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Cooperation is one of the fundamental pillars on which today’s society is based. Nevertheless,
conflicts are present in every aspect of human life and arise from group-living and competition
for resources. Generally, these conflicts lead to dominance-subordination relationships called
hierarchies. Cooperation is understood as the collective effort made by a group of individuals—
whether being people or animals—to achieve a common goal [1]. Societies organize in a hierar-
chy when some individuals have preferential access to specific resources. These hierarchies exist
in both large systems, from world politics [2] to news coverage [3], as well as in smaller systems
such as faculty hiring networks [4] and healthcare professionals [5]. Furthermore, hierarchies
are not exclusive to humans but are also present in many social animals [6], where the most
common observed structure is a linear hierarchy [7].

Yet, the specific mechanisms that produce and maintain hierarchies remain unclear. Two
main hypotheses have been proposed: i) they are due to intrinsic attributes of the individ-
uals; ii) they are due to the social interaction dynamics [8]. Some pioneering mathematical
models [9] suggest that dominance orders could simply result from a self-organizing process:
winners increase their probability of winning, and losers reinforce theirs of losing. Additionally,
some agent-based models [10] show that the double reinforcement mechanism may cause an
egalitarian society to transform into a hierarchical one when the intensity of conflicts increases.

The relationship between hierarchies and cooperation is an open and important problem,
since some initial experimental evidence suggests that steep hierarchies lead to low cooperation
[11] and that less steep hierarchies can preserve it [12]. Other theoretical analyses show that
high-ranked individuals can act seemingly altruistically in between-group conflicts [13]. Conse-
quently, an open question remains: how can large-scale cooperative societies arise if a strong,
detrimental-for-cooperation hierarchical structure is present?

To address this question, we created an agent-based model and tested it within behavioral
experiments that shed us some insights on how humans behave under these circumstances [14,
15]. The model [14] represents early human groups characterized by their egalitarian societies,
combining the ideas of conflicts—through fighting over resources obtained from collective action
problems—and then feeding back the results into a hierarchical structure where social norm
internalization increases the cooperation level.

To test the hypotheses inferred from the model, we developed three experimental treatments
resembling our setup from [14]. Each individual begins with the same rank that represents
her position within the group (egalitarian society). At each experimental round, individuals
participate in two subsequent stages. In the first stage, individuals choose to cooperate or not
with their group-mates in a collective action problem—a classic public goods game—to obtain
a resource. In the second stage, individuals have the opportunity to fight another paired group-
mate over the resources obtained in the previous stage. Individuals can choose if they want
to fight the other, randomly chosen individual, from whom they can see her rank and if she
cooperated in the current round. From these conflicts, a winner and a loser arise: the higher
the rank, the more probable it is to win. Consequently, the winner increases her rank while
the loser decreases it. Treatments considered different group sizes n (base, n = 8; small, n = 8;
and big, n = 16) and different information provided to the participants: the ranking had no
influence in the base model, and it was not shown.



In our model [14], a hierarchy can arise in a cooperative society, which contrasts with the
experimental observation in [11] that hierarchies might be detrimental for cooperation. How-
ever, this insight is consistent with the fact that cooperation is compatible with societies where
rankings exist [16]. The difference with previous models can be the key feature for the co-
existence of hierarchy and cooperation: the dynamic character of the former. By changing
positions in the hierarchy, cooperative behavior changes depending on the subjects’ ranking.
Another model feature is the internalization of a norm favoring cooperation, where the model
aligns with recent work [17] showing that societies developed in regions where agriculture, i.e.,
solving the collective action problem, was practiced for longer, had more time for norms to
emerge while conflicts were more intense, thus creating a stronger selection pressure.

In our behavioral experiments, we observed that individuals occupying high positions within
the hierarchy choose to fight more frequently than their counterparts in the bottom, see Fig. 1a.
They use their position to engage more often in fights and win them. Surprisingly, they also
cooperate more than the individuals in the lower part of the hierarchy see Fig. 1b. Finally,
analyzing fighting frequencies separated by behavior, we notice that individuals are biased: they
choose to fight more often against defectors, see Fig. 2. Therefore, we recognize an intrinsic
feeling of justice where those who do not contribute to a collective action are punished more
frequently through the conflict.
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Figure 1. Experimental results by individual ranks. When a hierarchy is
present, more conflicts are observed. High-ranked individuals choose to
fight (a) and cooperate (b) more often than low-ranked ones.

Figure 2. Experimental results by individual behavior. On average, defec-
tors are chosen to be fought more often when a hierarchy is in act.
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