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Observability in dynamic evolutionary models
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Abstract

In the paper observability problems are considered in basic dynamic evolutionary models for sexual and asexual populations.
Observability means that from the (partial) knowledge of certain phenotypic characteristics the whole evolutionary process can
be uniquely recovered. Sufficient conditions are given to guarantee observability for both sexual and asexual populations near
an evolutionarily stable state.
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1. Introduction

The static concept of an evolutionarily stable state
(ESS) was introduced byMaynard Smith and Price
(1973) to describe the terminal state of phenotypic
evolution of an asexual population. ESS is a state of
the population in which no rare mutant phenotype can
propagate via natural selection. (A formal definition of
ESS in terms of the pay-off matrix of the evolutionary
game is recalled inSection 3.)

Taylor and Jonker (1978)proposed a dynamic evo-
lutionary model (evolutionary game dynamics, repli-
cator dynamics) and proved (see also Zeeman, 1979;
Hofbauer and Sigmund, 1988) that ESS is an asymp-
totically stable equilibrium for this dynamics.

Later, the notion of evolutionary stability was ex-
tended to sexual populations defining the correspond-
ing dynamic model, the so-called strategic model of vi-
ability selection, where in a diploid model the state of
the population is described in terms of allele frequen-
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cies, and at the phenotypic level an evolutionary game
models the selection process. (SeeCressman et al.,
1996, 2003; Garay and Varga, 1998; Garay, 2003.)

In the above dynamic models, an important quali-
tative property, asymptotic stability (in particular the
convergence to the evolutionarily stable state) was
proved. Further important qualitative properties of
these models can be explored applying concepts and
methods of mathematical systems theory. This disci-
pline was developed to deal with problems of system
engineering (seeKalman et al., 1969). Its applica-
tion to dynamic selection models was initiated by
Varga (1989). In his paper controllability of Fisher’s
selection model was considered. In biological terms
the main result was the following: If a population
is subject to natural selection, certain perturbation
changes the state of the population from a polymor-
phic equilibrium to a nearby state, then under generic
conditions on the fitness matrix the population can be
controlled by artificial selection into this equilibrium
in given time. Recently, inScarelli and Varga (2002)
these results have been extended to selection-mutation
processes.
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