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Short Abstract — Substantial theoretical population dynam-
ics work has focused on determining which strategy an individ-
ual should follow to maximize its growth rate in a fluctuating
environment. Here we investigate dynamics of a population
that gradually “learns” and adapts its response strategy to an
observed statistics of a changing environment. We observe that
this leads to sublinear corrections to the population growth
rate, which are nearly universal in structure and are equal to
the predictive information in the environment time series,
which in its turn is a characterization of time series complexity.
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I. INTRODUCTION

LIVING organisms experience an ever-changing world,
and their behavioral strategies must be adjusted con-
stantly to track environmental changes and optimize their
fitness, measured by population growth rate. One type of
environments and response strategies that have been under-
stood particularly well is the switch problem, where envi-
ronment switches randomly among discrete states (e.g.,
presence or absence of antibiotics), and organisms respond
by epigenetically selecting one of available phenotypes (e.g.,
persistence or growth), which each have different growth
rates in either environment [1]. It is understood that stochas-
tic phenotype switching realizes a bet-hedging strategy, and
the population growth can be maximized in certain cases
without costly sensory mechanisms by matching phenotypic
switching rates to those of the environment [2-4]. Crucially,
the optimal long-term population growth rate in these prob-
lems is closely related to the amount of information an indi-
vidual has about the environment [2-4]. Unfortunately, the
optimal growth rate and the strategy realizing it depend
strongly on the assumptions made about the statistics of the
environment and the repertoire of possible strategies, which
has hindered experimental validation of the theories.

II. METHODOLOGY

Here we notice that statistics of the environment may
change with time and are generally unknown to an individu-
al (e.g., frequency of antibiotics may depend on slowly
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changing factors). Therefore, one can ask: how quickly will
a population grow, on average, while adapting its response
strategies to a change in statistics of the environment? The
growth rate is limited by the ability to learn the statistics
from observations of the world. Thus we are interested in
how quickly the population will approach its optimal, termi-
nal growth rate.

We consider two scenarios. First, an individual is capable
of adapting its behavioral strategy based on memorized ex-
periences. The population then consists of homogeneous
individuals, each becoming more fit with every generation.
Second, the population may be heterogeneous, and then its
growth rate changes by natural selection amplifying fre-
quencies of more fit individuals. In both cases, as time goes
by, either individuals or the population as a whole “learn”
the statistics of the world more accurately, and the response
strategy approaches the optimal one. Thus the problem re-
duces to estimating the amount of information that the indi-
viduals gain about the environment from observations, and
we calculate the growth rate by techniques of [5].

III. RESULTS AND CONCLUSION

In all cases, we find that the asymptotic behavior of the
population size as a function of time, N(T), averaged over all
possible histories of environments and responses, satisfies:

1nN(T)=AOT—[%1nT+O(T°). Here A, is the optimal

growth rate, which is specific to the problem, and K depends
on (finite) dimensionalities of the spaces of possible envi-
ronmental models and response strategies. In the aforemen-
tioned phenotypic switch problem, where the response strat-
egy is described by one parameter (probability of switching
into one of the two phenotypes), K=1. Unlike the leading
term, the logarithmic correction is sublinear in time, so that
the population eventually reaches its optimal growth rate.
The sublinear term is exactly the predictive information [5]
associated with learning a time series parameterized by K
parameters. This tight relation between population dynam-
ics, learning theory, and information theory is noteworthy
since the sublinear term is largely universal and independent
of specific details of the adaptive mechanism, or of the spe-
cific distribution of the environmental states. Thus it may be
easier to observe experimentally.
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