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Mathematical expression of inclusive fitness theory
Joe Yuichiro Wakano (Meiji University)

Abstract: Recent developments have revealed that, by means of the inclusive
fitness theory, the direction of evolution can be analytically predicted in a
wider class of models than previously thought, such as those models dealing
with network structure. However, understanding the inclusive fitness theory
requires a deep intuition and hence mathematically explicit expression of the
theory is required. We provide a general framework based on a Markov chain
that can implement basic models of inclusive fitness. We show that key
concepts of the theory, such as fitness, relatedness and inclusive fitness, are all
derived from the probability distribution of an "offspring-to-parent map" in a
straightforward manner. We prove theorems showing that inclusive fitness
provides a correct prediction on which of two competing genes more
frequently appears in the long run in the Markov chain. As an application of
the theorems, we prove a general formula of the optimal dispersal rate in
Wright's is land model. We also show the existence of the critical mutation
rate, that does not depend on the number of islands, below which a positive
dispersal rate evolves.

*This talk is prepared for the audience who are not familiar with inclusive
fitness.
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