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Dynamics of similar populations
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ABSTRACT

We study the joint population dynamics of similar populations in order to provide a
robust underpinning for adaptive dynamics (AD) theory.

The continuity assumption behind AD is specified in a functional analytic frame-
work. Population state is described by the Schwarcz distribution ν ∈ D′(X ) over the
strategy space X ⊂ Rk. Dynamics is specified via the function r : X × D′(X ) 7→ R;
r(y, ν) giving the growth rate of strategy y when the strategy distribution is ν. We
assume (functional) differentiability of r with respect to its second argument in a
well-defined sense.

We restrict our attention to discrete distributions and assumes that the strategies
in the support of the distribution are similar to each other. Their similarity implies
that the relative dynamics of the populations is slow as compared to, and it is decou-
pled from, their aggregated dynamics. We employ a Taylor expansion in the small
parameter ε scaling the strategy differences. It turns out that the orders of frequency-
dependence (dependence of the growth rates on the relative abundances) are coupled
to the orders in ε. Away from the singular points of the strategy space, the expansion
is dominated by the linear term, which corresponds to frequency-independent selec-
tion and results in directional evolution. Dominance of the second order terms at a
singularity leads to linear frequency dependence, i.e., to a Lotka-Volterra type relative
dynamics. In both cases, outcome of competition is fully constrained by the invasion
fitness. Pattern of coexistence in the vicinity of the singularity can be characterized.
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