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In the absence of mutation or selection, the expected frequency of an allele next generation is just its frequency
this generation: E(p’) = p. In a finite population the actual allele frequency p’ will be higher or lower than p by
a "sampling error" inversely proportional to the population size N, but there is no bias or predictability to the
direction of allele-frequency change, because the average allele-frequency change caused by drift is zero.

Selection is just such a bias, caused by some phenotypic difference determined by the alleles at a locus, that makes
E(p’) different from p. That’s all there is to it/ This idea can be expressed in a general, quantitative form as

E@’) =pWiW), (1)
where W, is the average fitness (relative survival and reproductive success) of A, alleles, and W is the average
fitness of all alleles (both A, and A,). The bias is simply the ratio of these two average fitnesses (W,/W). Thus,
if individuals carrying A; have above-average fitness, then the expected frequency of A, will increase, and if they
have below-average fitness, then it will decrease. Of course drift will also affect the actual gene-frequency change,
but to keep things simple we will first consider populations so large that drift can be ignored. In what follows
we derive equation (1) and some straightforward extensions.

Assume that individuals mate at random with respect to their genotypes at the A locus. Then the relative
frequencies and fitnesses of the three genotypes and the whole population can be represented as follows:

genotype AA AA, ALA,

frequency at conception P’ + 2pg + ¢ = 1
fitness (e.g, survival) Wi, W, W,

population mean (total) fitness W, + 2pqW,, + ¢W,, = W

The mean fitness is, as its name implies, an average over all individuals in the population. But it can also be
thought of as the total survival or reproductive success of the population. Thus the proportion of all the survivors
or offspring contributed by each of the three genotypes will be

genotype AA, AA, AA,

proportion of population’s fitness  p*W,, /W + 2pqW,/W + @W, /W = 1

The frequency of A, at the beginning of the next generation (p’) will be all of the A;A, offspring plus one half
of the A A, offspring. Thus the updating function (recurrence equation) for p can be written as follows:

p’ = PPWyIW + pgW /W = plpWy + qWp,Iw . . @

The expression in square brackets [pW;; + gW,,] is the average fitness of A, alleles, because p of them occur in
A;A; homozygotes (fitness W;;) and g of them occur in A;A, heterozygotes (fitness W;,). If we define this
average ("marginal") fitness of A, alleles as W, then the updating function can be written very simply as:

p = pwaw . 3)

This is equation (1). It says that the gene frequency next generation is just the gene frequency this generation
multiplied by the ratio of the average fitness of A, alleles to the average fitness of all alleles. If the fitness of A;
is below average, then the ratio will be less than 1 and the frequency of A, will decline; if the fitness of A, is
above average, then the ratio will be greater than 1 and its frequency will increase.

The difference in gene frequency between successive generations is

Ap = p’_p = pWI/W-p = p(Wl - W)/W . (4)
The mean fitness of the population (W) is the average (frequency-weighted) fitness of the two alleles, so

W= pW, +qW, . ©)






