does not imply any difference 63 

between right- and left-handers’ fighting propensity, the fact that left-handers are more 64 

numerous in populations in which homicides are more common raised the question of 65 

predisposition to violence. Indeed, their strategic advantage could potentially favour a violent 66 

behaviour. As their winning chances are higher due to the advantage of being rare (all else 67 

being equal), their self-confidence could increase after fighting events, and, as a consequence, 68 

they could be more likely to take part in fighting interactions in the future. In study 1, we thus 69 

investigated the following questions: 1) Are left-handers intrinsically more inclined to 70 

fighting, i.e. more likely to ever get involved in a fight? 2) Among those men who got 71 

involved in a least one fight, do left-handers fight more often than right-handers? For this 72 

purpose, we analysed self-reported lifetime number of fights in a sample of French adult 73 

males.  74 

Aggressiveness is associated with hormonal factors. In particular, testosterone is 75 

known to correlate with aggressive behaviours in many species, and to play a key role in 76 

competitive interactions and social dominance (Archer 2006). Based on the observation that 77 

there are more left-handed men than women (Papadatou-Pastou et al. 2008; Sommer et al. 78 

2008; Voyer 1996), testosterone has long been supposed to be associated with handedness. 79 

Theories on the organizational role of testosterone in brain development have led some 80 

authors to suggest an influence of testosterone in utero on adult hand preference (Geschwind 81 

and Galaburda 1985; Grimshaw et al. 1995; Lauter 2007; Witelson and Nowakowski 1991). 82 

Studies on the relative length of the second and fourth finger (2D-4D ratio), which seems to 83 

reflect prenatal testosterone exposure, have detected an association with handedness, 84 

indicating that, on average, left-handers were exposed to more testosterone in utero (Gillam et 85 
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al. 2008; Manning and Peters 2009). However, in a meta-analysis of empirical studies, 86 

(Pfannkuche et al. 2009) contradicted this hypothesis on the influence of prenatal exposure to 87 

testosterone. Concerning adult testosterone, to our knowledge only one study tested the 88 

association with handedness (Moffat and Hampson 1996). 89 

In study 2, we compared right- and left-handed men’s testosterone levels, measured in 90 

saliva samples from 64 French university students. Since testosterone release displays a 91 

circadian rhythm with the highest concentrations in the morning and the lowest in the evening 92 

(Dabbs 1990), we collected both morning and afternoon saliva samples. 93 

 94 
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Material and method 95 

 96 

Study 1: Self-reported lifetime number of fights 97 

Study population 98 

The study population was a subsample from the 2004 GAZEL cohort, which included 99 

19,688 subjects (men born between 1939 and 1948 and women born between 1939 and 1953). 100 

Since 1989, these subjects have been examined on a yearly basis by self-administered 101 

questionnaires and data collection by medical departments (Goldberg et al. 2001). In 2003, a 102 

section on laterality was included in the yearly questionnaire (Faurie et al. 2008).  103 

Based on the results of throwing hand preference from the 2003 survey, the cohort was 104 

divided into left-handers and right-handers. A subsample of 1,000 left-handers and 1,000 105 

right-handers was randomly drawn from the cohort. In 2004, an additional questionnaire was 106 

sent to this subsample. This new questionnaire included an item on hand preference (hand 107 

used for cutting bread with a knife) and the following question: ‘How many times did you 108 

physically fight with a same-sex person since age 18?’. Date of birth, weight and height were 109 

available for all GAZEL cohort members. 110 

This contribution to the GAZEL study was approved by the GAZEL Ethics Committee 111 

and by the national committee for the protection of privacy and civil liberties (CNIL) in 2002 112 

(Declaration 903138).  113 

 114 

Analysis 115 

The variable “self-reported lifetime number of fights” has three characteristics that 116 

interfere with classical statistical analysis. First, the multimodal distributions of raw data 117 

(Figure 1) and residuals prevent the use of generalized linear models. Second, the large 118 
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number of ties in the data (same values, such as 5 or 10, are repeated many times due to 119 

psychological biases) leads to an incorrect estimate of the critical values from tables used in 120 

nonparametric tests. Third, the number of men that had never been involved in a fight was 121 

very large. Therefore, two logistic regressions were computed. First, the probability of ever 122 

fighting was analysed using a binary variable by assigning a value of “0” for men who never 123 

fought and a value of “1” for men who had been involved in at least one fight in their lifetime. 124 

Second, the rate of fighting (“rarely” versus “often”) was analysed using a binary variable by 125 

assigning a value of “0” for men who had been involved in one or two fights in their lifetime 126 

(rarely) and a value of “1” for men who had been involved in at least three fights (often). The 127 

value of the threshold between “rarely” and “often” was selected by considering the mean 128 

(2.67) and the median (2) of the number of fights. 129 

The age of the participants may influence the number of fights since age 18, since 130 

older men could have had more opportunities to fight than younger men. Physical condition 131 

(height and weight) could also have a great influence on the number of fights. Consequently, 132 

we controlled for these potential effects. Models were not reduced to avoid the number of 133 

false positives (Whittingham et al. 2006). All statistical analyses were performed using the 134 

software R 2.5.1 (R Core Development Team 2005). 135 

 136 

Study 2: Testosterone concentration in saliva samples 137 

Samples 138 

Saliva samples were collected from 64 voluntary undergraduate male students aged 21.32 ± 139 

2.78 years old (27 left-handers and 37 right-handers). Other data were collected using a 140 

questionnaire. Students were asked to report what hand they preferred to cut a piece of bread 141 

with a knife (without fork). Volunteers also reported their age, body weight and height. They 142 
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signed an informed consent form, as specified in the protocol approved by the French 143 

National Committee of Information and Liberty (CNIL authorisation 1321739). 144 

 145 

Measure of free testosterone concentration in saliva 146 

Testosterone is a steroid of the androgen family that circulates in the human blood, mainly 147 

linked to plasmatic proteins. Only a small proportion of testosterone (1-2%) is free and thus 148 

biologically active. Here the testosterone concentrations were measured in saliva samples. 149 

This non-invasive technique has been previously validated and yields testosterone levels that 150 

are highly correlated with levels of free testosterone in the serum (Ellison 1988; Read 1993). 151 

Salicaps kits (IBL-Hamburg) were used to collect saliva. Each man was given labelled tubes 152 

and straws, and saliva was sampled on two consecutive days, twice a day: morning (9–11 153 

AM) and afternoon (5–8 PM). Participants were asked to rinse their mouth with fresh water 154 

and to wait 5 min before providing saliva. Subjects were instructed not to eat or brush their 155 

teeth during the 30 min prior to collection, and to immediately refrigerate each sample after 156 

collection. Saliva samples were brought back to the lab and immediately stored at −20°C. 157 

Each kit was returned with the self-questionnaire mentioned above. 158 

Testosterone levels from saliva samples were determined using Luminescence Immunoassay 159 

(LIA) kits (IBL, Hamburg) (Westermann 2004). Saliva tubes were defrosted and centrifuged 160 

at 2400 rpm for 10 min. Standards, controls and samples were transferred in duplicate into 161 

wells of a microtiter plate. Freshly prepared enzyme conjugate and testosterone antiserum 162 

were then added into each well. The plate was incubated for 4 h. The incubation solution was 163 

then discarded and the plate was washed 4 times with diluted wash buffer. After removing 164 

excess solution, the AP chemiluminescence reagent was introduced into each well, and 165 

relative luminescence units (RLU) were measured with a luminometer 10 min later. A total of 166 

six standards (0 to 760 pg/mL) were used to obtain RLU of the standards and plotted against 167 
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their concentrations, allowing the calculation of sample concentration directly from the 168 

standard curve (Microwin software). The sensitivity of this technique is 2.5 pg/ml at 30-110 169 

pg/ml. Two controls supplied in the kits, with known free testosterone concentration were 170 

used to check the validity of measures. Inter-assay CV for testosterone measurements were 171 

22.03 % for low controls and 8.11 % for high controls. The four saliva samples of 50 % of the 172 

participants were run in duplicate of the samples and had a mean intra-assay CV of 4.05 %. 173 

For the 50% of participants, whose samples were not replicated, we had another sample 174 

collected 30 minutes later for the morning sample and 30 minutes sooner for the afternoon 175 

sample. The statistical analyses were also run using these other samples and the results were 176 

not qualitatively different from those presented here.  177 

 178 

Statistical analyses 179 

All statistical analyses were performed with the software R 2.5.1 (R Core Development Team 180 

2005). Using GLM, we tested the effect of hand preference on two response variables 181 

(morning testosterone, afternoon testosterone) and controlling for age, weight and height, 182 

which are both known to have an effect on testosterone levels. Residuals of the model were 183 

assumed to follow a Gaussian distribution and were successfully checked for Normality 184 

through a Shapiro test. 185 
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Results 186 

 187 

Study 1: Self-reported lifetime number of fights 188 

Description of the sample 189 

Among the 2,000 persons having received the questionnaire, 70% sent back their 190 

answers. After eliminating incomplete questionnaires and considering only men, our sample 191 

size was 1,156 individuals. This sample was composed of 461 left-handers and 695 right-192 

handers. The average age in this sample was 59.9 (± 2.9) in 2004. There was a difference in 193 

average age between left- and right-handers (Wilcoxon test; W = 148723.5, P = 0.04), with 194 

left-handers being slightly younger (average age: 59.7 ± 2.8) than right-handers (average age: 195 

60.1 ± 2.9). The average lifetime number of fights was 0.7 ± 3.4. Among those men who were 196 

involved in at least one fight in their lifetime, there were 121 left-handers and 152 right-197 

handers. In other words, 26% of left-handers had been in at least one fight in their lifetime 198 

and 22% of right-handers had been in at least one fight in their lifetime. 199 

 200 

Probability of ever fighting 201 

In our sample, 28% of left-handers and 23% of right-handers fought at least once since 202 

the age of 18. After controlling for age, weight and height, hand preference had no significant 203 

effect on the probability of ever fighting (χ2
1 = 0.16; P = 0.7). Additionally, no significant 204 

effect of age was found on the probability of ever fighting (χ2
1 = 0.26; P = 0.6). However, 205 

both height and weight had an effect on the probability of ever fighting. Height had a negative 206 

effect (χ2
1 = 4.90; P = 0.03), whereas weight had a positive effect (χ

2
1 = 7.80; P = 0.005). 207 

 208 
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Frequency of fights 209 

When considering only men who fought at least once in their lifetime (N = 284), the 210 

proportion of men who had often been involved in fighting interactions was greater among 211 

left-handers (41.8%) than among right-handers (29.4 %). 212 

Controlling for age, height and weight, hand preference had a significant effect on the 213 

frequency of fights (χ2
1 = 5.12; P = 0.02, Figure 2). No significant effect of age was detected 214 

(χ2
1 = 0.33; P = 0.6). Height had a marginally significant negative effect on the frequency of 215 

fights (χ2
1= 3.72; P = 0.054), whereas weight had a significant positive effect (χ2

1 = 3.91; 216 

P = 0.048).  217 

 218 

Study 2: Testosterone concentration in saliva samples 219 

Morning testosterone level 220 

Neither age (F( 1, 57 ) = 0.699; P = 0.406), nor weight (F( 1, 57 ) = 0.090; P = 0.765), nor height 221 

(F( 1, 57 ) = 1.66; P = 0.203) had a significant effect on morning testosterone concentration. 222 

However, hand preference had a significant effect (F( 1, 57 ) = 5.35; P = 0.024; 8.58 % of 223 

deviance explained): left-handers had a higher level of morning testosterone, as compared to 224 

right-handers. Residuals of this model did not depart from Gaussian distribution (Shapiro test: 225 

W = 0.994; P = 0.994) 226 

 227 

Afternoon testosterone level 228 

Neither age (F( 1, 58 ) = 0.0486; P = 0.826), nor weight (F( 1, 58 ) = 0.284; P = 0.0.5964), nor 229 

height (F( 1, 58 ) = 0.686; P = 0.411) had a significant effect on afternoon testosterone 230 

concentration. No effect of hand preference was detected either (F( 1, 58 ) = 0.739; P = 0.394). 231 
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Residuals of this model did not depart from Gaussian distribution (Shapiro test: W = 0.966; 232 

P = 0.094) 233 

 234 
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Discussion 235 

Involvement in fights 236 

Since no significant effect of handedness on the probability of ever fighting was found 237 

in study 1, our data are not consistent with the hypothesis of an innate difference between 238 

right- and left-handers. Instead, our results support the hypothesis that previous successful 239 

experiences lead to an increase in fighting behaviour. A greater involvement in fighting 240 

interactions for left-handers was found among men who fought at least once in their lifetime. 241 

The causal relations involved in the association between handedness and fighting behaviour 242 

are not yet known. We propose the hypothesis that left-handers tend to fight more often 243 

because of the psychological consequences of their frequency-dependent advantage. Such a 244 

strategic advantage could improve their self-confidence. For example, success in past 245 

experiences may have led them to fight more often, even without being conscious of the 246 

advantage of left-handedness. The psychological and biological basis of such behavioural 247 

differences remains to be investigated. 248 

 249 

Hormonal differences between right- and left-handers 250 

Study 2 was designed to examine whether exists a parallel association with one of the 251 

hormonal factors that influence aggressive behaviours, testosterone. We detected a higher 252 

testosterone concentration in left-handed men as compared to right-handed men, for morning 253 

samples, but also on average throughout the day (F( 1, 54) = 4.00; P = 0.05, controlling for age, 254 

height and weight).  255 

As elevated testosterone level has a negative impact on the men’s health (Booth et al. 256 

1999), our finding may partly explain the greater susceptibility of left-handers to various 257 

diseases (see Llaurens et al. 2009 for a review).  258 
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However, Moffat & Hampson (1996) found, by performing t-tests on men and women 259 

testosterone data, that left-handers had lower morning testosterone concentrations than right-260 

handers in both sexes. For comparison, after checking that right- and left-handers’ 261 

distributions of morning testosterone concentration were Gaussian (Shapiro tests: W = 0.972; 262 

P = 0.470 for right-handers and W = 0.987; P = 0.977 for left-handers), we also performed a 263 

t-test on our morning samples, but still found a higher testosterone concentration among left-264 

handed men than among right-handed men (t = 3.02; P = 0.004). We observed the same trend 265 

in a sample of 34 women of the same student population (3 left-handed and 31 right-handed): 266 

with left-handed women had a higher testosterone concentration than right-handed ones 267 

(t = 3.6067, P = 0.011). Figure 2 shows that the amplitude of the difference found in our study 268 

among men is quite large: on average, morning testosterone concentration was almost 30% 269 

higher in left-handers (128.76 ± 52.93 pg/ml versus 92.45 ± 38.42 pg/ml). The discrepancy 270 

between our results and Moffat & Hampson’s results could be explained either by the smaller 271 

size of their sample, or by a departure from the Normality assumption for the distributions of 272 

their testosterone data (which would prevent the use of t-tests), or by differences in the 273 

population sampled, or by differences in the methods used to measure handedness and/or 274 

testosterone concentrations. Concerning handedness measures, we argue elsewhere that the 275 

use of an index of hand preference combining several manual tasks is inappropriate for 276 

providing comparable data (Faurie et al., 2005). 277 

 278 

We found a greater effect of hand preference in morning samples. Morning 279 

testosterone levels are usually considered to reflect the magnitude of the sleep-related rise in 280 

T, thus indicative of endogenous physiological differences between subjects, while afternoon 281 

levels may be more indicative of short-term behavioural and ecological effects (Gray et al. 282 
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2007). The elevated level of testosterone in left-handers would thus reveal a long-term 283 

physiological condition rather than recent social interactions. 284 

 285 

Testosterone, aggressive behaviour and mating strategies 286 

A higher testosterone concentration in left-handers could be linked to they greater 287 

involvement in male-male competition through physical fighting observed in study 1. 288 

Testosterone concentration is known to correlate in men with social competition. For instance, 289 

the testosterone levels of male tennis players increase before the beginning of the game 290 

(Booth et al. 1989). Similar results have been found for chess or videogames players (Mazur 291 

et al. 1992; Gladue et al. 1989 respectively). After sport competition, testosterone 292 

concentration keeps increasing in winners, whereas it decreases in losers. Due to such a 293 

plasticity of testosterone concentrations, we are not able to infer the direction of the possible 294 

causal relation between left-handers’ higher testosterone concentrations and their greater 295 

involvement in fighting interactions. Hormonal differences between right- and left-handers 296 

could either be innate or acquired during past social interactions. A longitudinal study of 297 

testosterone levels at various ages would be necessary to understand the origin of hormonal 298 

differences between right- and left-handers. 299 

Levels of testosterone have been shown to be associated with mating strategies. In 300 

humans, male reproductive success is influenced by the trade-off between mating effort and 301 

parenting investment (Waynforth 1999). This trade-off has been shown to be mediated by 302 

testosterone concentration in various animal species (Alvergne et al. 2009). For instance, 303 

testosterone concentration has been observed to be higher in men having multiple partners 304 

than in men engaged in a single relationship (Van Anders et al. 2007). High testosterone level 305 

thus seems to be associated with mating competitive behaviour in men (Archer 2006). The 306 

higher level of testosterone detected in left-handers may lead to an increased competitiveness 307 
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in mating effort. It could thus be linked to differences in both aggressive behaviour and 308 

mating strategies. Therefore, this hormonal difference between left- and right-handed men is 309 

likely to have an important impact on fitness components.  310 

 311 

Height and weight 312 

In study 1, weight (and height, to a lesser extent) was associated with the probability 313 

of ever fighting and the frequency of fights. Heavier men seemed more prone to be involved 314 

in fights. Weight could indeed confer a greater probability of winning, and successful past 315 

experiences could have improved the heavier men’s self-confidence and increased the desire 316 

for fighting. Another possible explanation is that physical development has been influenced 317 

by some hormonal factors that are also responsible for differences in behaviour. This last 318 

explanation would be consistent with the fact that weight also influences the probability of 319 

ever fighting. 320 

 321 

Conclusions 322 

 Our study provides new elements to understand the persistence of the 323 

polymorphism of handedness in humans. Our results suggest that fighting behaviour and 324 

testosterone concentration differ between right- and left-handed men. Left-handers’ higher 325 

involvement in male-male competition does not seem to be the consequence of innate factors 326 

(such as a more aggressive personality). Our results support the hypothesis that a differential 327 

behaviour is acquired through previous social experiences (e.g. success due to frequency-328 

dependent advantage), which affect testosterone release. Further investigations will be 329 

necessary to identify the proximal mechanisms involved. 330 
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1A 1B 
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Figure 1: Self-reported lifetime number of fights in the study population (N = 1,156 men) : 1A-Distribution of raw data B- Figure 2: Men’s 446 

lifetime adjusted probability of fighting “often” versus “rarely” (binomial model), as a function of hand preference, adjusted for age, height and 447 

weight.  448 

 449 
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  450 

Figure 2 : Salivary testosterone concentration among right and left-handers (Study 2, N = 64 men): A-Morning samples B- Afternoon samples 451 

2A 2B 
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