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The ‘‘Machiavellian intelligence’’ hypothesis (or the ‘‘social brain’’
hypothesis) posits that large brains and distinctive cognitive abil-
ities of humans have evolved via intense social competition in
which social competitors developed increasingly sophisticated
‘‘Machiavellian’’ strategies as a means to achieve higher social and
reproductive success. Here we build a mathematical model aiming
to explore this hypothesis. In the model, genes control brains
which invent and learn strategies (memes) which are used by
males to gain advantage in competition for mates. We show that
the dynamics of intelligence has three distinct phases. During the
dormant phase only newly invented memes are present in the
population. During the cognitive explosion phase the population’s
meme count and the learning ability, cerebral capacity (controlling
the number of different memes that the brain can learn and use),
and Machiavellian fitness of individuals increase in a runaway
fashion. During the saturation phase natural selection resulting
from the costs of having large brains checks further increases in
cognitive abilities. Overall, our results suggest that the mecha-
nisms underlying the ‘‘Machiavellian intelligence’’ hypothesis can
indeed result in the evolution of significant cognitive abilities on
the time scale of 10 to 20 thousand generations. We show that
cerebral capacity evolves faster and to a larger degree than
learning ability. Our model suggests that there may be a tendency
toward a reduction in cognitive abilities (driven by the costs of
having a large brain) as the reproductive advantage of having a
large brain decreases and the exposure to memes increases in
modern societies.

There are many features that make us a ‘‘uniquely unique
species’’ but the most crucial of them are related to the size

and complexity of our brain (1–3). The brain size in Homo
sapiens increased in a runaway fashion over a period of a couple
hundred thousand years, but then stabilized or even slightly
declined in the last 35–50 thousand years (1, 2, 4). In humans, the
brain is very expensive metabolically: it represents �2% of the
body’s weight but utilizes �20% of total body metabolism at rest
(5). The two burning questions are what factors drove the
evolution of brain size and why our ancestors 50,000 years ago
needed the brains they had. A number of potential answers have
been hotly debated focusing on the effects of climatic (6),
ecological (7), and social factors. One controversial set of ideas
(1–3, 8–14) coming under the rubric of the ‘‘Machiavellian
intelligence’’ or ‘‘social brain’’ hypothesis identifies selective
forces resulting from social competitive interactions as the most
important factor in the evolution of hominids, who at some point
in the past became an ecologically dominant species (10, 14).
These forces selected for more and more effective strategies of
achieving social success (including deception, manipulation,
alliance formation, exploitation of the expertise of others, etc.)
and for ability to learn and use them. The social success
translated into reproductive success (15–17) selecting for larger
and more complex brains. Once a tool for inventing, learning,
and using these strategies (i.e., a complex brain) is in place, it can
be used for a variety of other purposes including coping with
environmental, ecological, technological, linguistic, and other
challenges.

Although these ideas are by now well appreciated by many,
and some components of the general scenario are supported by
data (18–21), verbal arguments and generalization from limited

data alone are not enough to establish their general plausibility
and predict the relevant time scales and expected dynamic
patterns. Here we attempt to shed some light on these questions
using a stochastic individual-based explicit–genetic model.

Model
We consider a sexual diploid population, and focus on socially
learned strategies (memes) used by males to gain advantage in
competition for mates. As a first step, we neglect analogous
processes in females (both for simplicity and because sexual
selection in females is expected to be much less intense than in
males). Genes control the learning ability a and cerebral capacity
c of the brain, which in turn control how easily a brain learns new
strategies (memes) and how many memes a brain can host,
respectively. Both a and c are treated as additive quantitative
characters. That is, each trait value is found by summing up the
contributions of the corresponding alleles and then normalizing
the result. Learning ability a is normalized to be between 0 and
1, and cerebral capacity c is normalized to be between 0 and a
positive integer cmax. The loci controlling the two traits are
independent, unlinked, diallelic, and have equal effects. Both
traits are viewed to be directly related to brain size and com-
plexity and are assumed to be under direct viability selection
toward 0. This selection reflects costs (e.g., energetic or due to
increased death at childbirth) of having large brains. Note that
setting the optimum values at 0 does not mean that having no
brain at all is optimum but rather reflects a scale chosen.
Individuals surviving to adulthood experience density-
dependent mortality maintaining the population size close to a
carrying capacity K.

Memes are invented and forgotten by individuals at small
constant rates. Each meme is characterized by its Machiavellian
fitness � and complexity � (0 � �, � � 1). The former
contributes to a male’s fitness in between-male competitive
interactions, whereas the latter defines how easily the meme can
be learned. The correlation � between � and � in newly invented
memes is positive reflecting the idea that more advantageous
memes are, generally, more complex and more difficult to learn.
The rate of learning a meme is directly proportional to learning
ability a, inversely proportional to the meme’s complexity �, and
declines with the ratio n�c where n is the number of memes
already learned by the brain.

The Machiavellian fitness m of a male is given by the sum of
Machiavellian fitnesses of the memes he has learned; this
implies that fitness increases with the number of memes
learned. The probability that a contest between two males is
won by a specific male is given by an S-shaped function of the
corresponding difference in their Machiavellian fitnesses. The
male’s mating rate increases with the average proportion of
contests won. The strength of sexual selection in males is
characterized by a parameter fmax measuring the number of
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