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Although common in birds, social monogamy, or pair-living, is rare
among mammals because internal gestation and lactation in
mammals makes it advantageous for males to seek additional
mating opportunities. A number of hypotheses have been proposed
to explain the evolution of social monogamy among mammals: as
a male mate-guarding strategy, because of the benefits of bi-
parental care, or as a defense against infanticidal males. However,
comparative analyses have been unable to resolve the root causes
of monogamy. Primates are unusual among mammals because
monogamy has evolved independently in all of the major clades.
Here we combine trait data across 230 primate species with
a Bayesian likelihood framework to test for correlated evolution
between monogamy and a range of traits to evaluate the com-
peting hypotheses. We find evidence of correlated evolution
between social monogamy and both female ranging patterns
and biparental care, but the most compelling explanation for the
appearance of monogamy is male infanticide. It is only the
presence of infanticide that reliably increases the probability of
a shift to social monogamy, whereas monogamy allows the
secondary adoption of paternal care and is associated with a shift
to discrete ranges. The origin of social monogamy in primates is
best explained by long lactation periods caused by altriciality,
making primate infants particularly vulnerable to infanticidal males.
We show that biparental care shortens relative lactation length,
thereby reducing infanticide risk and increasing reproductive rates.
These phylogenetic analyses support a key role for infanticide in the
social evolution of primates, and potentially, humans.

Social monogamy, or pair-living, is much more common among
birds (90% of species) (1) than mammals (less than 3% of

species) (2). In many bird species, the successful rearing of off-
spring requires investment of both pair-members in incubation
and provisioning, effectively constraining the adults to stay in
a pair (3). In mammals, by contrast, female internal gestation
and lactation characteristically results in highly skewed parental
investment, with males continuing to search for additional re-
productive partners after each successful mating. Because of this
behavior, the typical mammal mating system can be character-
ized as polygynandry, whereby multiple males mate with multiple
females within a breeding season (4–6). Because social monog-
amy in mammals is relatively uncommon and appears to require
a fundamental change in male reproductive strategy, under-
standing its evolution has generated a great deal of interest.
Additionally, the evolutionary history of social monogamy in
mammals may help uncover the selective pressures that led to
the formation of long-term pair bonds in humans.
Three separate hypotheses have been proposed to explain the

evolution of social monogamy: parental care, mate guarding, and
infanticide risk. First, social monogamy may arise where the cost
of raising offspring is high, such that a female must rely on the
help of others, particularly for carrying infants (2, 7). For ex-
ample, the females of socially monogamous New World primates
(callitrichids and Aotus) typically give birth to twins and cannot
cope with infant carrying without the help of a male (2). Al-
though some socially monogamous mammal species are associ-
ated with high levels of care (8–10), biparental care has been
discounted as a general explanation because it is not ubiquitous
in socially monogamous mammals (11). It may be that rather

than high-cost offspring giving rise to monogamy, monogamy
enables the production of high-cost offspring. Second, social
monogamy may arise when females occupy small but discrete
ranges, making it difficult for males to monopolize more than
one female. Males may choose to form a pair to guard the female
from rival males seeking to mate with her (6, 11). It has been
argued that this was the route to social monogamy among small
ungulates (12), and a similar suggestion has been used to explain
monogamy in other mammals, including primates (6, 11). Fi-
nally, social monogamy might arise where the risks of infanticide
are high and resident males can provide protection against in-
fanticidal males (13–16). Where lactation is longer than gesta-
tion, females are expected to avoid suckling two infants of
different ages simultaneously by delaying the return to oestrus
after parturition. Where oestrus is delayed, it can pay a male,
who is not the father, to kill an unweaned infant so that the fe-
male returns to oestrus sooner (17). There remains no consensus
over which of the above hypotheses best explains monogamy in
primates. Some researchers have proposed that a combination
of explanations may be plausible (16), but others doubt whether
it is possible to test between these hypotheses effectively or to
infer the historical origin of social monogamy (18).
Social monogamy is more common in primates than in other

mammalian orders, accounting for more than a quarter of spe-
cies across all of the major primate clades (Dataset S1). Social
monogamy in primates evolved directly from polygynandry and
appeared relatively late (16 Mya) in primate history (19, 20).
Interestingly, social monogamy appears to be a stable state; once
monogamy evolves there are few transitions back into polygynous
mating systems (19). Primates, therefore, represent an intriguing
case for understanding the factors associated with the evolution
of social monogamy.
Here we use likelihood-based phylogenetic comparative

methods in a Bayesian framework (21) to examine each of
the three hypotheses for the origin of social monogamy, testing
for correlated evolution between mating systems and a key di-
chotomized marker trait for each hypothesis: paternal care,
female ranging patterns, and male infanticide. Given previous
disagreement about potential explanations for social monogamy,
we predicted that there would be evidence for correlated evo-
lution between social monogamy and each of the putative markers;
however, our temporal discrete analyses can also identify the likely
factors driving the switch to monogamy versus the responses fol-
lowing that switch. For discrete traits, we compare the fit of the
dependent model of evolution between mating systems and these
traits to a model in which the traits are constrained to evolve
independently. In addition to correlated evolution, we use
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ancestral-state reconstructions and model rate parameters to
examine whether certain traits preceded monogamy and whether
they tended to make the appearance of monogamy more likely.
For example, if a trait evolved after the emergence of social
monogamy and is more likely to arise in the presence of monog-
amy, it could be seen as the result of pair-living. Conversely, if
a trait is the key functional driver or sufficient condition for the
evolution of monogamy, we expect its appearance to be rapidly
and regularly followed by the emergence of monogamy.

Results
We find decisive support for correlated evolution between social
monogamy and paternal care, female ranging patterns, and male
infanticide (Table 1). This supports our intuition that these traits
represent a suite of social behaviors linked to social monogamy.
However, the demonstration of correlation between traits does
not identify any direction of causality. The ancestral state
reconstructions (SI Appendix and Figs. S4–S7) and model rates
(Fig. 1) suggest that only male infanticide precedes the initial
shift to social monogamy. Paternal care only evolves after a
switch to social monogamy and not in polygynous mating systems
(Fig. 1A). Moreover, once paternal care evolves within social
monogamy it is unlikely to be lost. This finding suggests that
biparental care was not a factor driving the shift to monogamy.
Within a few lineages, discrete female ranges arose independently
of social monogamy; however, a rapid subsequent switch to dis-
crete ranges following the evolution of social monogamy suggests
they might contribute to its maintenance, but were not a causal
factor in its appearance (Fig. 1B).
In contrast, as well as strong correlated evolution between

male infanticide and mating systems, male infanticide precedes
the switch to social monogamy (Fig. 1C and Table 1). First, there
is little support for a transition from polygyny to monogamy with
low infanticide; social monogamy is inferred to have been far
more likely to evolve from polygyny in the presence of high in-
fanticide. Second, once social monogamy evolves there is a high
probability of a subsequent reduction in male infanticide and
a smaller probability of transitions back to polygyny with infan-
ticide remaining high. Taken together, these data suggest that
social monogamy with high infanticide is an unstable state,
whereas social monogamy with low infanticide is a very stable one.
In addition, socially monogamous species have lower risk of

infanticide, in terms of the proportion of the breeding cycle
devoted to lactation (the “weaning proportion”), than do po-
lygynous species (Table 2). This finding hints at one mechanism
by which social monogamy may reduce infanticide risk: social
monogamy facilitates a shorter lactation period compared with
gestation, thereby reducing infanticide risk. There was a strong
reduction in the weaning proportion with the emergence of social
monogamy in most clades (SI Appendix and Fig. S8). Furthermore,
a Markov Chain Monte Carlo (MCMC) phylogenetic t test of pa-
ternal care with weaning proportion shows that species without
paternal care have a significantly higher weaning proportion than
those with paternal care (Table 2).

Discussion
Our results uncover the evolutionary relationship between social
monogamy and its hypothesized causes. The evolution of both
discrete female ranges and paternal care followed the shift to
social monogamy rather than preceded it. Thus, there is little
evidence to suggest that discrete female ranges are the cause of
social monogamy in primates (contra refs. 6 and 11).
Similarly, although paternal care and social monogamy showed

strong correlated evolution, paternal care (as seen in the calli-
trichids and Aotus) followed the appearance of social monogamy
(15, 22). Biparental care in birds also appears to be a secondary
adaptation following pair formation (23). In primates, paternal
care is associated with a shortening of interbirth intervals and an
increase in reproductive rates similar to that seen in birds and
other mammals (2, 7, 15, 24). In socially monogamous primate
species, such as Aotus and the callitrichids, paternal care short-
ens the lactation period, presumably because females can in-
crease the resources devoted to lactation when relieved of some
of the costs of infant care. Although this behavior can make
monogamy more profitable (15), it appears not to be the cause
of monogamy.
Of the traits we tested, high male infanticide alone consistently

preceded the appearance of social monogamy across primates.
Our analyses suggest that socially monogamous species are much
more likely to have low male infanticide rates (Fig. 1C), presumably
as social monogamy provides an effective counter-strategy. So-
cial monogamy can reduce the incidence of infanticide because
one or both pair-members can defend infants (13, 15). Shortened
lactation time associated with biparental care may, however,
play a particularly important role by hastening oestrus resump-
tion, and so further mitigating infanticide risk (25). Both part-
ners may, therefore, initially benefit from male protection of
unweaned infants and in some species there is a secondary
benefit of increasing reproductive rates via biparental care (15).
This association between infanticide and social monogamy

raises the question of why more primate species are not mo-
nogamous. This question becomes particularly relevant when
considering the extraordinarily high rates of infanticide in species
such as gorillas and langurs, where it has been estimated that
infanticide accounts for between 34% (in gorillas, Gorilla gorilla
beringei) and 64% (in langurs, Semnopithecus entellus) of all in-
fant deaths (26, 27). One would expect a strong pressure for
these species to opt for social monogamy if it is an effective
defense against infanticide. However, a switch to social monog-
amy may only be possible where ecological conditions permit.
Other factors play a role in determining optimal grouping pat-
terns: predation pressure drives up group size (28, 29) and re-
source distribution and habitat use also impact on group size
and structure (30, 31). Hanuman langurs and gorillas incur high
levels of mortality from infanticide but also live in a habitat with
high predation risk. The pressure to maintain cohesive social
groups as an antipredator defense may render social monogamy
a nonstarter.

Table 1. Likelihoods for dependent and independent models of correlated evolution between
mating system and other traits

Coevolution analysis

Dependent model Independent model

Log10 Bayes factorLog likelihood SE Log likelihood SE

Paternal care −83.10 ±0.02 −0.92.82 ±0.05 4.22
Discrete female ranges −95.60 ±0.03 −119.40 ±0.02 10.34
Infanticide −163.55 ±0.04 −174.55 ±0.04 4.78

The log10 Bayes factor indicates the relative support for the dependent model over the independent model.
Values <1 suggest little support, 1–2 strong support and >2 decisive support for the dependent over the in-
dependent model (54).
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Nevertheless, these results could explain why social monogamy
is more prevalent among primates than in other mammalian
orders. Complex sociality in primates is associated with large
brains (32), which in turn is associated with altricial young and
long development and lactation periods (25, 33). This extended
dependency period increases the time unweaned infants are
vulnerable to male infanticide (34). However, social monogamy
can help overcome the gray ceiling imposed by the high meta-
bolic and developmental costs of large brains through male care
(24), and allow for slow reproductive rates (35) without in-
creased infanticide risk. Encephalization in great apes (and es-
pecially humans) has led to very long lactation periods and
heightened risk of infanticide (as measured by the weaning
proportion). Chimpanzees deal with the infanticide risk imposed
by this extended dependency period with a polygynandrous mating
system: males defend females and infants within their territory
(36), and females ensure paternity confusion through multiple
mating with community males (37). Promiscuous mating in orang-
utans has also been suggested as an anti-infanticide strategy (38).
For gorillas, although polygyny ensures paternity certainty for
the group male, it also results in the highest infanticide rates seen
among apes (37). Human pair bonds may also be a response to
the pressure that long infant dependency places on females to
find effective protection for their young (39). Indeed, a recent
reconstruction of ancestral mating/marriage systems in humans
suggests that Australopithecines (40, 41) and early modern
humans (42) may have been (at least facultatively) monogamous.
The transition to social monogamy in humans has been proposed
to depend on females choosing to stay faithful to males, even
when of lower quality (43). Once in place these pair-bonds would
facilitate paternal care in the form of male protection and pro-
visioning (44, 45). Male infanticide could thus have been the
pressure that drove females as well as males to stay in long-term
consortships or bonds (35).

Methods
Primate Phylogeny. Analyses were conducted on a Bayesian posterior distri-
bution of 10,000 phylogenies based on mitochondrial and autosomal genes
for 230 primate species [version 2 of the 10kTrees Project (46)]. A large
posterior sample allowed us to infer the evolutionary history of traits while
accounting for phylogenetic uncertainty (46). To display ancestral character
traits, we inferred a maximum-clade credibility tree from the complete
10kTrees sample (46) using TreeAnnotator (47) with nodes dated using
median molecular branch lengths and six known fossil calibration points.

Primate Trait Data. Primate trait data were extracted from the literature and
from primary sources (SI Appendix and Dataset S1). Levels of allocare vary
widely across primate species; we define paternal care as occurring only
where males provide care for at least 30% of infant time (48). We use two
indices of infanticide pressure. First, we collated data on actual cases of in-
fanticide for wild populations; we only included cases where the infanticide
was substantiated either by direct observation or by the exclusion of other
possibilities. It may be that infanticide is affected by sampling effort, such
that it is more likely to have been observed in well-studies species, and may
have been missed in less well-studied ones. For example, it is only after ex-
tensive fieldwork that infanticide has been suggested to take place fol-
lowing male absence in Hylobates lar (49). We accounted for possible
sampling issues in several ways. First, we only included species that had at
least 20 publications. Second, we classified infanticide rates as low or high,
so as to allow for the possibility that low levels of infanticide are occurring in
species where it has not been documented. Third, we demonstrate that

A

B

C

Fig. 1. Coevolution between primate mating system and: (A) paternal care,
(B) discrete female ranges, and (C) reported infanticide. The ancestral state
reconstruction is depicted by dashed lines, which includes the proportion of
the posterior distribution for alternative states. Z denotes visits assigned to
zero as a proportion of the posterior probability distribution. Thickness of
arrows reflects proportion of time transition rate is not assigned to zero,
with dashed line >50% zeros and no line ≥90% zeros. Number below rate
name (qij) is the mean transition rate where rate distribution has zero or
very low z value.

Table 2. Phylogenetic t test of mating system and weaning
proportion and paternal care and weaning proportion using
MCMC methods in BayesTraits

Model β SE β P value

Weaning proportion and mating system 0.01 0.00 0.044
Weaning proportion and paternal care 0.16 0.05 <0.001
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systematic sampling biases could not account for the observed patterns (SI
Appendix). Fourth, we used an independent index of infanticide risk that is
not open to such bias (the proportion of the breeding cycle, defined as
Gestation + Lactation, devoted to lactation) (17). To avoid the issues of
nonnormally distributed data associated with ratios, we converted these
data to a measure of the proportion of the breeding cycle taken up by
lactation, hereafter termed “weaning proportion” [L/(L+G)], which was arc
sine-transformed for analysis. Seasonal breeders with a reproductive “time-
out” period were excluded, as a weaning proportion value above 50%
would falsely suggest that infanticide would bring a female back into
oestrus sooner, and thereby improve mating opportunities for males.

Analyses. Modeling trait evolution. We used a likelihood framework and
Bayesian inference to model the evolution of traits along the branches of
the primate phylogeny. Following Shultz, Opie, and Atkinson (20), analyses
were carried out in BayesTraits (50, 51) using an MCMC (52) sampling al-
gorithm together with a reversible jump (RJ) procedure. Rather than fitting
a model in which all changes are possible, the RJ procedure searches the
posterior distribution of possible models by linking (setting to equal) or
removing (setting to zero) transition-rate parameters. Models are then
sampled in proportion to their likelihood, accounting for variation in the
number of parameters. This process allows us to explore the space of pos-
sible models and derive a Bayesian posterior distribution of model log-
likelihoods, rate parameters, and inferred ancestral states on the primate
phylogeny.

Maximum-likelihood analysis of the data, which gives point estimates of
model parameters, indicated a small number of changes per unit of branch
length such that the prior distribution on rates could be described by an
exponential probability distribution. The prior was seeded from an expo-
nential hyperprior with amean and variance in the range of 0–2 (50). The rate
deviation value, which sets the amount that the rate parameters of the
model change in each iteration of the Markov chain, was varied to ensure
that acceptance rates were between 15% and 40% (50). Convergence was
checked visually by evaluating changes in the log-likelihood in Tracer (53).
Each MCMC chain was run five times for 5 million iterations sampled every
100, with the first 50,000 iterations discarded as the burn-in period, to en-
sure that convergence had been reached. The posterior probabilities for the
transition models, rate parameters, log-likelihoods, and states at ancestral
nodes from the run with the median likelihood taken from the postcon-
vergence portion of each run are reported.

Ancestral states. We used an RJ MCMC approach within the Multistate pro-
cedure in BayesTraits (50, 51) to infer states at ancestral nodes for each trait
(SI Appendix and Figs. S4–S7). Although these results are drawn on the max-
imum-clade credibility tree, the analysis was performed across the posterior
distribution of 10,000 primate trees. The ancestral state probabilities for each
node of the tree (the colored pies in SI Appendix and Figs. S4–S7) are the
combined posterior probability of each state at that node with the posterior
probability that the node itself exists.
Correlated evolution between social monogamy and other traits. The Discrete
option in BayesTraits can be used to test for the correlated evolution of
two binary traits over a phylogeny. We coded mating system as a binary
variable-polygyny (0) (including both uni-male/multifemale and multimale/
multifemale systems) versus social monogamy (1), and tested for evidence of
correlated evolution with the other binary traits (Table 1). Evidence for
correlated evolution was measured using a Bayes factor (54) comparing
model fit between a model in which the traits are allowed to evolve in-
dependently (the independent model) to one in which rates of change in
one trait are dependent on rates in the other (the dependent model). The
independent model can be rejected if there is support for the dependent
model, indicating correlated evolution between the mating system and the
chosen trait. For comparisons between models we calculated the log10 Bayes
factor, generated with Tracer (53). The log10 Bayes factor shows the weight
of evidence to support one model over another, from 0–0.5 (insubstantial),
to 0.5–1.0 (substantial), to 1.0–2.0 (strong), to >2.0 (decisive) (54). We also
tested the relative timing of the evolution of the traits by comparing the
transition rates between states (Fig. 1), and the switches inferred from the
ancestral state reconstructions (SI Appendix and Figs. S4–S7).

A random-walk MCMC procedure in BayesTraits Continuous (50, 55) was
used to infer the ancestral states of the continuous trait weaning proportion
(representing infanticide risk) across the primate phylogeny, which was then
plotted onto the maximum-clade probability primate tree (SI Appendix and
Fig. S8). Phylogenetic t tests were run using Continuous to test for correlated
evolution between the binary mating system trait and weaning proportion,
and paternal care and weaning proportion, in a Bayesian framework using
MCMC methods, where the percentage of the posterior of the regression
coefficient that crosses zero indicates the P value (55).
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Supplementary	
  Appendix	
  

Data	
  

The	
  sample	
  sizes	
  and	
  distribution	
  of	
  traits	
  used	
  in	
  the	
  analyses	
  are	
  summarised	
  in	
  Table	
  S1.	
  Primate	
  

trait	
  data	
  were	
  extracted	
  from	
  the	
  literature	
  and	
  from	
  primary	
  sources	
  (Dataset	
  S1).	
  

Table	
  S1.	
  Coding	
  for	
  binary	
  traits	
  and	
  number	
  by	
  coding	
  (Dataset	
  S1).	
  

Binary	
  trait	
  
Coding	
  

State	
  (0)	
   N	
   State	
  (1)	
   N	
   Polymorphic	
  
(01)	
  

Mating	
  system	
   Polygyny	
   152	
   Pair	
  living	
   34	
   28	
  
Paternal	
  care	
   No	
  care	
   192	
   Care	
   27	
   -­‐	
  
Female	
  ranging	
  

patterns	
  
Discrete	
  
ranges	
   49	
   Overlapping	
  

ranges	
   164	
   -­‐	
  

Infanticide	
   Low	
  
infanticide	
   120	
   High	
  infanticide	
   56	
   -­‐	
  

	
  

Paternal	
  care	
  	
  

Ross	
  and	
  MacLarnon	
  (1)	
  use	
  a	
  four	
  point	
  scale:	
  1	
  (no	
  or	
  very	
  low	
  care,	
  0	
  –	
  5%	
  of	
  infant	
  time),	
  2	
  (low	
  

care,	
  5-­‐30%	
  of	
  infant	
  time),	
  3	
  (medium	
  care	
  30-­‐55%	
  of	
  infant	
  time),	
  	
  and	
  4	
  (high	
  care,	
  >	
  55%	
  of	
  infant	
  

time)	
  for	
  allocare	
  (by	
  all	
  carers)	
  in	
  anthropoid	
  primates,	
  including	
  feeding,	
  carrying,	
  playing	
  and	
  

grooming.	
  They	
  suggest	
  that	
  category	
  3	
  (30	
  -­‐	
  55%	
  of	
  infant	
  time)	
  and	
  above	
  represents	
  significant	
  

allocare.	
  We	
  have	
  redefined	
  this	
  scheme	
  to	
  focus	
  on	
  paternal	
  care	
  across	
  the	
  primate	
  order,	
  defining	
  

significant	
  care	
  as	
  adult	
  males	
  providing	
  care	
  for	
  at	
  least	
  30%	
  of	
  infant	
  time	
  (Dataset	
  S1).	
  	
  



Female	
  Ranging	
  Patterns	
  

Female	
  ranges	
  are	
  designated	
  as	
  either	
  discrete	
  or	
  overlapping.	
  Discrete	
  female	
  ranges	
  are	
  defined	
  

as	
  overlapping	
  by	
  less	
  than	
  5%	
  (following	
  Komers	
  and	
  Brotherton	
  (2)).	
  Data	
  were	
  collected	
  from	
  the	
  

literature	
  (Dataset	
  S1).	
  	
  

Infanticide	
  

Reports	
  of	
  infanticide	
  were	
  taken	
  from	
  the	
  literature	
  and	
  were	
  included	
  where	
  infanticide	
  was	
  

observed	
  in	
  wild	
  populations	
  (Dataset	
  S1).	
  Furthermore,	
  because	
  of	
  the	
  rarity	
  of	
  infanticide,	
  it	
  is	
  not	
  

possible	
  to	
  be	
  certain	
  that	
  a	
  lack	
  of	
  reporting	
  of	
  infanticide,	
  even	
  in	
  well-­‐studied	
  species,	
  confirms	
  

that	
  infanticide	
  does	
  not	
  take	
  place	
  in	
  that	
  species.	
  This	
  issue	
  has	
  been	
  highlighted	
  by	
  a	
  recent	
  study	
  

using	
  long-­‐term	
  data	
  (spanning	
  29	
  years)	
  on	
  Hylobates	
  lar	
  (3).	
  Although	
  this	
  well-­‐studied	
  species	
  

(726	
  publications	
  -­‐	
  Dataset	
  S1)	
  was	
  presumed	
  to	
  have	
  no	
  infanticide,	
  by	
  using	
  the	
  full	
  data	
  set	
  

Borries	
  and	
  colleagues	
  (3)	
  were	
  able	
  to	
  show	
  that	
  male	
  infanticide	
  did	
  take	
  place,	
  even	
  if	
  very	
  rarely.	
  

We	
  have	
  therefore	
  categorised	
  species	
  as	
  “high	
  infanticide”,	
  where	
  infanticide	
  has	
  be	
  widely	
  

documented,	
  and	
  “low	
  infanticide”	
  where	
  infanticide	
  has	
  not	
  been	
  reported	
  or	
  is	
  thought	
  to	
  be	
  rare.	
  

We	
  classified	
  species	
  as	
  ‘low	
  rates	
  of	
  infanticide’	
  in	
  order	
  to	
  reflect	
  the	
  possibility	
  that	
  there	
  is	
  some	
  

low-­‐level	
  of	
  infanticide	
  pressure	
  even	
  in	
  species	
  where	
  it	
  is	
  unreported.	
  Species	
  with	
  less	
  than	
  20	
  

publications	
  have	
  been	
  excluded	
  from	
  these	
  analyses	
  on	
  the	
  grounds	
  that	
  they	
  have	
  not	
  been	
  

sufficiently	
  studied	
  to	
  determine	
  the	
  level	
  of	
  infanticide	
  that	
  takes	
  place	
  in	
  the	
  species.	
  

Since	
  infanticide	
  is	
  a	
  rare	
  event,	
  even	
  in	
  those	
  populations	
  where	
  infanticide	
  is	
  a	
  significant	
  cause	
  of	
  

infant	
  death,	
  the	
  reporting	
  of	
  infanticide	
  for	
  species	
  may	
  be	
  influenced	
  by	
  the	
  intensity	
  of	
  study.	
  In	
  

particular,	
  it	
  may	
  be	
  that	
  polygynous	
  species	
  have	
  been	
  more	
  intensely	
  studied	
  than	
  monogamous	
  

species,	
  since	
  they	
  are	
  more	
  likely	
  to	
  occupy	
  open	
  habitats,	
  and	
  therefore	
  infanticide	
  is	
  more	
  likely	
  

to	
  have	
  been	
  seen	
  in	
  those	
  species.	
  We	
  therefore	
  performed	
  a	
  literature	
  search	
  for	
  the	
  number	
  of	
  

publications	
  for	
  each	
  primate	
  species	
  using	
  Web	
  of	
  Science	
  (http://apps.webofknowledge.com).	
  



Those	
  species	
  with	
  >100	
  publications	
  were	
  deemed	
  well	
  studied.	
  There	
  was	
  no	
  association	
  between	
  

being	
  well	
  studied	
  and	
  being	
  polygynous	
  (Table	
  S2,	
  X2	
  =	
  0.87,	
  df	
  =	
  1,	
  p	
  =	
  0.35).	
  Moreover,	
  there	
  was	
  

no	
  significant	
  difference	
  in	
  the	
  mean	
  log10	
  number	
  of	
  publications	
  for	
  monogamous	
  versus	
  

polygynous	
  species	
  (two	
  tailed	
  t=0.22,	
  p	
  =	
  0.82,	
  Figure	
  S1).	
  	
  

Table	
  S2.	
  Study	
  intensity	
  of	
  primate	
  species	
  by	
  mating	
  system.	
  
Study	
  Intensity	
   Polygynous	
   Monogamous	
  
Limited	
  study	
   97	
   36	
  
Well	
  studied	
   66	
   17	
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Figure	
  S1.	
  Plot	
  of	
  number	
  of	
  publications	
  for	
  individual	
  primate	
  species	
  by	
  mating	
  system.	
  

	
  

The	
  main	
  text	
  shows	
  a	
  clear	
  association	
  between	
  low	
  infanticide	
  and	
  monogamous	
  mating.	
  In	
  order	
  

to	
  test	
  whether	
  this	
  association	
  was	
  influenced	
  by	
  intensity	
  of	
  study	
  we	
  also	
  subset	
  the	
  data	
  to	
  well-­‐

studied	
  species.	
  The	
  association	
  between	
  low	
  infanticide	
  and	
  monogamy	
  still	
  holds	
  when	
  the	
  data	
  

was	
  subset	
  to	
  well-­‐studied	
  species.	
  Correlated	
  evolution	
  is	
  strong	
  between	
  infanticide	
  and	
  mating	
  



system	
  (log10	
  Bayes	
  Factor	
  2.98)	
  and	
  there	
  is	
  a	
  clear	
  association	
  between	
  low	
  infanticide	
  and	
  

monogamy,	
  with	
  low	
  transition	
  rates	
  out	
  of	
  the	
  derived	
  state	
  of	
  monogamy	
  with	
  low	
  infanticide	
  

(Figure	
  S2).	
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Figure	
  S2.	
  Correlated	
  evolution	
  between	
  primate	
  mating	
  system	
  and	
  male	
  infanticide	
  in	
  well-­‐studied	
  
species.	
  Z	
  denotes	
  visits	
  assigned	
  to	
  zero	
  as	
  a	
  proportion	
  of	
  the	
  posterior	
  probability	
  distribution.	
  
Thickness	
  of	
  arrows	
  reflects	
  proportion	
  of	
  time	
  transition	
  rate	
  is	
  not	
  assigned	
  to	
  zero,	
  with	
  dashed	
  
line	
  >	
  50%	
  zeros.	
  Number	
  below	
  rate	
  name	
  (qij)	
  is	
  the	
  mean	
  transition	
  rate	
  where	
  rate	
  distribution	
  
has	
  zero	
  or	
  very	
  low	
  Z	
  value.	
  



Weaning	
  proportion	
   

Data	
  for	
  gestation	
  length	
  (G)	
  and	
  lactation	
  length	
  (L)	
  were	
  collected	
  from	
  the	
  literature	
  (Dataset	
  S1).	
  

The	
  weaning	
  proportion	
  (L/(L+G))	
  shows	
  the	
  relative	
  length	
  of	
  lactation	
  to	
  the	
  inter-­‐birth	
  interval	
  

and	
  indicates	
  infanticide	
  risk	
  (Figure	
  S3).	
  Data	
  were	
  Arc	
  Sine	
  transformed.	
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Figure	
  S3.	
  The	
  relative	
  length	
  of	
  lactation	
  and	
  gestation	
  affects	
  the	
  occurrence	
  of	
  two	
  lactating	
  
offspring	
  of	
  different	
  ages	
  in	
  non-­‐seasonal	
  breeding	
  primates	
  indicating	
  infanticide	
  risk	
  
(following	
  van	
  Schaik	
  (4)).	
  (C=conception,	
  B=birth,	
  and	
  W=weaning).	
  Where	
  lactation	
  is	
  short	
  
relative	
  to	
  gestation	
  (top)	
  conception	
  can	
  occur	
  soon	
  after	
  the	
  birth	
  of	
  the	
  previous	
  offspring	
  
without	
  lactation	
  periods	
  overlapping	
  (as	
  shown	
  by	
  open	
  arrow).	
  Male	
  infanticide	
  would	
  have	
  
no	
  effect	
  on	
  birth	
  timing	
  of	
  the	
  subsequent	
  offspring	
  and	
  is	
  therefore	
  predicted	
  to	
  be	
  low.	
  Where	
  
lactation	
  is	
  long	
  relative	
  to	
  gestation	
  (bottom)	
  post-­‐partum	
  conception	
  would	
  lead	
  to	
  two	
  
lactating	
  offspring	
  for	
  a	
  period	
  (as	
  shown	
  by	
  the	
  open	
  arrow),	
  and	
  therefore	
  conception	
  is	
  
delayed.	
  However,	
  this	
  delay	
  then	
  enables	
  a	
  male	
  to	
  hasten	
  a	
  return	
  to	
  oestrus	
  in	
  a	
  female	
  by	
  
killing	
  her	
  lactating	
  infant.	
  

	
  



For	
  seasonal	
  breeding	
  species	
  with	
  a	
  single	
  reproductive	
  event	
  each	
  year	
  followed	
  by	
  a	
  ‘timeout	
  

period’,	
  lactation	
  longer	
  than	
  gestation	
  would	
  falsely	
  suggest	
  that	
  there	
  was	
  infanticide	
  risk,	
  but	
  the	
  

killing	
  of	
  her	
  infant	
  would	
  not	
  speed	
  a	
  female’s	
  return	
  to	
  oestrus.	
  Seasonal	
  breeders	
  (with	
  a	
  timeout	
  

period)	
  are	
  identified	
  in	
  the	
  Dataset	
  S1,	
  and	
  these	
  species	
  were	
  removed	
  from	
  this	
  analysis	
  

(following	
  van	
  Schaik	
  (4)).	
  	
  

Phylogenetic	
  Signal	
  

Phylogenetic	
  signal	
  was	
  tested	
  in	
  discrete	
  traits	
  (Table	
  S3)	
  by	
  calculating	
  D	
  using	
  the	
  function	
  

phylo.d	
  (5)	
  in	
  the	
  Caper	
  package	
  (6)	
  in	
  R	
  (7).	
  A	
  D	
  value	
  significantly	
  different	
  from	
  random	
  indicates	
  

that	
  related	
  species	
  are	
  more	
  similar	
  in	
  a	
  particular	
  trait	
  than	
  would	
  be	
  expected	
  by	
  chance	
  (5).	
  For	
  

the	
  continuous	
  trait	
  the	
  Continuous	
  procedure	
  in	
  BayesTraits	
  (8)	
  was	
  used	
  to	
  test	
  for	
  phylogenetic	
  

signal	
  by	
  calculating	
  Pagel’s	
  λ	
  (9,	
  10).	
  A	
  λ	
  value	
  of	
  1	
  indicates	
  the	
  probability	
  of	
  shared	
  inheritance	
  is	
  

proportional	
  to	
  relatedness,	
  while	
  a	
  λ	
  value	
  of	
  0	
  suggests	
  evolution	
  is	
  independent	
  of	
  the	
  

phylogenetic	
  tree.	
  

Each	
  of	
  the	
  discrete	
  traits	
  tested	
  have	
  a	
  phylogenetic	
  structure	
  that	
  has	
  a	
  zero	
  probability	
  of	
  being	
  

generated	
  from	
  a	
  random	
  distribution	
  (no	
  phylogenetic	
  structure)	
  (Table	
  S3),	
  while	
  the	
  continuous	
  

trait	
  has	
  a	
  λ	
  value	
  close	
  to	
  1	
  (Table	
  S4).	
  These	
  results	
  suggest	
  that	
  for	
  the	
  traits	
  used	
  here	
  

phylogenetic	
  ancestry	
  is	
  a	
  significant	
  factor	
  in	
  their	
  distribution	
  across	
  extant	
  taxa.	
  



Table	
  S3.	
  D	
  statistic	
  for	
  phylogenetic	
  structure	
  of	
  binary	
  traits.	
  

Trait	
  Data	
   Est.	
  D	
   Probability	
  of	
  Est.	
  D	
  resulting	
  from:	
  

No	
  phylogenetic	
  structure	
  (random)	
   Brownian	
  motion	
  

Mating	
  system	
   -­‐0.11	
   0.000	
   0.722	
  

Paternal	
  care	
  	
   -­‐0.55	
   0.000	
   0.994	
  

Female	
  ranging	
  patterns	
   -­‐0.17	
   0.000	
   0.807	
  

Infanticide	
  	
   0.54	
   0.000	
   0.001	
  

	
  
	
  

Table	
  S4.	
  Bayesian	
  analyses	
  of	
  traits	
  with	
  results	
  for	
  root	
  values	
  and	
  phylogenetic	
  signal	
  (λ)	
  

Analysis	
   Lh	
   Harmonic	
  mean	
   Alpha	
  (Root)	
   Lambda	
  (λ)	
  
Weaning	
  Proportion	
   74.95	
   73.56	
   0.54	
   0.92	
  

	
  

Transition	
  Rates	
  

Transition	
  rates	
  between	
  states	
  can	
  be	
  used	
  to	
  determine	
  the	
  relative	
  timing	
  of	
  changes	
  

between	
  states	
  where	
  there	
  is	
  correlated	
  evolution	
  between	
  two	
  binary	
  traits	
  (Figure	
  1,	
  Table	
  

S5).	
  

Table	
  S5.	
  The	
  posterior	
  probability	
  of	
  transition	
  rate	
  being	
  zero	
  for	
  correlated	
  evolution	
  
analyses	
  between	
  mating	
  system	
  and	
  other	
  traits.	
  Transition	
  rates	
  are	
  referred	
  to	
  as	
  qij,	
  where	
  i	
  
and	
  j	
  refer	
  to	
  the	
  beginning	
  and	
  end	
  trait	
  states	
  of	
  the	
  transition	
  respectively	
  (1	
  is	
  the	
  ancestral	
  
state,	
  4	
  is	
  the	
  derived	
  state	
  and	
  2	
  and	
  3	
  are	
  the	
  intermediate	
  states)	
  in	
  correlated	
  evolution	
  
Figure	
  1.	
  

Co-­‐evolutionary	
  analyses	
  
(with	
  mating	
  system)	
  

Posterior	
  probability	
  of	
  a	
  zero	
  rate	
  (%)	
  

q12	
   q13	
   q21	
   q24	
   q31	
   q34	
   q42	
   q43	
  

Paternal	
  care	
   99.7	
   0.0	
   39.5	
   34.5	
   3.8	
   0.0	
   89.5	
   87.5	
  
Female	
  ranging	
  patterns	
   99.6	
   0.0	
   14.5	
   1.4	
   26.4	
   0.0	
   76.5	
   14.1	
  
Infanticide	
   0.0	
   75.8	
   0.0	
   0.12	
   93.2	
   90.1	
   20.7	
   0.8	
  
	
  



Evolutionary	
  Models	
  

As	
  outlined	
  in	
  the	
  methods	
  section,	
  analyses	
  were	
  carried	
  out	
  in	
  BayesTraits	
  (8,	
  11)	
  using	
  a	
  Markov	
  

Chain	
  Monte	
  Carlo	
  (MCMC)	
  (12)	
  sampling	
  algorithm	
  together	
  with	
  a	
  reversible	
  jump	
  (RJ)	
  procedure.	
  

The	
  RJ	
  procedure	
  searches	
  the	
  posterior	
  distribution	
  of	
  possible	
  models	
  by	
  linking	
  (setting	
  to	
  equal)	
  

or	
  removing	
  (setting	
  to	
  zero	
  (Z))	
  transition	
  rate	
  parameters.	
  Models	
  were	
  sampled	
  in	
  proportion	
  to	
  

their	
  posterior	
  probability,	
  accounting	
  for	
  variation	
  in	
  the	
  number	
  of	
  parameters	
  (Tables	
  S6-­‐S8).	
  



	
  

Table	
  S6.	
  Top	
  ten	
  and	
  fiftieth	
  model	
  of	
  mating	
  system	
  and	
  paternal	
  care	
  with	
  their	
  posterior	
  
probabilities.	
  (Note:	
  Z	
  =	
  transition	
  rate	
  assigned	
  to	
  zero.	
  0,	
  1	
  and	
  2	
  are	
  non-­‐zero	
  rates.)	
  
Subscripts	
  on	
  the	
  transition	
  rates	
  refer	
  to	
  the	
  four	
  possible	
  states	
  of	
  the	
  two	
  binary	
  traits.	
  
Frequency	
  =	
  visits	
  to	
  the	
  model	
  in	
  the	
  posterior	
  sample	
  of	
  50,000	
  observations.	
  Approximately	
  
87	
  visits	
  are	
  expected	
  by	
  chance	
  (following	
  Pagel	
  and	
  Meade	
  (11)).	
  

Model	
   Transition	
  Rates	
   Frequency	
   Probability	
  
(%)	
  

Cumulative	
  
probability	
  

(%)	
  
q12	
   q13	
   q21	
   q24	
   q31	
   q34	
   q42	
   q43	
  

1	
   Z	
   0	
   0	
   0	
   0	
   0	
   Z	
   Z	
   11025	
   22.1	
   22.1	
  
2	
   Z	
   0	
   Z	
   0	
   0	
   0	
   Z	
   Z	
   10678	
   21.4	
   43.4	
  
3	
   Z	
   0	
   0	
   Z	
   0	
   0	
   Z	
   Z	
   8561	
   17.1	
   60.5	
  
4	
   Z	
   0	
   Z	
   Z	
   0	
   0	
   Z	
   Z	
   5773	
   11.5	
   72.1	
  
5	
   Z	
   0	
   0	
   0	
   0	
   0	
   Z	
   0	
   1884	
   3.8	
   75.8	
  
6	
   Z	
   0	
   0	
   0	
   0	
   0	
   0	
   Z	
   1163	
   2.3	
   78.2	
  
7	
   Z	
   1	
   0	
   1	
   1	
   1	
   1	
   Z	
   625	
   1.3	
   79.4	
  
8	
   Z	
   0	
   Z	
   Z	
   0	
   0	
   0	
   Z	
   623	
   1.2	
   80.7	
  
9	
   Z	
   0	
   Z	
   0	
   Z	
   0	
   Z	
   0	
   572	
   1.1	
   81.8	
  
10	
   Z	
   0	
   Z	
   Z	
   Z	
   0	
   Z	
   0	
   538	
   1.1	
   82.9	
  
50	
   Z	
   1	
   Z	
   1	
   0	
   1	
   Z	
   Z	
   45	
   0.1	
   91.9	
  

	
  

Table	
  S7.	
  Top	
  ten	
  and	
  fiftieth	
  model	
  of	
  mating	
  system	
  and	
  female	
  ranging	
  patterns	
  with	
  their	
  
posterior	
  probabilities.	
  (Note:	
  Z	
  =	
  transition	
  rate	
  assigned	
  to	
  zero.	
  0,	
  1	
  and	
  2	
  are	
  non-­‐zero	
  rates.)	
  
Subscripts	
  on	
  the	
  transition	
  rates	
  refer	
  to	
  the	
  four	
  possible	
  states	
  of	
  the	
  two	
  binary	
  traits.	
  
Frequency	
  =	
  visits	
  to	
  the	
  model	
  in	
  the	
  posterior	
  sample	
  of	
  50,000	
  observations.	
  Approximately	
  
95	
  visits	
  are	
  expected	
  by	
  chance	
  (following	
  Pagel	
  and	
  Meade	
  (11)).	
  

Model	
   Transition	
  Rates	
   Frequency	
   Probability	
  
(%)	
  

Cumulative	
  
Probability	
  

(%)	
  
q12	
   q13	
   q21	
   q24	
   q31	
   q34	
   q42	
   q43	
  

1	
   Z	
   1	
   1	
   1	
   0	
   0	
   Z	
   1	
   10082	
   20.2	
   20.2	
  
2	
   Z	
   1	
   1	
   1	
   1	
   0	
   Z	
   1	
   6253	
   12.5	
   32.7	
  
3	
   Z	
   1	
   1	
   1	
   Z	
   0	
   Z	
   1	
   6050	
   12.1	
   44.8	
  
4	
   Z	
   0	
   0	
   0	
   1	
   1	
   Z	
   0	
   4215	
   8.4	
   53.2	
  
5	
   Z	
   1	
   1	
   1	
   Z	
   0	
   Z	
   Z	
   2299	
   4.6	
   57.8	
  
6	
   Z	
   0	
   0	
   0	
   Z	
   1	
   Z	
   0	
   1926	
   3.9	
   61.7	
  
7	
   Z	
   0	
   0	
   0	
   0	
   1	
   Z	
   0	
   1837	
   3.7	
   65.3	
  
8	
   Z	
   1	
   Z	
   1	
   1	
   0	
   1	
   1	
   1503	
   3.0	
   68.3	
  
9	
   Z	
   1	
   1	
   1	
   1	
   0	
   Z	
   Z	
   1489	
   3.0	
   71.3	
  
10	
   Z	
   1	
   1	
   1	
   0	
   0	
   1	
   1	
   1291	
   2.6	
   73.9	
  
50	
   Z	
   1	
   Z	
   2	
   0	
   0	
   1	
   2	
   39	
   0.1	
   94.9	
  

	
  

	
  



Table	
  S8.	
  Top	
  ten	
  and	
  fiftieth	
  model	
  of	
  mating	
  system	
  and	
  infanticide	
  with	
  their	
  posterior	
  
probabilities.	
  (Note:	
  Z	
  =	
  transition	
  rate	
  assigned	
  to	
  zero.	
  0,	
  1	
  and	
  2	
  are	
  non-­‐zero	
  rates.)	
  
Subscripts	
  on	
  the	
  transition	
  rates	
  refer	
  to	
  the	
  four	
  possible	
  states	
  of	
  the	
  two	
  binary	
  traits.	
  
Frequency	
  =	
  visits	
  to	
  the	
  model	
  in	
  the	
  posterior	
  sample	
  of	
  50,000	
  observations.	
  Approximately	
  
124	
  visits	
  are	
  expected	
  by	
  chance	
  (following	
  Pagel	
  and	
  Meade	
  (11)).	
  

Models	
   Transition	
  Rates	
   Frequency	
   Probability	
  
(%)	
  

Cumulative	
  
Probability	
  (%)	
  q12	
   q13	
   q21	
   q24	
   q31	
   q34	
   q42	
   q43	
  

1	
   1	
   Z	
   1	
   0	
   Z	
   Z	
   1	
   1	
   11364	
   22.7	
   22.7	
  
2	
   1	
   Z	
   1	
   0	
   Z	
   Z	
   0	
   1	
   8880	
   17.8	
   40.5	
  
3	
   1	
   Z	
   1	
   0	
   Z	
   Z	
   Z	
   0	
   5737	
   11.5	
   52.0	
  
4	
   1	
   Z	
   1	
   1	
   Z	
   Z	
   0	
   1	
   2524	
   5.0	
   57.0	
  
5	
   1	
   0	
   1	
   0	
   Z	
   Z	
   0	
   1	
   2186	
   4.4	
   61.4	
  
6	
   1	
   0	
   1	
   0	
   Z	
   Z	
   Z	
   1	
   2050	
   4.1	
   65.5	
  
7	
   0	
   Z	
   0	
   1	
   Z	
   Z	
   0	
   0	
   1594	
   3.2	
   68.7	
  
8	
   1	
   0	
   1	
   0	
   Z	
   Z	
   1	
   1	
   1444	
   2.9	
   71.6	
  
9	
   1	
   Z	
   1	
   0	
   Z	
   0	
   0	
   1	
   932	
   1.9	
   73.4	
  
10	
   0	
   Z	
   0	
   1	
   Z	
   Z	
   1	
   0	
   911	
   1.8	
   75.2	
  
50	
   2	
   Z	
   2	
   0	
   Z	
   Z	
   2	
   1	
   71	
   0.1	
   94.8	
  

	
  



Ancestral	
  States	
  

We	
  used	
  an	
  RJ	
  MCMC	
  approach	
  within	
  the	
  Multistate	
  procedure	
  in	
  BayesTraits	
  (8,	
  11)	
  to	
  infer	
  states	
  

at	
  ancestral	
  nodes	
  for	
  each	
  binary	
  trait	
  (Figures	
  S4-­‐S7).	
  For	
  the	
  continuous	
  trait	
  we	
  also	
  used	
  an	
  

MCMC	
  approach	
  in	
  the	
  Continuous	
  procedure	
  in	
  BayesTraits	
  (8,	
  11)	
  to	
  infer	
  states	
  at	
  ancestral	
  nodes	
  

(Figure	
  S8).	
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Figure	
  S4.	
  Ancestral	
  node	
  reconstructions	
  for	
  primate	
  mating	
  systems	
  from	
  MCMC	
  analysis	
  plotted	
  
on	
  the	
  maximum	
  clade	
  credibility	
  tree	
  derived	
  from	
  the	
  full	
  posterior	
  sample	
  of	
  trees.	
  The	
  pies	
  at	
  
ancestral	
  nodes	
  are	
  the	
  combined	
  posterior	
  probability	
  of	
  each	
  state	
  at	
  that	
  node	
  with	
  the	
  posterior	
  
probability	
  that	
  the	
  node	
  itself	
  exists.	
  Red	
  shading	
  indicates	
  probability	
  of	
  monogamy	
  at	
  each	
  node	
  
and	
  tip;	
  purple	
  indicates	
  probability	
  of	
  polygyny.	
  Two	
  columns	
  used	
  at	
  tips	
  for	
  polymorphic	
  species.	
  
Grey	
  represents	
  missing	
  data	
  or	
  monomorphic	
  species	
  (if	
  in	
  2nd	
  column)	
  at	
  tips,	
  and	
  node	
  
uncertainty	
  derived	
  from	
  the	
  full	
  phylogeny.	
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Figure	
  S5.	
  Ancestral	
  node	
  reconstructions	
  for	
  paternal	
  care	
  from	
  MCMC	
  analysis	
  plotted	
  on	
  the	
  
maximum	
  clade	
  credibility	
  tree	
  derived	
  from	
  the	
  full	
  posterior	
  sample	
  of	
  trees.	
  Red	
  shading	
  indicates	
  
probability	
  of	
  paternal	
  care	
  at	
  each	
  node	
  and	
  tip;	
  purple	
  indicates	
  probability	
  of	
  no	
  care.	
  Grey	
  
represents	
  node	
  uncertainty	
  derived	
  from	
  the	
  full	
  phylogeny.	
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Figure	
  S6.	
  Ancestral	
  node	
  reconstructions	
  for	
  female	
  ranging	
  patterns	
  from	
  MCMC	
  analysis	
  plotted	
  
on	
  the	
  maximum	
  clade	
  credibility	
  tree	
  derived	
  from	
  the	
  full	
  posterior	
  sample	
  of	
  trees.	
  Purple	
  shading	
  
indicates	
  probability	
  of	
  overlapping	
  female	
  ranges	
  at	
  each	
  node	
  and	
  tip;	
  red	
  indicates	
  probability	
  of	
  
discrete	
  female	
  ranges.	
  Grey	
  represents	
  missing	
  data	
  at	
  tips	
  and	
  node	
  uncertainty	
  derived	
  from	
  the	
  
full	
  phylogeny.	
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Figure	
  S7.	
  Ancestral	
  node	
  reconstructions	
  for	
  infanticide	
  from	
  MCMC	
  analysis	
  plotted	
  on	
  the	
  
maximum	
  clade	
  credibility	
  tree	
  derived	
  from	
  the	
  full	
  posterior	
  sample	
  of	
  trees.	
  Purple	
  shading	
  
indicates	
  probability	
  of	
  high	
  infanticide	
  at	
  each	
  node	
  and	
  tip;	
  red	
  indicates	
  probability	
  of	
  low	
  
infanticide.	
  Grey	
  represents	
  missing	
  data	
  at	
  tips	
  and	
  node	
  uncertainty	
  derived	
  from	
  the	
  full	
  
phylogeny.	
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Figure	
  S8.	
  Inferred	
  proportion	
  of	
  the	
  breeding	
  cycle	
  dedicated	
  to	
  lactation	
  at	
  ancestral	
  nodes	
  of	
  the	
  

primate	
  phylogeny	
  from	
  MCMC	
  analysis	
  plotted	
  on	
  the	
  maximum	
  clade	
  credibility	
  tree	
  derived	
  from	
  

the	
  full	
  posterior	
  sample	
  of	
  trees.	
  Size	
  of	
  circle	
  at	
  nodes	
  is	
  proportional	
  to	
  value.	
  Red	
  denotes	
  

ancestral	
  node;	
  purple	
  denotes	
  extant	
  taxa.	
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Supplementary Data Table
Family Species (10k Tree version 2) Common Name Mating System

Sources

1,7,8,11,13,29,34

Lemuriformes Allocebus_trichotis Hairy-eared dwarf lemur Monogamous

Avahi_laniger Eastern Woolly lemur Monogamous

Avahi_occidentalis Western Woolly Lemur Monogamous

Cheirogaleus_crossleyi Furry-eared Dwarf Lemur Monogamous

Cheirogaleus_major Greater dwarf lemur Monogamous

Cheirogaleus_medius Fat-tailed dwarf lemurPolygynous/Monogamous

Daubentonia_madagascariensis Aye-aye Polygynandrous

Eulemur_coronatus Crowned lemur Polygynandrous

Eulemur_fulvus_albifrons white-fronted Brown lemurPolygynandrous

Eulemur_fulvus_albocollaris White-collared lemur Polygynandrous

Eulemur_fulvus_collaris Red-collared lemur Polygynandrous

Eulemur_fulvus_fulvus common Brown lemur Polygynandrous

Eulemur_fulvus_mayottensis Brown lemur of Mayotte Polygynandrous

Eulemur_fulvus_rufus Red-fronted lemur Polygynandrous

Eulemur_fulvus_sanfordi Sanford's lemur Polygynandrous

Eulemur_macaco_flavifrons blue-eyed black lemur Polygynandrous

Eulemur_macaco_macaco Black lemur Polygynandrous

Eulemur_mongoz Mongoose lemur Monogamous

Eulemur_rubriventer Red-bellied lemur Monogamous

Hapalemur_aureus Golden bamboo lemur Monogamous

Hapalemur_griseus_alaotrensis Lac Alaotra bamboo LemurPolygynous/Monogamous

Hapalemur_griseus_griseus Eastern grey bamboo lemurPolygynous/Monogamous

Hapalemur_griseus_meridionalisGrey gentle lemur Polygynous/Monogamous

Hapalemur_griseus_occidentalis Western gentle lemurPolygynous/Monogamous

Hapalemur_simus Broad-nosed gentle lemurPolygynandrous

Indri_indri Indri Monogamous

Lemur_catta Ring-tailed lemur Polygynandrous

Lepilemur_aeeclis Red-shouldered Sportive Lemur DD

Lepilemur_ankaranensis Ankarana Sportive Lemur DD

Lepilemur_dorsalis gray-backed sportive lemur Polygynous

Lepilemur_edwardsi Milne-Edwards's sportive lemurMonogamous

Lepilemur_leucopus white-footed sportive lemurPolygynous

Lepilemur_microdon Small-toothed sportive lemurPolygynous

Lepilemur_mitsinjoensis Mitsinjo sportive lemur DD

Lepilemur_mustelinus Weasel lemur, Sportive lemurPolygynous

Lepilemur_randrianasoli Randrianasoli's sportive lemur DD

Lepilemur_ruficaudatus red-tailed sportive lemur Monogamous

Lepilemur_sahamalazensis Sahamalaza sportive lemur DD

Lepilemur_seali Seal's sportive lemur DD

Lepilemur_septentrionalis northern sportive lemur Polygynous

Microcebus_berthae Madame Berthe's mouse lemurPolygynandrous

Microcebus_bongolavensis Bongolava mouse lemur DD

Microcebus_danfossi Danfoss' mouse lemur DD

Microcebus_griseorufus reddish-gray mouse lemur DD

Microcebus_jollyae Jolly's mouse lemur DD



Microcebus_lehilahytsara Goodman's mouse lemur DD

Microcebus_lokobensis Lokobe mouse lemur DD

Microcebus_mittermeieri Mittermeier's mouse lemur DD

Microcebus_murinus gray mouse lemur Polygynandrous

Microcebus_myoxinus Pygmy mouse lemur Polygynandrous

Microcebus_ravelobensis golden-brown mouse lemurPolygynandrous

Microcebus_rufus Brown mouse lemur Polygynandrous

Microcebus_sambiranensis Sambirano mouse lemur DD

Microcebus_simmonsi Simmons' mouse lemur DD

Microcebus_tavaratra Northern Rufous mouse lemur DD

Mirza_coquereli Coquerel's dwarf lemur Polygynandrous

Propithecus_coquereli Coquerel's sifaka Polygynandrous

Propithecus_diadema Diadem sifaka Polygynandrous/Monogamous

Propithecus_edwardsi Milne-Edwards sifaka Polygynandrous

Propithecus_tattersalli Golden-crowned sifaka Polygynandrous

Propithecus_verreauxi_verreauxiVerreaux's sifaka Polygynandrous

Varecia_rubra Red ruffed lemur Polygynandrous/Monogamous

Varecia_variegata_variegata Ruffed lemur Polygynandrous/Monogamous

Loridae Arctocebus_aureus Golden Potto/angwantibo Polygynous

Arctocebus_calabarensis Angwantibo, Calabar Potto Polygynous

Loris_lydekkerianus_malabaricusMalabar gray slender lorisPolygynandrous

Loris_tardigradus Slender loris Polygynandrous/Monogamous

Loris_tardigradus_nordicus Slender loris Polygynandrous

Nycticebus_coucang Slow loris Polygynous

Nycticebus_pygmaeus Pygmy slow loris Polygynous

Perodicticus_potto Western Potto Polygynous

Galagonidae Euoticus_elegantulus Western needle-clawed bushbabyPolygynandrous

Galago_alleni Allen's bushbaby Polygynous

Galago_gallarum Somali galago Polygynandrous

Galago_moholi Southern lesser bushbaby Polygynandrous

Galago_senegalensis Northern lesser bushbabyPolygynandrous

Galagoides_demidoff Demidoff's galago Polygynous/Monogamous

Galagoides_zanzibaricus Zanibar bushbaby Polygynous/Monogamous

Otolemur_crassicaudatus thick-tailed bush baby Polygynandrous

Otolemur_garnettii small-eared galago Polygynandrous

Tarsiidae Tarsius_bancanus Western tarsier Polygynous/Monogamous

Tarsius_syrichta Philippine tarsier Polygynous/Monogamous

Pitheciidae Callicebus_donacophilus White-eared/ Bolivian Titi Monogamous

Callicebus_moloch Dusky titi Monogamous

Cebidae Aotus_azarai Southern night monkey Monogamous

Aotus_infulatus Kuhl's Owl Monkey Monogamous

Aotus_lemurinus_griseimembra Lemurine Owl Monkey Monogamous

Aotus_nancymaae Peruvian Red-necked Owl MonkeyMonogamous

Aotus_trivirgatus Northern night monkey Monogamous

Callimico_goeldii Goeldi's marmoset Polygynous/Monogamous

Callithrix_argentata Silvery bare-ear marmosetPolygynous/Monogamous

Callithrix_aurita Buffy-tufted-ear marmosetPolygynous/Monogamous

Callithrix_emiliae Snethlage's MarmosetPolygynous/Monogamous

Callithrix_geoffroyi Geoffroy's tufted-ear marmosetPolyandrous/Monogamous

Callithrix_humeralifera Tassel-ear marmosetPolygynous/Monogamous



Callithrix_jacchus Common marmoset Polyandrous/Monogamous

Callithrix_kuhli Wied's black-tufted-ear marmosetPolygynous/Monogamous

Callithrix_penicillata Black-tufted-ear marmosetPolygynous/Monogamous

Callithrix_pygmaea Pygmy marmoset Monogamous

Cebus_albifrons Brown pale-fronted capuchinPolygynandrous

Cebus_apella Black-capped capuchin Polygynandrous

Cebus_capucinus White-throated capuchin Polygynandrous

Leontopithecus_chrysomelas Golden-headed lion tamarinPolygynous/Monogamous

Leontopithecus_chrysopygus Golden-rumped lion tamarinMonogamous

Leontopithecus_rosalia Golden lion tamarin Polygynous/Monogamous

Saguinus_fuscicollis brown-headed tamarinPolgynous/Polyandrous/Monogamous

Saguinus_geoffroyi Geoffroy's tamarin Polygynous/Monogamous

Saguinus_imperator tamarin Polgynous/Polyandrous/Monogamous

Saguinus_midas Red-handed tamarin Monogamous

Saguinus_oedipus Cotton-top tamarinPolygynandrous/Monogamous

Saimiri_boliviensis_boliviensis Bolivian squirrel monkey Polygynandrous

Saimiri_oerstedii Red backed squirrel monkeyPolygynandrous

Saimiri_sciureus Common squirrel monkeyPolygynandrous

Atelidae Alouatta_caraya Black howler Polygynous/Polygynandrous

Alouatta_palliata Mantled howler Polygynous/Polygynandrous

Alouatta_pigra Guatemalan howlerPolygynous/Polygynandrous

Alouatta_sara Bolivian red HowlerPolygynous/Polygynandrous

Alouatta_seniculus Red howler Polygynous/Polygynandrous

Ateles_belzebuth Long-haired spider monkeyPolygynandrous

Ateles_fusciceps Brown spider monkey Polygynandrous

Ateles_geoffroyi Black-handed spider monkeyPolygynandrous

Ateles_geoffroyi_panamensis Panama spider monkey Polygynandrous

Ateles_geoffroyi_vellerosus Mexican spider monkey Polygynandrous

Ateles_geoffroyi_yucatanensis Yucatan spider monkey Polygynandrous

Ateles_paniscus Black spider monkey Polygynandrous

Brachyteles_arachnoides Southern muriqui/woolly spider monkeyPolygynandrous

Lagothrix_lagotricha Common woolly monkey Polygynandrous

Cercopithecini Allenopithecus_nigroviridis Allen's swamp monkey Polygynandrous

Cercopithecus_ascanius Schmidt's guenon or redtail monkeyPolygynous

Cercopithecus_campbelli_lowei Campbell's monkey Polygynous

Cercopithecus_cephus moustached guenon Polygynous

Cercopithecus_cephus_cephus moustached guenon Polygynous

Cercopithecus_cephus_ngottoensisNgotto guenon Polygynous

Cercopithecus_diana Diana monkey Polygynous

Cercopithecus_erythrogaster_erythrogasterRed bellied monkey Polygynous

Cercopithecus_erythrotis red-eared guenon Polygynous

Cercopithecus_hamlyni Owl-faced monkey Polygynous

Cercopithecus_lhoesti L'Hoest's monkey Polygynous

Cercopithecus_mitis Blue monkey Polygynous

Cercopithecus_mona Mona monkey Polygynous

Cercopithecus_neglectus De Brazza's Monkey Polygynous/Monogamous

Cercopithecus_nictitans Greater white-nosed monkeyPolygynous

Cercopithecus_petaurista Lesser white-nosed monkey Polygynous

Cercopithecus_preussi Preuss's monkey Polygynous

Cercopithecus_solatus Sun-tailed monkey Polygynous



Cercopithecus_wolfi Wolf's monkey Polygynous

Chlorocebus_aethiops African green monkey Polygynandrous

Chlorocebus_pygerythrus Vervet monkey Polygynandrous

Chlorocebus_sabaeus green monkey Polygynandrous

Chlorocebus_tantalus Tantalus monkey Polygynandrous

Erythrocebus_patas Patas monkey Polygynous

Miopithecus_talapoin Talapoin Polygynandrous

Papionini Cercocebus_agilis Agile mangabey Polygynandrous

Cercocebus_galeritus Tana river mangabey Polygynandrous

Cercocebus_torquatus Red-capped/White-collared mangabeyPolygynandrous

Cercocebus_torquatus_atys Sooty mangabey Polygynandrous

Lophocebus_albigena White-cheeked mangabeyPolygynous/Polygynandrous

Lophocebus_aterrimus black mangabey Polygynous/Polygynandrous

Macaca_arctoides Stump-tailed macaque Polygynandrous

Macaca_assamensis Assam macaque Polygynandrous

Macaca_brunnescens Muna-Buton Macaque Polygynandrous

Macaca_cyclopis Taiwanese macaque Polygynandrous

Macaca_fascicularis Crab-eating macaque Polygynandrous

Macaca_fuscata Japanese macaque Polygynandrous

Macaca_hecki Heck's Macaque Polygynandrous

Macaca_leonina Northern pig-tailed macaquePolygynandrous

Macaca_maura Moor macaque Polygynandrous

Macaca_mulatta Rhesus macaque Polygynandrous

Macaca_nemestrina Pig-tailed macaque Polygynandrous

Macaca_nemestrina_leonina Northern pig-tailed macaquePolygynandrous

Macaca_nemestrina_nemestrinaSouthern pig-tailed macaquePolygynandrous

Macaca_nemestrina_siberu Siberut/pig-tailed macaquePolygynandrous

Macaca_nigra Celebes crested macaque Polygynandrous

Macaca_nigrescens Gorontalo macaque/Dumoga-bone macaquePolygynandrous

Macaca_ochreata Booted macaque Polygynandrous

Macaca_pagensis Mentawai macaque Polygynandrous

Macaca_radiata Bonnet macaque Polygynandrous

Macaca_silenus Liontail macaque Polygynandrous

Macaca_sinica Toque macaque Polygynandrous

Macaca_sylvanus Barbary macaque Polygynandrous

Macaca_thibetana Tibetan stump-tailed macaquePolygynandrous

Macaca_tonkeana Tonkean macaque Polygynandrous

Mandrillus_leucophaeus Drill Polygynandrous

Mandrillus_sphinx Mandrill Polygynandrous

Papio_anubis Olive baboon Polygynandrous

Papio_cynocephalus Yellow baboon Polygynandrous

Papio_hamadryas Hamadryas baboon Polygynous

Papio_papio Guinea baboon Polygynandrous

Papio_ursinus Chacma baboon Polygynandrous

Rungwecebus_kipunji Kipunji Polygynandrous

Theropithecus_gelada Gelada baboon Polygynous

Colobinae Colobus_angolensis Angolan colobus Polygynandrous

Colobus_guereza Guereza (Eastern black and white)Polygynous

Colobus_polykomos Kings colobus (Western black and white)Polygynandrous

Nasalis_larvatus Proboscis monkey Polygynous



Piliocolobus_badius Red colobus Polygynandrous

Presbytis_melalophos Banded leaf monkeyPolygynous/Polygynandrous

Pygathrix_nemaeus Douc langur Polygynous/Polygynandrous

Rhinopithecus_avunculus Tonkin snub-nosed monkey Polygynous

Rhinopithecus_bieti Black snub-nosed monkey Polygynous

Rhinopithecus_brelichi Gray snub-nosed monkey Polygynous

Rhinopithecus_roxellana Golden-snub nosed monkey Polygynous

Semnopithecus_entellus Hanuman Langur Polygynous/Polygynandrous

Trachypithecus_auratus Javan langur Polygynous

Trachypithecus_cristatus Silvered leaf monkey Polygynous

Trachypithecus_francoisi Francois leaf monkey Polygynous

Trachypithecus_johnii Nilgiri langur Polygynous

Trachypithecus_obscurus Dusky leaf monkey Polygynous

Trachypithecus_phayrei Phayre's leaf monkey Polygynous

Trachypithecus_pileatus Capped leaf monkey Polygynous

Trachypithecus_poliocephalus white-headed langur Polygynous

Hominoidea Bunopithecus_hoolock Hoolock gibbon Monogamous

Gorilla_gorilla_gorilla Western lowland Gorilla Polygynous

Homo_sapiens Human Polygynous/Monogamous

Hylobates_agilis Agile gibbon Monogamous

Hylobates_klossii Kloss's gibbon Monogamous

Hylobates_lar Common/white-handed gibbonMonogamous

Hylobates_moloch Javan gibbon Monogamous

Hylobates_muelleri Muller's gibbon Monogamous

Hylobates_pileatus Pileated gibbon Monogamous

Nomascus_concolor Black Crested Gibbon Monogamous

Nomascus_gabriellae Yellow-cheeked Gibbon Monogamous

Nomascus_leucogenys Northern White-cheeked GibbonMonogamous

Pan_paniscus Bonobo Polygynandrous

Pan_troglodytes_schweinfurthii Eastern Chimpanzee Polygynandrous

Pan_troglodytes_troglodytes Central Chimpanzee Polygynandrous

Pan_troglodytes_verus Western Chimpanzee Polygynandrous

Pongo_abelii Sumatran Orang-utan Polygynandrous

Pongo_pygmaeus_pygmaeus West Bornean Orang-utanPolygynandrous

Symphalangus_syndactylus Siamang Monogamous

Note: DD is data deficient. For infanticide <20 publications defined as DD.
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