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The Price Equation
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What did Price hope for?

• Very general equation of “selection” to provide 
broad insight into all selective processes

• “The mathematics given here applies not only to 
genetical selection but to selection in general. It 
is intended mainly for use in deriving relations 
and constructing theories, and to clarify 
understanding of selection phenomena, rather 
than for numerical calculation.” (Price 1972)

• but here focus on evolutionary genetics

Price Equation
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Change in mean phenotype due 
to selection (=differential 
reproductive success)

Change due to 
transmission bias

Selection with no transmission bias
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w

fitness of 
individual

z

phenotype of 
individual

what is selection? • “The covariance between fitness and character 
value gives the change in the character caused 
by differential productivity.” (Frank 1997)

• Robertson (1966) Cov(w,g) “Robertson’s 
secondary theory of natural selection”, Li 
(1967)
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If trait is fitness
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∆w =Cov(w,w)

=Var(w)

The change in mean fitness depends on variance in fitness. This is 
“Fisher’s fundamental theorem of natural selection”. 

Note that variance in fitness constrains the maximum covariance 
between any trait and fitness and is sometimes called the 
“opportunity for selection” I. 

Transmission with no selection
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if no variation in fitness
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difference between mean “parent” and “offspring”
phenotype due to transmission bias, for example from 
mutation, unfair meiosis, random drift

• “The expectation term is a fitness-weighted 
measure of the change in character value 
between ancestor and descendant – a measure 
of the transmission fidelity of a character 
between parent and offspring.” (Frank 1997)

Expanding to hierarchical levels
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selection between groups 
(i...N)

selection between 
individuals (j....n) within 
group (i...N)

transmission

Importance of different levels of 
selection

constrained by fitness 
variation between groups

constrained by fitness 
variation between 
individuals
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