Evolutionary Dynamics
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The Intellectual Foundations are simple,
The Orbit of influence is wide...



Evolutionary Stoichiometry
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Evolutionary Stoichiometry
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Evolutionary Stoichiometry
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Evolutionary Stoichiometry
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Evolutionary Stoichiometry
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Replicator Equation
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N genomes

g = gi(ri — f)
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Evolutionary Game Theory:
Frequency dependent Replicator Equation
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N genomes

9i = 9i(ri(g) — f)

where f = Zn(g)gi and ¢;; =1



Evolutionary Game Theory:
Frequency dependent Replicator Equation
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Payoft Matrix P = |p;;]

with linear payoffs:
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Evolutionary Game Theory:
Frequency dependent Replicator Equation
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Stable Equilibria of Replicator Eq.
and Nash Equilibria

Mathematica Demo



Mutation & Sequence Space



























Replicator-Mutator Equation
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Curious Implications.....
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The evolutionary
future

The evolutionary
past




Max n subject to preserving g: in the locally
stable equilibrium distribution




The evolutionary
future
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The QVOIU'l'ionClry 1 mutation per genome

f 1_ per generation
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Testing the Prediction:
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Prokaryotic life
evolves on the
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Evolutionary dynamics in microbes is extracting adaptive information
at the maximum possible velocity




Selection as Statistical Inference
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Selection as Learning:
(Imitation & Operant)



Biological Complexity is the mechanical/inferential support
for making more accurate hypotheses
about an expanding number of environmental regularities

But Evolutionary Light Speed Constrains the Maximum Rate of Inference




Introducing Phenotypes and
hierarchical selection:
deriving the
Price Equation

E[p] = Cov(r,p) + E[p

Insights from Page, Sigmund & others
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The Price Equation



Uses of Price Equation

Fisher’s fundamental theorem
Kin selection (Hamilton’s rule)
Group selection

Evolution of cooperation






Evolutionary Game Adaptive Dynamics
for Continuous Traits

Pairwise invasibility plot Classification scheme
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Conclusions |.

Simple stoichiometry allows us to derive many of the fundamental, equations
of evolutionary dynamics

How genomes change in frequency as a result of frequency-dependence,
density dependence and mutation.

These equations provide insights into how total genomic information is
constrained by mutation rates - Eigen law

Allow us to study game dynamics in an evolutionary and ecological
framework

Through AD & Price Eq. provide the basis for many current studies on
cooperation, kin & group selection, microbial dynamics and cultural/language
evolution.
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