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The evolutionary emergence of the egalitarian syndrome is one of
themost intriguingunsolvedpuzzles related to theoriginsofmodern
humans. Standard explanations and models for cooperation and
altruism—reciprocity, kin and group selection, and punishment—
are not directly applicable to the emergence of egalitarian behav-
ior in hierarchically organized groups that characterized the social
life of our ancestors. Here I study an evolutionary model of group-
living individuals competing for resources and reproductive suc-
cess. In the model, the differences in fighting abilities lead to the
emergence of hierarchies where stronger individuals take away
resources from weaker individuals and, as a result, have higher
reproductive success. First, I show that the logic of within-group
competition implies under rather general conditions that each in-
dividual benefits if the transfer of the resource from a weaker
group member to a stronger one is prevented. This effect is espe-
cially strong in small groups. Then I demonstrate that this effect
can result in the evolution of a particular, genetically controlled psy-
chology causing individuals to interfere in abully–victim conflict on the
side of the victim. A necessary condition is a high efficiency of coali-
tions in conflicts against the bullies. The egalitarian drive leads to
a dramatic reduction in within-group inequality. Simultaneously it
creates the conditions for the emergence of inequity aversion,
empathy, compassion, and egalitarian moral values via the in-
ternalization of behavioral rules imposed by natural selection. It
also promotes widespread cooperation via coalition formation.

despotic | hawk–dove | bystander

Humans exhibit a strong egalitarian syndrome, i.e., the complex
of cognitive perspectives, ethical principles, social norms, and

individual and collective attitudes promoting equality (1–9). The
universality of egalitarianism in mobile hunter-gatherers suggests
that it is an ancient, evolved human pattern (2, 5, 6). Political
egalitarianism of contemporary foragers is accomplished by a va-
riety of cultural practices (leveling mechanisms) aiming at con-
trolling overassertive, dominant, or very successful individuals who
might wish to monopolize resources (3–5, 10). Although con-
scious, intentional choice of leveling behaviors can explain how
egalitarianism is sustained (3–6), the question of how those cog-
nitive andmotivational processes evolved in the first place remains
open (11).
In group-living organisms with strong social hierarchies, high-

rank individuals get more and better resources than low-rank
individuals (12). Although under certain conditions both monkeys
and apes demonstrate some respect for ownership (13, 14), the
dominant individuals can take food and other resources from
subordinates especially if the value of the contested item is high, it
can be easily taken over, and the owner’s rank is low (13, 15, 16).
Similar behavior is observed in experiments with young children
(17, 18). In hierarchical groups, resisting high-rank bullies alone is
dangerous and unlikely to be successful. The only feasible way to
successful resistance is via using help of other group members.
Helping behavior is a form of altruism that can evolve by kin or

group selection or if there is reciprocity and/or punishment of
noncooperators (19–21). However, the first three mechanisms
ignore any social role asymmetry, so that help would be as likely

directed toward the bully as toward the victim. The fourth mech-
anism does explicitly account for the social role (e.g., cooperator
or not). However, in primates, policing and punishment are typi-
cally administered by the most dominant individuals (22–24), that
is, by the bullies themselves. Therefore, although it can account for
themaintenance of egalitarian behavior, the role of punishment in
its origin is less clear. Helping behavior and its feasibility, dy-
namics, and patterns are studied by the theory of coalition and
alliance formation (25–28). However, existing models typically
assume that behavioral rules are fixed rather than evolvable (but
see refs. 29 and 30) and that the number of interacting individuals
is small (typically three, but see ref. 27) and do not consider ex-
plicitly the social role (e.g., bully or victim). Here I expand the
theory of coalitions and alliances to study the evolutionary origins
of egalitarian tendencies in a despotic society. Rather than fo-
cusing on a small number of fixed strategies (e.g., cooperate, de-
fect, punish, etc), I study the evolution of genetically controlled
situation-dependent behavioral rules used by individuals for
making different decisions. This approach both accounts for the
differences in individual personalities (31) and simultaneously
describes how individual psychology (32) evolves by selection.

Models and Results
Owner–Bully Interactions. I start by considering agonistic dyadic
interactions within a group of n individuals ranked according to
their strengths s1 > s2 . . . > sn. I assume that during their lifetime
individuals come into possession of certain resource items of value
b. Whenever one individual (referred to as “owner”) finds an item,
another one (referred to as “bully”) may try to take it from the
owner. These interactions can be described by a hawk–dove-type
game (33) with two strategies: “display” (i.e., do not fight over the
resource) and “escalate”. If the bully does not escalate, the owner
keeps the item. If the bully escalates, the owner may give up
without fighting. If both the owner and the bully escalate, a fight
occurs. Whoever wins the fight, gets the resource item. I allow for
differences in fighting costs between the winner (cw) and the loser
(cl). I assume that the probability of winning a fight is an increasing
S-shaped function of the ratio of the strengths of the two oppo-
nents and use a parameter σv to scale the steepness of this func-
tion. During the lifetime, each individual finds himself on average
K times in each role (e.g., owner or bully). The overall amount of
the resource accumulated, Ri, defines the reproductive success wi

(e.g., the proportion of the group’s offspring fathered by the in-
dividual) according to a generalization of the Tullock contest
success function,
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f ðRiÞP
jf
�
Rj
�; [1]

where f(R) is a monotonically increasing function and the sum is
taken over all competitors. In the standard Tullock contest suc-
cess function, which is extensively used in economics (34, 35) and
evolutionary biology (36–40) and which I use in the simulations
below, f(R) = Rβ. Parameter β measures the contest intensity:
With β = 0 everybody gets an equal share; β = ∞ describes the
“winner takes all” case.
I am interested in the situations when fights are rather costly

relative to the benefit contested. In this case, if individuals have
complete information about the conflict, the classical theory of
evolutionarily stable strategies in asymmetric conflicts (33, 41)
predicts that the conflicts will usually be settled without the actual
fight but according to the ownership and/or strength asymmetry.
With large differences in strengths, the stronger individual will
escalate while the weaker one will display. With small differences
in strengths, both the payoff-relevant (i.e., strength) and payoff-
irrelevant (i.e., ownership) asymmetries can be used to settle the
conflict without an actual fight (33).
Assuming that individuals have complete information is obviously

unrealistic. I assume that individual decisions to escalate are made
using imperfect information and a simple heuristic rule: Escalate if
the perceived ratio of the opponent’s and one’s own strengths is
smaller than a certain threshold. The larger the threshold, the more
aggressive is the individual. The strengths are estimated with an
error the magnitude of which is scaled by parameter σe. The esca-
lation thresholds are different for the two roles (e.g., owner and
bully) and are controlled genetically. Specifically I assume two un-
linked additive diploid loci (with a continuum of alleles), one of
which controls the average aggressiveness x (i.e., the average of the
escalation thresholds for the two roles) and the other the ownership
effect y (i.e., the ratio between the escalation thresholds in the roles
of the owner and the bully). Trait x corresponds to the confidence
trait in ref. 42. I assume that the escalation threshold in the role of
the owner is not smaller than that in the role of the bully (e.g., be-
cause of a preexisting loss-aversion syndrome) (43) so that trait y≥ 1.
What kind of “evolutionary psychology” will evolve in this sys-

tem? I used numerical simulations describing a large number of
groups each with nmales and n females. Generations are discrete
and nonoverlapping. Each female produces exactly one male and
one female offspring; female offspring disperse randomly whereas
male offspring stay in their natal groups. The results show that
individuals evolve reduced aggressiveness so that the population
average x < 1 and the average ownership effect is small (i.e., y is
close to 1). This behavior is expected (33, 42). The escalation
threshold equal to one means that the decision to escalate is based
exclusively on the estimated probability of win. However, besides
the probability of win, the corresponding costs and benefits are
also important. With high benefits and low costs, increased ag-
gressiveness (or overconfidence in terminology of ref. 42) will
maximize the expected payoff. In contrast, with high costs as as-
sumed here a reduced aggressiveness is expected so that each in-
dividual escalates only if he estimates that he is sufficiently
stronger than the opponent. Increasing the conflict intensity (β) or
the evaluation error (σe) makes individuals more aggressive
whereas increasing group size (n) or costs (cw and cl) has opposite
effects. The dominance structure emerging in such a population
corresponds to a linear rank-resource relationship with weaker
individuals usually giving up their resources without fighting. The
inequality in resources results in strong inequality in reproductive
success (Fig. S1). Describing the situations when only a few males
fathermost of the group offspring (as happens in chimpanzees and
other species living in hierarchically organized groups) (23, 44–47)
requires one to assume that β is sufficiently larger than 1 (e.g., in

the range 2–4) so that f(R) grows faster than linearly with R. For
the rest of the paper, I make this assumption.

Egalitarian Drive. In my model, natural selection optimizes in-
dividual behavior in possible dyadic interactions.However, the logic
of competitive coexistence in groups implies that the outcome of
each particular dyadic interaction has fitness consequences for all
other group members (Methods). Specifically if function f(R) grows
faster than linearly, then each cost-free (i.e., peaceful) transfer of
resource from a “poorer” to a “wealthier” individual is detrimental
for everybody else in the group. [If f(R) grows slower than linearly
withR, the effect is reversed and each other groupmember benefits
when a wealthier individual robs a poorer one.] From one’s per-
spective, one wants to maximize the amount of resource owned
(which will increase the numerator of Eq. 1) and at the same time
one wants everybody else to have an equal amount of resources
(which will decrease the numerator of Eq. 1). This unappreciated
feature of competitive coexistence in groups means that each ob-
server of a conflict has an incentive in helping the poorer side (who,
as a rule, is also the weaker). Is the egalitarian drive powerful
enough to have evolutionary consequences, when helping is costly?
To start attacking this question, I next generalize the model.

Owner–Bully–Helper Interactions. I assume that each owner–bully
interaction is observed by a third individual (“bystander”) who
may decide to help the victim. If an owner–helper coalition
forms, its strength is defined as (27) S= nαs, where s is the av-
erage strength of the coalition partners, n = 2 is the coalition
size, and α is a positive parameter. (α = 1 means the coalition
strength is determined additively; α > 1 means there is some
synergy, so that the coalition is stronger than the sum of the
strengths of its members.) This formulation follows the classical
Lanchester laws used to describe military conflicts as well as
conflicts in animals (48–50). The decision to help is based on the
same heuristic rule (i.e., help if the perceived ratio of the
opponent’s and the coalition’s strengths is sufficiently small), but
the corresponding escalation threshold z is controlled by an in-
dependent third locus. In making his decision, the bystander
assumes that the owner will escalate, which, however, is not
guaranteed as the owner’s decision depends on his own escala-
tion threshold and also is probabilistic. The conflict develops in
the following order: First, the bully escalates against a single
victim, then the bystander decides whether or not to help (by
escalating against the bully), and then the bully and the owner
simultaneously decide whether to back down or escalate, re-
spectively, given the bystander’s decision. If the bystander does
not escalate, the situation considered above ensues. The payoffs
for the case when the helper does escalate are shown in Fig. 1.
Note that in the case of a fight, the costs are assumed to be split
equally between the coalition partners and that the helper’s
payoff is never positive.

Fig. 1. The payoffs to the owner, the bully, and the helper in different
situations if the helper escalates.
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I performed a very large number of numerical simulations for
different parameter values and initial conditions. The results show
that under some conditions helping behavior does evolve, resulting
in a significant reduction in within-group inequality (Figs. 2 and 3,
Figs. S2–S7, and Table S1). The most important requirement is
a strong synergy between the strengths of coalition partners in
their effects on the strength of the coalition. Specifically, helping
behavior has minimum phenotypic effects with α= 1 but with α=
3 there can be a two- to threefold decrease in the Gini index of
inequality (defined as half the relative mean difference) (51).
Strong helping is associated with strong ownership effect. The
effects are strongest in smaller groups (small n) with strong pre-
existing hierarchies (large β). The more reliable strength evalua-
tion is (small σe), the more likely helping behavior. The costs of
fighting (cw and cl) have weak negative effects. The groups never
achieve complete equality and their strongest members continue
to have fitness advantages. However, there is a significant re-
duction in the number of successful bullying acts. The changes
happen relatively fast on the timescale of thousands of gen-
erations. The evolved helping psychology can be summarized as
“help if helping is feasible.” The evolved escalation thresholds are
similar for all three roles. Bullies remain opportunistic and are
prevented from bulling only by the active opposition of the helpers.

Discussion
Animals living in a group have common interests such as defense
from predators and acquisition and defense of various resources
(including mating opportunities) from competitors that include
conspecifics. These common interests, however, do not neces-
sarily mean an elimination or a significant reduction of competi-
tion between group members. A variation between individuals in
their fighting abilities (which is always present due to various

environmental, genetic, developmental, and stochastic factors)
implies that some of them can take resources from others by force.
Then natural selection is expected to drive the evolution of
a particular psychology with stronger individuals attempting to
rob weaker individuals with the latter giving up resources without
fighting back. A result is the emergence of group hierarchies in
which resources are appropriated in a very nonequal way with
high-rank bullies usurping a disproportionally large share (12).
The more limited are the subordinates’ options outside the group,
the stronger the expected degree of despotism (52).
Resisting high-rank bullies alone is costly and unlikely to be

successful. However, the same forces that shape the emergence of
highly despotic groups dialectically create conditions for the
evolution of counterdominant coalitionary behavior and psy-
chology (11). As I have shown above, in such groups seeking
personal benefits can lead to a particular other-regarding prefer-
ence: All others should be more equal. A necessary condition for
this preference is that the share of group reproduction obtained by
a high-rank bully grows faster than his share of the group resource
(increasing marginal efficiency). A way to fulfill the preference is
to help the weak against the strong, even at a cost. When every-
body acts to enforce equality among all other members of the
group, a group-level equality develops. In the model studied here,
universal, genetically controlled inequity aversion evolves as a re-
sult of each person promoting beneficial to himself (i.e., self-
centered) equality among all other individuals within the context
of within-group competition. This evolution could have been the
force that drove the egalitarian transition in our lineage. Once the
tendencies for egalitarianism (or pair bonding) (40) are well
grounded in genes, they can be elaborated and augmented by
cultural norms.
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Fig. 2. Evolutionary dynamics and their effects. (A and C) Escalation thresholds in the role of victim (blue), bully (red), and helper (green) on the logarithmic
scale. (Insets) The Gini index of inequality. (B and D) Average fertility of males of different rank. (Insets) The average number of times each individual lost the
resource to a bully (increasing blue curves) and took the resource from an owner (decreasing red curves). Two sets of curves are shown, corresponding to α = 2
(less helping and equality) and α = 3 (more helping and equality). For the first 2,000 generations the helper aggressiveness was fixed at −3 and no evolution of
helping was allowed. The dashed lines in B and D show the corresponding curves at generation 2,000 and solid curves are computed for the final generation.
n = 5 in A and B; n = 15 in C and D. Other parameters: c = 8, β = 4, γ = σe = 0.2, σv = 0.4.
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Was the transition to helping behavior and a more egalitarian
social structure a relatively sudden or a protracted process? This
question is difficult to answer. One can speculate, however, on
the reasons for its onset that also offer some insights on why it
did not happen in other animals. In terms of the model studied,
these reasons could be an increased efficiency of coalitionary
aggression (larger α) and decreased uncertainty in evaluating
fighting skills of group members (smaller σe). Both could have
followed the evolution of better cognitive abilities (53, 54) and
the development of better coordination skills and weapons as
a result of cooperative big-game hunting.
There are several additional factors not considered here that are

expected to promote the effect described. In particular, allowing
for multiple helpers would increase the effectiveness and decrease
the cost of helping. The presence of winner–loser effects (i.e.,
a correlation between past and future performance in fights) (55)
creates additional motivation for helping (because defeating the
bully decreases the chance he will successfully attack the helper in
the future). Differential group fertility (assuming that groups with
fewer internal conflicts will produce more offspring) will accelerate
spreading the genes for helping across the whole population.
A few additional comments are in order. In the mechanism

advanced here, bullying behavior is the reason for the evolution of
helping. However, bullying tendencies remain present; they are
not expressed only because of counterdominant helping. It works
because it explores the concurrence of the interests of many in the
face of the exploitation by a few. The helping benefits are direct
but delayed. In the end, it is pure selfish tendencies that could
drive the emergence of helping behavior, empathy, and moral
values. I was focusing on helping the “poor” against the aggression
of the “wealthy”. However, the general mechanism should operate
any time one individual can facilitate the transfer of resources
from a dominant to a weaker individual. The mechanism studied
here is very powerful in that it does not require relatedness, group
selection, reciprocity, or reputation. It also promotes widespread
cooperation via the formation of coalitions, which in humans oc-
cur at many different levels (ranging from within-family to be-

tween-nation states) and represent the most dominant factor in
social interactions that has shaped human history (56–58).
The origins ofmoral values have intrigued scholars formillennia.

Darwin saw human morality as derived from animal “social
instincts” (59) that transform to a “moral sense or conscience as
soon as . . . intellectual powers become . . . well developed” (ref. 59,
p. 8). In amodern perspective, viewing human conscience as amere
by-product of intelligence is an oversimplification. Boehm (6)
convincingly argues that additional processes and factors such as
moralistic punishment, internalization of culturally enforced
norms, symbolic language and gossiping, and social selection for
altruism and self-restraint applied by groups to its members need to
be considered. That notwithstanding, identifying evolutionary roots
for and the dynamics of genetically controlled egalitarian social
instincts is a necessary step in getting a better understanding of the
origins of a uniquely human sense of right and wrong.

Methods
Egalitarian Drive. Consider the fitness of a focal individual i before (wi) and
after (w′

i) a transfer of δ > 0 units of the resource from individual ω to in-
dividual κ. Using Eq. 1,

wi =
fðxiÞ

fðxωÞ+ fðxκÞ+
P

fðxÞ ;

w′
i =

fðxiÞ
fðxω − δÞ+ fðxκ + δÞ+P

fðxÞ ;

where the sums are over all individuals except for κ and ω. From here, the
transfer decreases the fitness of the focal individual (i.e., w′

i <wi) if

fðxω − δÞ+ fðxκ + δÞ> fðxωÞ+ fðxκÞ;

which can be rearranged as

fðxκ + δÞ− fðxκÞ> fðxωÞ− fðxω − δÞ:

A simple graphical argument (Fig. 4) shows that this inequality is sat-
isfied if f grows faster than linearly with x provided that xκ > xω − δ. The
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fitness loss wi −w′
i is inversely proportional to the group size n. It should

be clear that if f grows slower than linearly, then the focal individual

benefits when resources are transferred from a poorer to a richer
group member.

Numerical Model Implementation. Individual strengths si are chosen ran-
domly and independently from a lognormal distribution with mean and
SD equal to 1. Individual i escalates against opponent j if the ratio sjej/
(siei) is smaller than the escalation threshold in a given role (e.g., owner or
bully). The evaluation errors e are chosen randomly and independently
from a lognormal distribution with mean 1 and standard variance σe.
A similar rule is used for escalating when an individual is a part of or
against a coalition, with an appropriate change in the strength term. It
was convenient to measure the escalation thresholds on a logarithmic
scale and to define the probability of winning by the lognormal cumu-
lative distribution function (of the ratio of the opponents’ strengths) with
mean 0 and SD σv.

Parameters. The following is a list of parameter values varied in simu-
lations: the number of males n = 5, 10, 15; coalition synergy α = 1, 2, 3;
contest intensity β = 2, 3, 4; the average cost (c = (cw + cl)/2) of a fight c = 2,
4, 8; the ratio γ = (cw/cl) of costs for winner and loser γ = 0.1, 0.2, 0.4;
strength evaluation error σe = 0.1, 0.2, 0.4; and contest unpredictability
σv = 0.2, 0.4, 0.8. The average number of interactions in each role K = 50.
The mutation rate per gene per generation was 10−3, and the effects
of mutations were chosen from a normal distribution N (0,0.5). There
were 200 groups. I ran 10 simulations for each of 37 combinations of
parameters.
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SI Text
Fig. S1 illustrates the effects of contest intensity parameter β on
the steepness of dominance hierarchies. Table S1 and Figs. S2–
S7 illustrate the effects of various parameters on different es-

calation thresholds and on the Gini index of inequality. Figs. S2–
S4 are for generation t = 2,000 (i.e., just before the evolution of
helping was allowed) and Figs. S5–S7 are for generation t =
20,000 (when helping has already evolved).
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Fig. S1. The effect of β on the average fertility at each rank after 2,000 generations of selection. The curves correspond to five different values of β = 0.5, 1, 2,
3, and 4 (from shallower to steeper). Other parameters: n = 10, c = 8, α = 3, γ = σe = σv = 0.2. The Gini index of inequality (defined as half the relative mean
difference) was 0.22, 0.36, 0.52, 0.62, and 0.69, respectively. (Inset) The average number of times each individual of a particular rank lost the resource to a bully
(increasing curves) and took the resource from an owner (decreasing curves). No apparent effect of β is shown.
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Fig. S7. Effects of α, β, n, and σe on the helping threshold z at generation 20,000. Other parameters: c = 4, γ = 0.2, σv = 0.4.

Table S1. Percentage of variation in different variables explained by different parameters
(analysis of variance with linear effects only)

Variables

At generation 2,000 At generation 20,000

Parameters x y Gini x y z Gini

n −0.11 −0.18 −0.00 −0.00 −0.08 −0.07 +0.05
β +0.04 +0.01 +0.92 −0.01 +0.06 +0.21 +0.09
c −0.33 −0.18 −0.01 −0.13 −0.02 −0.01 −0.00
γ −0.00 0.00 −0.00 −0.01 +0.00 −0.00 −0.00
α 0.00 0.00 0.00 −0.09 +0.52 +0.02 +0.76
σe −0.02 +0.05 +0.04 −0.00 −0.11 −0.27 −0.04
σv +0.01 +0.03 0.00 +0.01 +0.00 −0.01 −0.00
Error 0.49 0.55 0.03 0.75 0.21 0.42 0.06

The absolute values shown give the percentage of the variation explained by a given parameter. The values
smaller than 0.5% are shown as zeros (even if the corresponding effects are statistically significant). The sign
shows whether increasing the corresponding parameter increases (+) or decreases (−) the corresponding vari-
able statistically significantly. The absence of a sign means the corresponding effect (estimated using linear
regression) is not significantly different from zero (at P = 0.05). x, y, and z are the average aggressiveness, the
ownership effect, and the helping threshold, respectively; “Gini” is the Gini index of inequality.
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