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Abstract

Two most influential models of evolutionary game theory are the Hawk-Dove
and Prisoner’s dilemma models. The Hawk-Dove model explains evolution of
aggressiveness, predicting individuals should be aggressive when the cost of
fighting is lower than its benefit. As the cost of aggressiveness increases and
outweighs benefits, aggressiveness in the population should decrease. Similarly,
the Prisoner’s dilemma models evolution of cooperation. It predicts that indi-
viduals should never cooperate despite cooperation leading to a higher collective
fitness than defection. The question is then what are the conditions under which
cooperation evolves? These classic matrix games, which are based on pair-wise
interactions between two opponents with player payoffs given in matrix form,
do not consider the effect that conflict duration has on payoffs. However, in-
teractions between different strategies often take different amounts of time. In
this article, we develop a new approach to an old idea that opportunity costs
lost while engaged in an interaction affect individual fitness. When applied to
the Hawk-Dove and Prisoner’s dilemma, our theory that incorporates general
interaction times leads to qualitatively different predictions. In particular, not
all individuals will behave as Hawks when fighting cost is lower than benefit,
and cooperation will evolve in the Prisoner’s dilemma.
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1. Introduction11

Most classic evolutionary games (e.g., the Hawk-Dove game (Maynard Smith,12

1974) or the Prisoner’s Dilemma (Poundstone, 1992)) assume an infinite pop-13

ulation where individuals play pairwise games. The outcome of these games14

is described by a payoff matrix that allows to calculate the Nash equilibrium15

(NE), or an Evolutionarily Stable Strategy (ESS). The standard assumptions16

for these games neglect two important components. First, they neglect the op-17

portunity cost of time lost while an individual is engaged in an interaction with18
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