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Prior to 1970, most of the mathematical theory of evolution had been based on sim-
plifying assumptions, resulting in models of the evolutionary process that were
intended as (useful) approximations. In the late 1960s and early 1970s, George
Price was taking a very different approach and thinking about the definition and
very nature of selection in much more general terms [1]. As part of this project,
Price published two papers [2,3] containing mathematical analyses of evolutionary
change, with enduring influence in evolutionary theory. The first of these articles
[2], barely exceeding one page in length, presented what is now known as the
Price equation, a simple and exact description of evolutionary change in a popu-
lation over a single generation. Although Price [2] derived his equation for the
change in allele frequency, he emphasized that this was just one application of ‘a
new mathematical treatment of selection in general’.

With slight alteration in notation compared to Price [2], his equation can be
written as

wAg = cov(w,g) + E[wAg], (1.1)

where w is individual fitness, g is the frequency of the allele within an individual,
overbars denote population averages and Ag denotes deviation in allele frequency
between parent and offspring. The first term on the right-hand side is the covari-
ance, over all individuals in the population, between fitness and genotype, while
the second term is a fitness-weighted average of the parent—offspring deviations.
Thus, the equation decomposes the total change in allele frequency over a gener-
ation, Ag, into two components, corresponding to natural selection and
transmission bias, respectively. Note that if ¢ were defined instead as a pheno-
typic value, then equation (I) would describe the change in mean phenotype
over a generation. A derivation and introductory overview of equation (1.1) is
presented by Gardner in this issue [4].

What makes the Price equation so general is its descriptive and almost
retrospective nature, as well as its freedom from the simplifying assumptions of
most evolutionary models. The equation is derived by assuming that we know
the character value (e.g. genotype or phenotype) and offspring number of each
parent, and the average character value of the set of offspring of each parent. The
equation then yields an exact mathematical description of the evolutionary
change between the parent and offspring populations, that holds true quite
generally, and it expresses that change as the sum of two components which have
natural biological interpretations. The ‘covariance’ component measures the
strength of natural selection on g, while the ‘expectation’ component captures
the change that arises from transmission, e.g. because of mutation or non-
Mendelian inheritance. There is no assumption of a direct causal relationship
between parental character value g and fitness w. However, to transition from the
exact Price equation to a less abstract model, we can substitute a specific model of
the genotype-phenotype—fitness relationship into the equation (e.g. [5]).

One highly valued property of the Price equation is its great versatility, appar-
ent from the breadth of topics covered in this issue of Philosophical Transactions B.
Perhaps the first to see the importance of the Price equation was William Hamilton,
who soon used the equation in a rederivation of central results in kin selection
theory [6]. Kin selection and social evolution theory remain central applications
of the Price equation, where the equation provides a general and unifying basis
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for alternative theoretical approaches [7]. Indeed Rice [8] shows
how the Price equation can be made still more general, by deriv-
ing, without simplifying assumptions, a stochastic version of
the equation in which fitness and offspring phenotype are trea-
ted as random variables rather than fixed quantities, with
interesting applications to multivariate evolution.

Itis rarely (if ever) the case that the Price equation is the only
possible tool for getting the job done, but because the Price
equation rests on minimal assumptions, it can be applied to an
almost unlimited range of questions, and so helps to unify and
connect different branches of evolutionary theory. Applications
in this issue include relatively abstract topics such as the nature
of selection and adaptation at the genic level [9], the concept of
reproductive value [10] and the link between evolution and
information theory [11]; more applied topics such as evolution-
ary epidemiology [12], human cultural evolution [13], the
evolution of multicellularity [14] and non-genetic inheritance
[15]; and empirically oriented topics such as animal breeding
[16] and selection in wild populations [17].

The generality of the Price equation and its assumption-free
nature lend it great flexibility, but also entail certain limitations.
Whether these limitations are real drawbacks or simply inherent
properties of this type of general theory will depend on one’s
perspective. The Price equation is a statistical summary of evol-
utionary change, and it is widely acknowledged that statistical
relations do not necessarily imply or directly map onto causal
relations. So, caution is required when making claims about
causality based solely on the Price equation. Okasha and
Otsuka [18] argue that the components of the Price equation
have a clear causal meaning only when interpreted in the context
of an explicit causal model, and that further assumptions are
needed in order to separate the roles of selection and trans-
mission as causes of evolutionary change. Similarly, Van

Veelen [19] argues that extra assumptions are needed for mean-
ingful interpretation of the Price equation, and, furthermore,
that failure to recognize limitations of the Price equation has
been damaging to the field of social evolution.

George Price was an unusual character in the history of evol-
utionary biology. He was trained as a chemist, and even worked
on the Manhattan project [20-22], taking up evolutionary
biology in his forties at the Galton Laboratories in London. He
published few papers in his new profession, but they had a last-
ing influence. Besides the Price equation, he had a central role in
bringing the methods of game theory to the study of animal
behaviour [23]. Evolutionary game theory was to become a fun-
damental aspect of theoretical evolutionary biology during the
next decade [24]. Price also contributed to our understanding
of Fisher’s fundamental (but elusive in its meaning) theorem of
natural selection [25]. He had started to sketch an outline of a
general theory of selection, which he saw as analogous to
the birth of information theory [26]. However, this work was
published posthumously two decades after Price’s death [1].

Sadly, Price did not live to see how important his work
would become. In his last years, he converted to evangelical
Christianity, gave up research in biology and turned instead
to biblical scholarship. He took altruism to an extreme and
began helping the homeless of London, ending up penniless
and destitute. George Price was found dead in January 1975,
having taken his own life, but his legacy lives on.
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