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Appendix B

Notes on the analogy with
Statistical Mechanics in
Physics
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B. ANALOGY WITH PHYSICS

The max-entropic school of statistical mechanics maintains the
view that the ensembles in statistical physics show a distribution of
energy levels that follows from maximization of entropy. This has been
taken as a fundamental principle. However, it is clear that maximiza-
tion of entropy under constant energy is equivalent as minimization of
energy under constant entropy, and they simply conform two differ-
ent but equivalent and consistent representations of thermodynamics.
This is true because a set of known variables of states is uniquely
defined by a microscopic distribution. The statistical mechanics for-
mulations had their origins in physics, but the theoretical structure
described by these methods (microcanonical, canonical, grand canon-
ical, etc.) have been not only applied to several fields, but proven
general for markovian stochastic processes.

Our main concern in this paper, the evolution of quantitative char-
acters under distinct evolutionary forces, has been studied from a
max-entropic point of view. This is not the first time that a statistical-
mechanics-like approach has been used in the evolutionary context.
As mentioned before, we root our ideas in the previous work of PBRS;
all of these works, took the statistical mechanics analogy too literal,
without taking care of important biological details. Also similar ap-
proaches were taken by Iwasa (1988); Kondrashov and Turelli (1992);
Barton and Shpak (2000).

Prior distribution, and non equipartition Perhaps the most criti-
cal issue, is the choice of the prior distribution. In the hypergeomet-
ric model (Kondrashov and Turelli, 1992; Doebeli, 1996a; Shpak and
Kondrashov, 1999; Barton and Shpak, 2000), as in PBRS’s models,
the averages of the ensembles are taken with a uniform weight for
any allelic configurations resulting in the same phenotype. Comparing
the distribution obtained form the stationary Wright-Fisher model (Eq.
3.1) with the max-entropic distribution (Eq. 3.6) it becomes clear that
microscopic states are dependent not only on the value of the trait, but
also on the microscopic distribution of the alleles. Therefore, there is
no reason to assume that the states are equiprobable. Depending on
the selective scheme that is acting over the population, the likelihood
of a microstate might also depend on other macroscopic quantities,
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Figure B.1: If we were to assume equipartition (an uniform base distribution
φ = const. there would be discrepancies in (A-C) the distribution of allele fre-
quencies at each locus (Nβ = 0.5), (D-F) the expectations of the trait, and (G-I)
the expectation of the genetic variance. In general the discrepancies are less as
N/µ is farther from the point Nµ = 1/4. (A,D,G) Nµ = 0.25, (B,E,H) Nµ = 0.5,
(C,F,I) Nµ = 2.

such as the genetic variance, the variance of the trait, the genetic vari-
ability, or other observables. Hence in the entropy measure (Eq. 3.2),
the density of states does not reduce to the number of states, as it
would be dictated by a uniform distribution, but rather, favour states
that in the absence of selection, would result in fixation. In Fig. B.1
we compare the value of the mean trait and genetic variance to the
hypothetical case of equipartition of the phase space. Clearly there are
deviations from our results, showing the importance of choosing the
correct prior distribution.
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B. ANALOGY WITH PHYSICS

Intensive and extensive variables Thermodynamics distinguishes
between extensive and intensive variables. The formers are those de-
pendent on the amount of matter of the system (total energy, volume,
entropy, etc.), and the latters are independent from them (like temper-
ature, pressure, specific heat, etc.). In an extensive system the macro-
scopic quantities are proportional to the number of particles. The ex-
tensiveness in quantitative genetics is given by the number of loci m
that are contributing to z. Two physical systems A and B with mass
M and energy E are equivalent to one system of mass 2M and energy
2E: volume would be doubled, and entropy would be SA+B = SA + SB.
This is true also in quantitative genetics, where we have that 〈z̄〉 and
〈U〉 are sums over loci, as well as other quantities like genetic vari-
ance 〈νz〉, etc. Doubling the number of loci would double the value of
macroscopic variables (if effects are equal; otherwise the extensiveness
still applyes to the corresponding effect at each quantity).

Intensive variables, on the other hand, are those that define the
constrains of the macrostates. These are selection intensity, mutation
rate and population size N . Their value cannot depend on the num-
ber of loci. This is a distinction that must be handled with care in
our methodology for quanitative genetics; 1/2N is analogous to tem-
perature kT (k is Boltzmann’ s constant) in physics, in the sense that
both reflect the amount of stochastic effects at the micro-level. High
temperature indicates strong stochasticity in physical particles. In
population genetics, a low number of individual selected by drift show
high stochastic fluctuations from generation to generation. Both kT

and 1/2N result from constraints on the macroscopic systems. But of
course, N is itself a quantity that can be confused as extensive. In our
problem it has to be regarded as an externally fixed intensive quan-
tity. Actually, the analogy between (the inverse of) temperature and
population size reflect the analogous phenomenon: temperature is a
measure of the degree of molecular fluctuations, just as population
size is a measure of the intensity of drift.

Another aspect that must be clarified in the analogy is about the
entities that conform the system. The simplest microscopic system in
physics is the ideal monoatomic gas. It consists of a closed reservoir of
a big number if independent (not interacting) particles. These particles
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are physical entities. The analogy to QG is more abstract. The obvious
or natural guess would be that the biologically independent entities
are individuals, each having a genetic system of m loci contributing to
its phenotype. Our calculations employ a more extravagant definition
of what our biological ‘particles’ are. We consider the average value of
each of the m loci across the N individuals as the atomic units. There-
fore non-interacting physical particles are analogous to the situation of
having infinite recombination and no epistasis, and therefore linkage
equilibrium.

Still, the theory of statistical mechanics is robust to the assump-
tion of independency of the particles in the ideal gas, for example. The
structure of the theory holds even when interactions are strong (maybe
an exception is low temperature physics). Similarly, our calculations
are valid with arbitrary degrees of recombination and epistasis. A for-
mal treatment for the former was introduced by Prugel - Bennet (2001).
Of course the mathematical simplicity goes hand in hand with the in-
dependency assumptions, and therefore they are the cornerstone to
the understanding of how a static macroscopic world is built from a
continously changing microscopic universe.

295






