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Summary. We introduce a simple model describ-
ing the evolution of a pepulation of information-
carrying macromolecules. We discuss the asymp-
totic dependence of the variability of the population
on different parameters, representing the severity or
the fluctuations of the environment, We show the
existence of a transition scparaling a neutralist evo-
lutionary regime [rom a trapped one. We investigate
the dependence of the ¢volutionary behavior of the
population on the correlation properties of the fit-
ness landscape.
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1. Introduction

We introduce and discuss in this paper a simple
model of ¢volution at the molecular level. Our aim
is {0 clarify the 1ssues involved in some of the recent
approaches 1o chemical evolution, and in particular
1o the emergence of information-carrying macro-
molecules. The only mechanisms envisaged are mu-
tation and selection; mutation is taken to be com-
pletely random, whereas selection operates according
to the fitness value of the individual. Fitness de-
pends on the individual alone, who competes, as it
wore, against an immutable environment. “Struggle
for lfe” is only indircetly embodied in a fixed pop-
ulation consiraint. The medel is investigated by
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qualitative and analvtic arguments and by computer
stmulations.

The original motivation was to undersiand the
long-time behavior of models introduced to explain
the origin of biclogical information (Anderson 1983;
Tsallis and Ferreira 1983 Rokhsar et al. 1986; see
also Peliti 1989). We find nevertheless that our at-
temipt can be interpreted within a slightly wider
scope. Whercas the model is explicitly defined under
strict simplifying assumptions to make its treatment
feasible, we belicve that most features of ils behavier
are common 1o a class of models that share its fun-
damental architecture: namely, the ¢cxistence of point
mutations exclusively, and the dependence of fitness
on the nature of the single individual. The features
we believe to be common 1o all such models are:

1) the survival, in the long run, of a single molecular
quasi-speeies; this prevents, within the assump-
tions ol the model, the eventual coexistence of
distinct molecular species; and

ii) the existence of either neutralist (Kimura 1983)
or adaptive regimes, according to the values of
the parameters entering the definition of the
maodel,

Some other features might also be valuable: the de-
pendence of the average fitness of the population on
a paramcter defining the sloppiness (Dyson 1985)
of the sclection mechanism; and the transition from
a wandering (neutralist) to a trapped evolution re-
gime, corresponding guite closcly to a gelation tran-
sition in models of disordercd systems (Mézard et
al. 1987). A key role is played in our approach by
the concept of the correlation of a fitness landscape,
whose importance has been emphasized by Kauff-
man and Levin (1987) and Kauffman (1988). We
shall sketch the consequences of a varying fitness
correlation on the behavior of the model.

As we have mentioncd, we mainly conceive as







































