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Male mammals may commonly kill conspecific offspring. The benefits of such infanticide to males, and its costs to females, likely vary across mammalian social and mating systems. Here we use comparative analyses to show that infanticide primarily evolves in social mammals where reproduction is monopolized by a minority of males. It has not promoted social counter-strategies such as female gregariousness, pair-living, or changes in group size and sex-ratio but is successfully prevented by female sexual promiscuity, a paternity dilution strategy. These findings indicate that infanticide is a consequence, rather than a cause, of contrasts in mammalian social systems affecting the intensity of sexual conflict.

One Sentence Summary

Infanticide by males is an evolutionary consequence, rather than a cause, of contrasts in mammalian social systems and reflects the intensity of sexual conflict.

Main text

Infanticide by males is widespread in mammals and may represent the main cause of infant mortality in some populations [START_REF] Palombit | The evolution of primate societies[END_REF]. It has long been viewed as a sexually selected strategy that increases mating opportunities for killer males by shortening postpartum infertility in the victim's mother [START_REF] Hrdy | Male-male competition and infanticide among the langurs (Presbytis entellus) of Abu, Rajasthan[END_REF][START_REF] Hrdy | Infanticide among animals: a review, classification, and examination of the implications for the reproductive strategies of females[END_REF]. This is supported by natural observations across taxa showing that males target unrelated infants and often impregnate the victim's mother afterwards [START_REF] Palombit | The evolution of primate societies[END_REF][START_REF] Hrdy | Infanticide among animals: a review, classification, and examination of the implications for the reproductive strategies of females[END_REF][START_REF] Ebensperger | Strategies and counterstrategies to infanticide in mammals[END_REF].

Attempts to explain the taxonomic distribution of infanticide have however been mainly limited to investigations of the life-history correlates of male infanticide [START_REF] Janson | Infanticide by males and its implications[END_REF][START_REF] Nunn | Infanticide by Males and Its Implications[END_REF][START_REF] Blumstein | Infanticide by Males and Its Implications[END_REF][START_REF] Van Schaik | Infanticide by Males and Its Implications[END_REF], showing that it rarely occurs where it does not accelerate the mother's return to sexual activity, as in seasonal breeders who cannot resume cycling before the next breeding season [START_REF] Van Schaik | Infanticide by Males and Its Implications[END_REF].

Several scenarios have linked the distribution of infanticide across species to the evolution of social organization and mating systems in mammals, and they remain largely untested or disputed [START_REF] Lukas | The evolution of social monogamy in mammals[END_REF][START_REF] Opie | Male infanticide leads to social monogamy in mammals[END_REF]. According to the sexual selection hypothesis, the distribution of infanticide is expected to be modulated by contrasts in social systems that affect the intensity of male intrasexual competition [START_REF] Hrdy | Infanticide among animals: a review, classification, and examination of the implications for the reproductive strategies of females[END_REF][START_REF] Janson | Infanticide by males and its implications[END_REF][START_REF] Van Schaik | Infanticide by Males and Its Implications[END_REF]. Male infanticide should thus be prevalent in species where a few males mate with multiple females and monopolize most reproductive opportunities.

However, females may respond to infanticide by developing counter-strategies that may refine patterns of associations across species. Social counter-strategies may include the evolution of female sociality [START_REF] Nunn | Infanticide by Males and Its Implications[END_REF][START_REF] Pradhan | Infanticide-driven intersexual conflict over matings in primates and its effects on social organization[END_REF][START_REF] Teichroeb | Infanticide risk and male quality influence optimal group composition for Colobus vellerosus[END_REF], of permanent male-female associations [START_REF] Van Schaik | The evolution of monogamy in large primates: a new hypothesis and some crucial tests[END_REF][START_REF] Borries | Social monogamy and the threat of infanticide in larger mammals[END_REF][START_REF] Van Schaik | Infanticide risk and the evolution of male-female association in primates[END_REF], or of changes in the group sex-ratio [START_REF] Nunn | Infanticide by Males and Its Implications[END_REF][START_REF] Pradhan | Infanticide-driven intersexual conflict over matings in primates and its effects on social organization[END_REF][START_REF] Teichroeb | Infanticide risk and male quality influence optimal group composition for Colobus vellerosus[END_REF][START_REF] Van Schaik | Infanticide risk and the evolution of male-female association in primates[END_REF] because females may form coalitions with other females or with resident males to defend their progeny against male invaders. Additionally, females may mate with multiple partners to confuse paternity and dissuade infanticide [START_REF] Nunn | Infanticide by Males and Its Implications[END_REF][START_REF] Van Noordwijk | Infanticide by Males and Its Implications[END_REF][START_REF] Wolff | Promiscuous females protect their offspring[END_REF], which may thus be absent in species with pronounced sperm competition. The evolutionary arms race between the sexes driven by male infanticide has generated confusion and controversy regarding the role of infanticide in the evolution of mammalian societies, calling for more integrative studies.

Here we use information gathered on 260 mammal species including 119 species with, and 141 without infanticide (Figure 1) to identify how variation in social organization and mating systems may have favoured or prevented the evolution of infanticide by males using phylogenetic analyses [START_REF]Material and Method is available on Science Online[END_REF]. Specifically, we test if infanticide has primarily evolved in species where females breed throughout the year and some males have high reproductive monopoly, and if it has selected for social and sexual counter-strategies, including transitions towards female gregariousness, permanent male-female associations, changes in group size or sexratio or increases in female sexual promiscuity. We included infanticide records from wild populations for which the killer was unambiguously identified as an adult male. Species for which infanticide had never been observed were included only if natural observations on females and juveniles were available over more than 3 reproductive seasons, to minimize the risk of misclassifying them as "non-infanticidal". The phylogenetic relatedness between species was inferred from the updated mammalian supertree [START_REF] Fritz | Geographical variation in predictors of mammalian extinction risk: big is bad, but only in the tropics[END_REF] and analyses were also replicated in primates exclusively, which confirmed results obtained across mammals (see supplementary results).

The distribution of male infanticide is closely associated with the absence of seasonal or 'annual' breeding (defined as an average inter-birth interval of 360-370 days). Infanticide occurs in a majority of non-annual breeders (76% of 97 species), compared to 28% of 134 annual breeders (lambda=0. 67, t=-4.0, p<0.001). A long lactation (relative to gestation) and the absence of a postpartum oestrus, two life-history traits affecting the time to cycling resumption in mothers of killed infants, are also associated with male infanticide, though their association disappears when controlling for annual breeding (for both traits, p as estimated by MCMCglmm (pMCMC)>0.08 while pMCMC for annual breeding <0.001). While previous studies have used the ratio of the duration of lactation to that of gestation to estimate infanticide risk [START_REF] Nunn | Infanticide by Males and Its Implications[END_REF][START_REF] Blumstein | Infanticide by Males and Its Implications[END_REF][START_REF] Van Schaik | Infanticide by Males and Its Implications[END_REF], our results reveal that this association is weak: lactation exceeds gestation in 25 of 45 mammal species with infanticide, and in 38 of 89 species without infanticide. Other aspects of life-history were not associated with male infanticide (longevity: n=210 species, pMCMC=0.08; litter size: n=230 species, pMCMC=0.07; relative offspring weight at birth: n=191 species, pMCMC=0.59), suggesting that infanticide evolution is not determined by a species' pace of life. Overall, the possibility for females to breed throughout the year is the only life-history trait examined that significantly explains the distribution of infanticide, confirming previous work and suggesting that infanticidal males gain extra mating opportunities due to earlier cycle resumption of the victim's mother in non-annual breeders. Such males are thereby redirecting maternal investment from unrelated offspring towards their own future offspring.

Comparing the occurrence of male infanticide across social systems, we find that males commit infanticide more frequently in stable mixed-sex groups (66% of 112 species) than in solitary species (40% of 78 solitary species, pAN=0.01), in species with female-only groups (23% of 31 species, pAN=0.006) and in pair-living species (18% of 39 species, pAN<0.001).

Phylogenetic reconstructions confirm that variation in social organization is a key determinant of the evolution of male infanticide, which is more likely in stable bisexual groups than in any other social system (see supplementary table 1). In addition, social groups contain, on average, 1 male per 2.5 females in species with male infanticide (SD= 1.7, n=56 species), but only 1 male for 1.3 females in species without infanticide (SD= 3.2,n=19 species,Figure 2a;lambda=0.47,p=0.002; this is not an effect of differences in group sizes, as group size is similar in both sets of species: p=0.28). Phylogenetic reconstructions suggest that a biased group sex-ratio is a determinant, rather than a consequence, of the evolution of male infanticide: the strongest female biases are observed just before or at the transition towards male infanticide, while there are few or no subsequent changes once infanticide has evolved (see supplementary results).

In line with this, infanticide occurs more frequently where reproduction is monopolized by a few males (Figure 2b): the median percentage of offspring sired by the alpha male is 67% (SD=19.9, n=15 species) in species with infanticide, compared to 35% (SD=22.2, n=5) in species without (lambda=0. 75, t=3.9, p=0.001). Finally, males retain their dominant position for shorter durations in species with infanticide (Figure 2c): on average, dominance tenure covers two inter-birth intervals (if the females were to successfully wean each litter) (SD=1.0, n=34 species), compared to four in species without infanticide (SD=1.2, n=6) (lambda=0.0, t=-3.4, p=0.001). These correlations hold after controlling for the effect of annual breeding, which may also affect male ability to monopolize females (Supplementary Table 2). Overall, these findings indicate that a high male monopolization potential favours transitions towards infanticide by allowing males to maximize their reproductive output in systems where the costs of holding dominance shorten their breeding tenures [START_REF] Lukas | Costs of mating competition limit male lifetime breeding success in polygynous mammals[END_REF].

Male infanticide has been proposed to alter social evolution by favouring female gregariousness or permanent male-female associations or by promoting a higher number of resident males that may help mothers to protect their infants from male intruders. We found no support for any of these scenarios. Infanticide risk is low in solitary species, the ancestral mammalian social organization [START_REF] Lukas | The evolution of social monogamy in mammals[END_REF], and as such is unlikely to motivate evolutionary transitions from a solitary lifestyle to other social organizations. Phylogenetic reconstructions confirm that male infanticide is significantly more likely to evolve after transitions towards group-living than in their solitary ancestors (see above). The presence of male infanticide does not increase the likelihood of a transition from solitary living to social monogamy, to female gregariousness or to group living (see supplementary table 1). In addition, among species living in stable bisexual groups, male infanticide is not linked to changes in the degree of female sociality (5.5±5.1 females per group in 56 infanticidal species compared to 8.9±4.0 in 13 non-infanticidal species; pMCMC=0.93). These findings indicate that infanticide by males did not trigger important transitions in mammalian social evolution. Population studies have nevertheless highlighted relationships between infanticide rates and group size (e.g., [START_REF] Crockett | Infanticide by males and its implications[END_REF], suggesting that the social consequences of infanticide may differ within populations versus across species, or that selection exerted by infanticide is insufficient at inducing major shifts in mammalian social organization.

Infanticide risk may also lead to the evolution of sexual counter-strategies by females, who might prevent infanticide by mating with many males to dilute paternity [START_REF] Nunn | Infanticide by Males and Its Implications[END_REF][START_REF] Van Noordwijk | Infanticide by Males and Its Implications[END_REF][START_REF] Wolff | Promiscuous females protect their offspring[END_REF]. To test this hypothesis, we investigated evolutionary relationships between infanticide and testis size, an indicator of the intensity of sperm competition [START_REF] Soulsbury | Genetic patterns of paternity and testes size in mammals[END_REF][START_REF] Harcourt | Testis weight, body weight and breeding system in primates[END_REF]. In support of the paternity dilution hypothesis, phylogenetic reconstructions indicate that relative testis size is larger in lineages in which more time has elapsed since the evolution of infanticide. State-dependent diversification models [START_REF] Beaulieu | Modeling stabilizing selection: expanding the Ornstein-Uhlenbeck model of adaptive evolution[END_REF] show that increases in testis size follow rather than precede transitions to infanticide as they are not detected on branches immediately before transitions to infanticide, suggesting that infanticide exerts directional selection on relative testis size [START_REF]Material and Method is available on Science Online[END_REF]. In addition, infanticide is subsequently lost in lineages where testes have grown large (Figure 3; pMCMC=0.02; see supplementary results), indicating that infanticide may disappear where female attempts to prevent male sexual monopolization are successful.

Our findings support key predictions of the sexual selection hypothesis: males primarily kill the offspring of rivals in stable bisexual groups where a few males monopolize reproduction over short periods. Increased testis size following evolutionary transitions to infanticide and secondary loss of infanticide in species with large testes suggests that female paternity dilution strategy efficiently reduces infanticide risk, and emphasizes the reversible nature of infanticide, which may appear and disappear according to the evolutionary arms race between the sexes. While past studies failed to find comparative evidence for sexual counterstrategies to infanticide [START_REF] Blumstein | Infanticide by Males and Its Implications[END_REF][START_REF] Van Noordwijk | Infanticide by Males and Its Implications[END_REF], our sample spanning all mammals, combined with phylogenetically controlled analyses, and our focus on testis size to index female sexual promiscuity may explain divergent results.

Our analyses build on five decades of field observations to understand the distribution of species differences in the occurrence of infanticide by males across mammalian societies. The evolution of infanticide is largely determined by variation in the intensity of male-male contest competition and has not promoted major switches in mammalian social organization.

However, it has impacted the evolution of mating systems by increasing female sexual promiscuity as a paternity dilution strategy. These findings suggest that the distribution of infanticide across mammals is a consequence of contrasts in social and mating systems, and closely reflects variation in the intensity of intra-and inter-sexual conflict. and seems to have evolved independently multiple times. It mostly occurs in social (dark grey branches), less in solitary (light grey branches), and least in monogamous species (black branches). Animal drawings are from phylopic.org (for full credit see ( 18)).

Figure 2: Infanticide is associated with polygynous mating systems

Male infanticide occurs in species in which (a) social groups contain more females per male, (b) dominant males obtain a higher share of reproduction in a given season, but (c) maintain their dominant position for shorter periods (here measured as the average number of interbirth intervals).

Figure 3: Loss of male infanticide occurs in species with large testes

In some lineages in which males commit infanticide, testes appear to increase in size (relative to body mass) and subsequently, male infanticide is lost when testes are relatively large. 
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data unambiguously showed that the individual committing infanticide was an adult male.

From databases and reviews we extracted information on life-history (seasonal breeding, lactation and gestation length, inter-birth interval, longevity, body mass at birth, litter size [START_REF] Ernest | Life history characteristics of placental nonvolant mammals[END_REF][START_REF] Jones | PanTHERIA: a species-level database of life history, ecology, and geography of extant and recently extinct mammals[END_REF][START_REF] De Magalhães | A database of vertebrate longevity records and their relation to other life-history traits[END_REF] and postpartum oestrous [START_REF] Van Schaik | Primate males: causes and consequences of variation in group composition[END_REF]), on mating system (reproductive skew [START_REF] Soulsbury | Genetic patterns of paternity and testes size in mammals[END_REF], length of dominance tenure in males [START_REF] Lukas | Costs of mating competition limit male lifetime breeding success in polygynous mammals[END_REF], testis size as an index of multiple male mating by females [START_REF] Harcourt | Testis weight, body weight and breeding system in primates[END_REF][START_REF] Kenagy | Size and function of mammalian testes in relation to body size[END_REF][START_REF] Glander | Morphometrics and testicle size of rain forest lemur species from southeastern Madagascar[END_REF][START_REF] Hosken | Sperm competition in bats[END_REF][START_REF] Stallmann | Size matters: the (negative) allometry of copulatory duration in mammals[END_REF][START_REF] Iossa | Sperm competition and the evolution of testes size in terrestrial mammalian carnivores[END_REF][START_REF] Orr | Does delayed fertilization facilitate sperm competition in bats?[END_REF]) and on sociality (social organization [START_REF] Lukas | The evolution of social monogamy in mammals[END_REF], group composition [START_REF] Lukas | Costs of mating competition limit male lifetime breeding success in polygynous mammals[END_REF][START_REF] Carnes | Effects of the distribution of female primates on the number of males[END_REF]). We classified the social organization of a species as solitary if breeding females tolerate the proximity of adult conspecifics only during the mating season; as monogamous if a single breeding female and a single breeding male share a territory, potentially including nonbreeding offspring; as female-only groups where stable groups of breeding females associate permanently and males only join for mating; and as stable mixed-sex groups if two or more breeding females associate permanently with one or more male [START_REF] Lukas | The evolution of social monogamy in mammals[END_REF]. Seasonal breeding was defined as an interbirth interval comprised between 360 and 370 days, and we used data on intra-annual variability in temperature [START_REF] Botero | Environmental harshness is positively correlated with intraspecific divergence in mammals and birds[END_REF] to verify that yearly breeding thus defined is associated with ecological seasonality (yearly variance in temperature 38.7, compared to 27.5 for non-seasonal breeders; lambda=0.92, t=-0.1, p<0.001). We chose to exclude species reproducing always at the same season but less than once a year on average from the seasonally breeding species, as infanticide is likely to provide males with benefits in this context if a female resumes cycling one year earlier than she would if her infant was alive. We provide a full data file in text format at the Knowledge Network for Biocomplexity (https://knb.ecoinformatics.org).

We relied on the updated mammalian supertree [START_REF] Fritz | Geographical variation in predictors of mammalian extinction risk: big is bad, but only in the tropics[END_REF] to reflect the phylogenetic relatedness between species. The tree was truncated to match our sample using functions of the package 'ape' [START_REF] Paradis | APE: analyses of phylogenetics and evolution in R language[END_REF] in the statistical software R [START_REF] Ward | Life-history of the feathertail glider, Acrobates pygmaeus (Acrobatidae, Marsupialia) in South-Eastern Australia[END_REF]. We resolved polytomies randomly for all analyses that require bifurcating trees, and repeated each analysis with three independent resolutions, which in all cases gave consistent results. Phylogenetic reconstruction of discrete traits were performed across trees with dated branch lengths, across ultrametric trees in which all tips have the same distance to the root and branch lengths are proportional to the number of descendants [START_REF] Grafen | The phylogenetic regression[END_REF], and across trees in which all branch lengths were transformed to equal one.

We used different approaches and methods to assess our hypotheses according to the type of prediction and data. Initially, we compared values of currently living species in which male infanticide is present to those in which male infanticide is absent without taking phylogeny into account by using Wilcoxon-tests. When assessing whether the distribution of a trait differed between species that were grouped into discrete categories while taking phylogeny into account, we used phylogenetic Anova as implemented in the R-package 'geiger' (40; indicated as pAN in the manuscript). We tested whether the presence or absence of infanticide explains variation in quantitative traits using phylogenetic generalized least squares regressions as implemented in the R-package 'CAPER' (41; indicated in the manuscript by listing the lambda-, t-, and p-value of the model) and examined whether changes in the traits most likely co-occur on the same branches by calculating phylogenetic independent contrasts using functions of the R-package 'ape'. To examine whether variation in continuous traits explained the distribution of infanticide across species we ran regression models in the R-package 'MCMCglmm' ( 42) that corrected for phylogenetic relatedness (indicated as pMCMC in the manuscript), using a fixed prior [START_REF] Hadfield | MCMCglmm: Markov chain Monte Carlo methods for Generalised Linear Mixed Models[END_REF]. The significance of factors in explaining variation in the dependent trait was assessed by the p-values [START_REF] Hadfield | MCMCglmm: Markov chain Monte Carlo methods for Generalised Linear Mixed Models[END_REF]. In addition to their presentation in the main manuscript, we also list all statistical results in Supplementary Table 2.

Both the phylogenetic generalized least squares regression and the MCMCglmm method estimate the extent of the phylogenetic signal, and thereby can correct for phylogeny to the appropriate degree (including the possibility of no phylogenetic signal).

There are two traits, longevity and litter size, for which Wilcoxon tests returned a significant difference between species with and without infanticide that were not supported in analyses that controlled for phylogeny. We discuss these in the supplementary results below. In addition, to control for the possibility that some effects identified across all mammals might differ from patterns occurring within particular lineages of mammals, we repeated all analyses including only the 90 primate species in our sample. The significance of all the correlations reported are the same using the main dataset and the restricted, primate-specific dataset (see Supplementary Table 3). However, when only including primate species, we do not have sufficient power to investigate the evolutionary sequence of changes in group sex ratio and testis size in relation to transitions towards presence or absence of male infanticide.

In order to decipher causal associations between two traits that could be coded as binary (absence versus presence) we compared inference models in Bayestraits Discrete [START_REF] Pagel | Inferring the historical patterns of biological evolution[END_REF][START_REF] Pagel | Bayesian analysis of correlated evolution of discrete characters by reversible-jump Markov chain Monte Carlo[END_REF]. In Discrete, we compared the evolution of male infanticide against the evolution of each type of social organization (solitary, socially monogamous, harem, multi-female multi-male group) in separate models. We first checked for each association whether models that assume a dependent evolution between male infanticide and a particular type of social organization were better supported compared to models that assume an independent evolution of the traits. If the inference suggested a dependent evolution, we ran further models to investigate the potential directionality of the association: first, we tested whether models in which transitions in social organization were constrained to occur at identical rate in both the presence and the absence of male infanticide were less supported (which would indicate that transitions in social organization might depend on the presence of male infanticide); second, we assessed whether models in which transitions in male infanticide were constrained to occur at equal rates independent of the social organization were less supported (which would indicate that the evolution of male infanticide depends on a particular type of social organization). We assessed significance between dependent and independent models by comparing the likelihood ratio statistic against a chi-squared distribution with four degrees of freedom [START_REF] Pagel | Bayesian analysis of correlated evolution of discrete characters by reversible-jump Markov chain Monte Carlo[END_REF]; unconstrained models were considered to explain the data significantly better if the likelihood ratio statistic exceeded a chi-squared distribution with one degree of freedom.

To investigate causal relationships between male infanticide and continuous traits (testis size relative to body size and group sex ratio) we applied flexible Ornstein-Uhlenbeck models of trait diversification [START_REF] Beaulieu | Modeling stabilizing selection: expanding the Ornstein-Uhlenbeck model of adaptive evolution[END_REF]. Ornstein-Uhlenbeck models assume that a trait is under stabilizing selection toward a single or multiple adaptive optima. Specifically, we predicted that models that assume that relative testis size and group sex ratio evolve towards different values in lineages in which male infanticide is present compared to absent are statistically better supported than models that assume that relative testis size and group sex ratio evolve independently of the presence or absence of male infanticide. We performed the Ornstein-Uhlenbeck model reconstructions using functions of the R-package 'OUwie' [START_REF] Beaulieu | OUwie: Analysis of evolutionary rates in an OU framework[END_REF]. We first reconstructed the evolution of male infanticide. Next, we assessed two possible ways in which the presence of male infanticide could influence either relative testis size or group sex ratios: first, the presence of infanticide could speed up or slow down the rate of change, but average values of testis size and sex ratio are about the same; second, while the rate of change is the same, the presence of male infanticide could be associated with a different peak value of testis size or sex ratio. Peak values, in comparison to averages, take into account the possibility that the value might only have been reached

once male infanticide has been present for a sufficient amount of evolutionary time. Any association that shows that peak values of either testis size or group sex ratio differ between lineages in which male infanticide is either present or absent could however also be the consequence of the reversed directionality: male infanticide evolves in lineages in which either testis size or group sex ratio have already reached extreme values. To differentiate the direction of causality in such cases, we performed two further sets of analyses. First, we compared the estimated peak values to the observed average values for extant species which either do or do not show male infanticide. If infanticide evolves only when the value of a given trait is already high (or low) but does not subsequently influence the evolution of this trait, the average value is expected to be similar to the peak value, because infanticide evolves when the condition matches. If, in contrast, infanticide does influence the evolution of the trait, then the peak value should be more extreme than the average value observed in extant species, because these likely include a number of species where infanticide has only evolved recently and where the trait has not yet reached its peak value. Second, we checked whether directional selection favouring a different value of the trait had already started before infanticide evolved. For these analyses, we included the branches just before the nodes at which infanticide most likely first evolved, in lineages associated with the presence of male infanticide. If the presence of male infanticide leads to a shift in the peak value, the inclusion of these additional branches should decrease or obscure any signal. If, alternatively, male infanticide only evolves in those lineages characterized by an extreme trait value, the inclusion of these additional branches should increase the strength of the signal. We report the results below.

Supplementary results

Inference of non-phylogenetic model differs from that of phylogenetic model

For longevity and litter-size, Wilcoxon-tests of the raw species values indicate a difference between species in which male infanticide is present as compared to absent. This difference does not hold in analyses controlling for phylogenetic relatedness. While including phylogenetic information could have introduced a bias if longevity and litter-size where to evolve in a more complex way than approximated by the shared co-ancestry between species, this scenario is unlikely because these two life-history traits generally show a strong phylogenetic signal. Instead, it appears that the association between male infanticide and longevity/litter-size is indirect, mediated by another trait that is approximated by the phylogenetic component and better explains the variance in longevity/litter-size. The factor mediating the relationship between male infanticide and longevity/litter-size is most likely group-living, which has a significant phylogenetic signal.

This interpretation is supported by non-phylogenetic multivariate analyses which show that the presence of male infanticide no longer predicts variation in longevity/litter-size across species when controlling for the social organization (see Supplementary Table 2).

Analyses including only the primate species in our sample

The significance of all the correlations we report is the same when including only primate species in the analyses (90 of the 260 species are primates; see Supplementary Table 3). However, we do not have sufficient power with the more limited sample of species to investigate the evolutionary sequence of change of group sex ratio and testis size in relation to transitions in male infanticide. Here, the AIC values of models assuming that species with male infanticide are associated with different values of group sex ratio and testis size compared to species in which infanticide is absent are within 1.5 of the AIC values of models assuming similar values. In addition, the multivariate analyses suggest that, in primates, annual breeding and postpartum oestrus is closely linked, and postpartum oestrus is a better predictor of male infanticide than is annual breeding.

Results of the Ornstein-Uhlenbeck model inferences

For both sex ratio and testis size, the presence of infanticide seems to be associated with different peak values, but not with different rates of evolution (in both cases, the likelihoods of these best supported models differ by >3 from the likelihoods of the next models assuming different peak values and different rates, and by >5 from the likelihood of the best supported models assuming equal peak values). These findings match the regression analyses comparing changes in the values of the traits. To disentangle causality, we compared peak values to average values among extant species and investigated whether changes in either sex ratio or testis size most likely originated before or after the transition towards male infanticide.

In contemporary species with male infanticide, the average group sex ratio is 1 male per 2.5 females, whereas it is 1 male per 1.3 females in species without infanticide; these values do not differ from peak values (1 male per 2.4 females in species with infanticide; 1 male per 1.6 females in species without infanticide). In addition, the strength of the association between male infanticide and group sex ratio increased when we included additional branches located immediately before the evolution of male infanticide, as shown by increases in the likelihoods of models supporting two different peak values, relative to models supporting similar peak values. The peak value of group sex-ratio changed to 1 male per 2.8 females in lineages with infanticide, and to 1 male per 1.2 females in lineages without infanticide.

In contemporary species with male infanticide, average relative testis size is 0.20 (indicative of relatively large testes for a given body size), whereas it is -0.02 in species without infanticide; the peak value for species with infanticide appears much higher (0.48), whereas it is identical to the average relative testis size (-0.03) for species without infanticide, suggesting that the evolution of infanticide induces changes in testis size. In addition, the association between relative testis size and male infanticide disappeared when we included additional branches located immediately before transitions to male infanticide, confirming that changes in testis size follow, rather than precede, transitions to male infanticide: in this case the best supported model suggested that peak values for testis size were identical in lineages with or without infanticide.

These results suggest that a male-biased sex ratio is a cause for the evolution of infanticide, whereas testis size increases as a consequence of infanticide.
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Data and Methods

To determine the taxonomic distribution of male infanticide, we relied on its observed distribution, which is documented for an increasing number of species that have been the focus of detailed and prolonged field studies. We took care to include only species in which this behaviour could have been observed in natural populations because they had been studied continuously over more than 3 reproductive seasons, including observations of females with unweaned juveniles, in order to minimize the risk of introducing noise in the data if some species were misclassified as "male infanticide absent" (see Supplementary Table 4). For the opposite, we only included a species as "male infanticide present" if the Supplementary Table 1: Inferences from Bayestraits' Discrete models investigating correlated evolution between male infanticide and social organization Phylogenetic reconstructions that consider the evolution of male infanticide and social organization suggest that transitions to male infanticide depend on a social system involving bisexual groups (harem or multimale-multifemale). While male infanticide appears to evolve independently from social monogamy (and vice versa), transitions to male infanticide appear significantly more likely in lineages with bisexual groups. Changes in social organization do however not appear to be a consequence of male infanticide, as transitions to group living are equally likely when male infanticide is present or absent. The higher support for a dependent model in the case of group-living species appears to derive from this trait being evolutionarily stable, with transitions to this state much higher than losses of this state (regardless of the presence of infanticide). The values of delta log-likelihood represent the difference between the likelihood of the model presented and the likelihood of the best supported model (in all cases dependent and unconstrained), and values in bold with stars indicate models that are significantly less supported compared to this baseline model (based on a chisquare test comparison correcting for the difference in the number of parameters of each model).

Supplementary Table 2: Summary of the results of the statistical analyses including all species.

The table presents for the non-phylogenetic Wilcoxon tests the test value W and significance value p, for phylogenetic Anova (PhyloAnova) the significance value p, for phylogenetic generalized least squares regression (PGLS) the most likely value for the transformation of the branch lengths lambda, whether this lambda value is significantly different from a value that reflects no phylogenetic signal (p lambda = 0) or a value that reflects that change occurs consistently over evolutionary time (p lambda = 1), for the MCMCglmm regression model the significance value p, and for multivariate regression models in MCMCglmm the significance values p for the two traits analysed simultaneously in one row.

Supplementary Table 3: Summary of the results of the statistical analyses including only primates.

The table presents for the non-phylogenetic Wilcoxon tests the test value W and significance value p, for phylogenetic Anova (PhyloAnova) the significance value p, for phylogenetic generalized least squares regression (PGLS) the most likely value for the transformation of the branch lengths lambda, whether this lambda value is significantly different from a value that reflects no phylogenetic signal (p lambda = 0) or a value that reflects that change occurs consistently over evolutionary time (p lambda = 1), for the MCMCglmm regression model the significance value p, and for multivariate regression models in MCMCglmm the significance values p for the two traits analysed simultaneously in one row. 

Supplementary