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R. A. FISHER AND THE ORIGINS OF RANDOM DRIFT

In his 1922 paper, ‘On the Dominance Ratio,’ R. A. Fisher introduced the 
mathematical treatment of (what would ultimately be called) random genetic 
drift to the emerging field of theoretical population genetics. The received 
historical narrative of the origins of theoretical population genetics, largely 
due to William Provine, focuses on Sewall Wright’s emphasis on drift’s 
role in evolution and his disagreement with Fisher, who believed drift to 
be evolutionarily insignificant. This paper examines Fisher’s argument for 
the evolutionary insignificance of drift. The standard view portrays Fisher 
as coming to the conclusion that drift has little to no evolutionary role 
because of an assumption about large population size. As I will argue, 
Fisher’s argument is subtler than that. Ultimately, the aim of this paper 
is to establish what are, arguably, Fisher’s landmark contributions to the 
modeling of drift in evolution.

Introduction

In finite populations, the variation in the number of offspring between individuals may result 
in random fluctuations in allele frequencies. This is the phenomenon of ‘random genetic 

drift,’ or, more economically, ‘drift.’ Drift affects the chances of survival of a mutant allele in 
a population. It also reduces a population’s genetic variation.

Sewall Wright, along with R. A. Fisher and J. B. S. Haldane, one of the architects of theoretical 
population genetics and the evolutionary synthesis more broadly, is credited with the most 
thorough development of drift as an evolutionary factor. Indeed, the phrase ‘random drift’ comes 
from Wright’s 1931 landmark paper, ‘Evolution in Mendelian Populations.’ Notwithstanding 
Wright’s obvious contributions to the development of the concept and mathematical modeling 
of drift, it was R. A. Fisher who, in 1922, was the first to explore mathematically the evolutionary 
consequences of drift in a Mendelian population.

Famously, Fisher and Wright became mired in controversy over, among other things, the relative 
evolutionary significance of drift. Fisher’s view was that drift is evolutionarily insignificant; 
Wright’s view was that drift is one of several key evolutionary factors. But Fisher’s and 
Wright’s disagreements over drift are not the topic of this paper. Here, I will explore Fisher’s 
early examinations of drift, or as he variously puts it, random survival, steady decay, or the 
‘Hagedoorn effect,’ and his theoretical argument that it is an insignificant evolutionary force. 
I focus on the period between 1922 and 1930, in which Fisher sets out his synthesis of 
Darwinism and Mendelism.

I argue, mainly, that Fisher’s argument for the evolutionary insignificance of drift is not the 
argument that has been attributed to him, sometimes subtly, sometimes not so subtly, by 
historians and philosophers of biology (e.g. Gayon, 1998; Provine, 1971, 1986; Turner, 
1987). The standard line is that Fisher thought that because populations are very large, drift 
is evolutionarily insignificant. I think the standard view gets Fisher’s argument backwards. 
Indeed, my view is that he thought that treating populations as if they were very large was 
reasonable because the balance of evolutionary factors maintaining genetic variation in a 
population, including drift, is such that the effects of population size (and structure) are 
negligible.
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Getting Fisher right is important because commentators, including historians, philosophers, 
and biologists, have thought that his assumption that populations are very large is not sensible 
and, in fact, is at odds with his own recognition that populations are not actually on the order 
of ‘the total population of the planet,’ the population size he uses for theoretical purposes 
(Fisher correspondence to Wright in 1929; in Provine, 1986).

1918-1922

The usual historical discussion of Fisher’s views on drift, and more generally on Darwinian 
evolution in Mendelian populations, starts with his 1922 paper, ‘On the Dominance Ratio.’  

Yet, that paper is not Fisher’s first published ‘synthetic’ consideration of drift. His first such 
consideration is in his paper, ‘Darwinian Evolution of Mutations,’ (Fisher, 1922a) published 
earlier in 1922 than ‘On the Dominance Ratio’ (Fisher, 1992b) and in fact written and 
received by early 1921. Interestingly, one does not find Fisher’s familiar line that effects of 
‘random survival’ on the genetic variation of a population are evolutionarily insignificant.¹

In ‘Darwinian Evolution of Mutations,’ Fisher divides the history of the survival of a new 
mutant allele into two periods, the first of which concerns the survival of the mutant due to 
chance; the second concerns the mutant’s survival due to the advantages or disadvantages 
the allele confers upon its carrier in the struggle for existence.  In this context, Fisher goes 
on to say that ‘[i]f those individuals which contain the new gene are found on the average 
of the chances of life, and on the average of the genetic natures with which it is combined, 
to be at a disadvantage in the struggle for existence, then the number of the mutant form 
will gradually diminish, with large fluctuations due to chance’ (Fisher, 1922a, pp. 33-4, 
emphasis added).

I can identify no argument, quantitative or otherwise, to justify the claim.  And interestingly, 
what little mathematics there is in the paper corresponds directly to that of the later paper, 
‘On the Dominance Ratio.’ In ‘Darwinian Evolution of Mutations,’ Fisher sets up a framework 
of functional equations that he claims enables him to compute the probability that the new 
mutant will survive. And he claims that this framework is specifically for use in the first period 
of the history of the survival of a new mutant, that is, the period concerning the survival of 
the allele due to chance.  This is exactly the same mathematical framework that Fisher uses 
in ‘On the Dominance Ratio.’  In the earlier paper he does not carry out the mathematics and 
in the later paper he does.  And he comes to a different conclusion, namely that fluctuations 
in allele frequency due to chance are negligible in their effect.

In ‘On the Dominance Ratio,’ Fisher discusses, as he says, ‘the distribution of the frequency 
ratio of the allelomorphs of dimorphic factors, and the conditions under which the variance of 
the population may be maintained’ (1922b, p. 322). He sees this paper as following on the 
heels of his 1918 paper, ‘The Correlation between Relatives on the Supposition of Mendelian 
Inheritance.’ In broad brush strokes, what I take this to mean is that where the 1918 paper 
defended the principles of Mendelian heredity against the criticisms of the biometricians 
(and in fact showed the two schemes to be compatible), the (later) 1922 paper continues 
by defending Darwinism using the principles of Mendelian heredity.  Specific to ‘On the 
Dominance Ratio,’ Fisher’s aim was to respond to a set of criticisms aimed at demonstrating 
that Darwinian natural selection cannot be the correct explanation of the maintenance of 
genetic variation in populations because the genetics of populations are such that there is not 
enough variation available for selection to act on. Indeed, Fisher addresses three key issues 
concerning factors affecting the genetic variation of populations: (1) the steady state without 
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mutation and natural selection (drift), (2) equilibrium with mutations but without selection, 
and (3) the equilibrium distribution for mutations having very small selective effects.  We 
are concerned here with the steady state, or Fisher’s response to A. L. and A. C. Hagedoorn’s 
(1921) claims that random survival is an important cause of the reduction of genetic variation 
in natural populations; what Fisher (1922b, p. 323) calls the ‘Hagedoorn effect.’

As I remarked previously, Fisher carries his framework of functional equations from ‘Darwinian 
Evolution of Mutations’ to ‘On the Dominance Ratio.’ But now his mathematics is much richer.  
In particular, Fisher determines two key quantities for the situation in which a population is 
under the influence only of the steady decay of heterozygosity, i.e., the Hagedoorn effect.  The 
first quantity describes the time course in generations of the Hagedoorn effect; the second 
describes the ‘half-life’ in generations of the effect. Fisher determined the time course to be 
the 4N, where N is population size, and the ‘half-life’ to be 2.8N (Fisher, 1922b, p. 330). 
This means that the Hagedoorn effect requires, in generations, the product of four and the 
population size to reduce the genetic variation in the population to the point that all alleles 
are identical by descent. The ‘half-way’ point is reached in 2.8N generations.

Fisher used these quantities to ‘weight’ the significance of the effect of steady decay; the 
longer the time course, the weaker the effect. Given that the time course of the Hagedoorn 
effect depends on the population size, the larger the population, the weaker, or less significant, 
the effect.  Simple inspection shows that as population size increases over 104, the time 
course becomes considerable. Indeed, Fisher says, ‘[a]s few groups contain less than 10,000 
individuals between whom interbreeding takes place, the period required for the action of the 
Hagedoorn effect, in the entire absence of mutation, is immense’ (1922b, p. 330).

It is a mistake to think that Fisher’s specific argument for the evolutionary insignificance of 
the Hagedoorn effect is made from a commitment to large populations. Indeed, you cannot 
get large populations out of the critique, unless you think populations on the order of 104 
are very large. To be sure, Fisher’s claim to the rarity of populations with fewer than 10,000 
individuals is somewhat tantalizing, but it is not absurd on its face and, moreover, does not 
commit him to large populations. Thus, if he does commit himself to large populations in 
‘On the Dominance Ratio,’ he must do so elsewhere in the paper.  But I do not think that he 
does.

Recall that Fisher considers himself to be responding to a set of criticisms aimed at 
demonstrating that Darwinian natural selection cannot be the correct explanation of the 
maintenance of genetic variation in populations because the genetics of populations are such 
that there is not enough variation available for selection to act on. We have considered Fisher’s 
rejection of one of those critiques – the Hagedoorn effect. In the surrounding arguments that 
Fisher sets out, he makes it clear that he is aware that as population size decreases, alleles 
may become extinct due to chance faster than mutation can replenish them. He also makes 
it clear that he is aware that as population size increases, mutation adds more variation 
than random survival can remove. These insights are what is behind Fisher’s reflection of 
Darwin when he (Fisher) says, ‘a numerous species, with the same frequency of mutation, will 
maintain a higher variability than will a less numerous species: in connection with this fact 
we cannot fail to remember the dictum of Charles Darwin, that “wide-ranging, much diffused 
and common species vary most”’ (Fisher, 1922b, p. 324).

Ultimately, Fisher claims that ‘very infrequent mutation will serve to counterbalance the effect 
of random survival’ (Fisher, 1922b, p. 340). But that is in the context of his consideration of 
mutation and random survival when there is no selection.  When there is selection, he thinks 
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‘a much higher level’ of mutation is needed.  But none of this adds up to a commitment 
that natural populations must be very large. To be sure, there is reason to think that Fisher’s 
arguments here add up to the view it is well-known that he had, which is that larger populations 
have more evolutionary potential (because they carry more variability). But again, that does not 
commit him to the view that natural populations are very large.  Overall, there is no evidence 
in ‘On the Dominance Ratio’ that should convince us that Fisher thought that random survival 
is evolutionarily insignificant because he thought that populations are very large. Rather, his 
conclusions regarding population size are driven by his consideration of the balance of factors 
maintaining genetic variation.

I want now to leave Fisher’s 1922 work on drift, or as he called it, the Hagedoorn effect, 
steady decay, or random survival. I think there is nothing in his ‘On the Dominance Ratio’ 
that commits him to large populations. But maybe that is not a strong claim even if some 
(e.g. John Turner, 1987) seem to think that he does have that commitment in 1922.  As it 
happens, it is later, in 1929 and 1930, that Fisher makes claims that may more plausibly 
lead us to the conclusion that he thinks random survival is evolutionarily insignificant because 
he thinks populations are very large. But before we move on, I want to go back and address 
the dissonance between Fisher’s arguments regarding random survival in ‘On the Dominance 
Ratio’ and those in his earlier paper, ‘Darwinian Evolution of Mutations.’ Unfortunately (for 
me), I cannot say much of substance at the moment about why in the earlier paper he seems 
to suggest a significant role for random survival and then in the later paper pushes hard on 
the claim that in fact the role is insignificant. But I can make the following speculation: In 
‘On the Dominance Ratio,’ Fisher was responding to the 1921 Hagedoorn book, which gets no 
mention in ‘Darwinian Evolution of Mutations.’ Perhaps that is because he had finished and 
sent away the latter in early 1921, prior to seeing the book. If that is correct, then perhaps 
his reading of the Hagedoorn book spurred him to think more critically about the evolutionary 
significance of random survival in ‘On the Dominance Ratio.’  But that is just speculation. So 
let us move on.

1922-1930

It is well-known that in 1929 Wright, in correspondence, corrected Fisher’s computation of 
the two time course quantities I discussed above. Fisher’s quantities were twice too high, 

due to an error in his mathematics. So, the correct time course for steady decay to reduce the 
genetic variation in a population by half, or the ‘half-life,’ is 1.4N measured in generations, 
and the full time course is 2N.  With the same correspondence, Wright included a draft of 
what would be his 1931 paper, ‘Evolution in Mendelian Populations,’ which articulated his 
own views of the importance of ‘random drift’ in evolution. For Wright, the global population 
is subdivided into ‘demes’ and semi-isolated so that random drift may create genetic variation 
for selection, in various modes, to act on.

Fisher’s response to Wright’s letter makes no mention of Wright’s request for clarification 
about the discrepancy between his own and Fisher’s time course quantities. Neither does it 
mention random drift.  But it does mention the population size.  Fisher says,

I am not sure that I agree with you [in the ‘Evolution’ paper] as to the magnitude 
of the population number N. To reduce it to the number in a district requires 
that there shall be no diffusions even over the number of generations considered. 
For the relevant purpose I believe N must usually be the total population on the 
planet, enumerated at sexual maturity, and at the minimum of the annual or other 
periodic fluctuation.
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Here is a clear statement made by Fisher about population size. He thinks the correct 
assumption to make is that population size is the ‘total population on the planet.’  And 
his reason, expressed here at least, concerns what he takes to be the implausibility of the 
degree of isolation between subpopulations that Wright requires. Indeed, Fisher thought that 
subpopulations isolated in the way Wright theorized they were would likely drive them to 
extinction. It was more reasonable to Fisher that there would be sufficient (yet minimal) 
migration between subpopulations that would, for all practical purposes, unify them into a 
single population. And if that is correct, then his theoretical assumption that population size 
is the ‘total population on the planet’ was, practically speaking, sound: a point that worried 
Wright considerably at the time.

What is important to keep in mind here concerns, again, the main claim of this paper. Fisher’s 
assumption that populations are, for theoretical purposes, on the order of the ‘total population 
on the planet’ did not drive his view that random drift was evolutionarily insignificant. Rather, 
his population size assumption was motivated by considerations regarding the balance of 
factors that maintains genetic variation in natural populations, including mutation, drift, 
migration, and selection.

In Fisher’s 1930 paper, ‘The Distribution of Gene Ratios for Rare Mutations,’ he makes a full 
accounting of the error in the time course quantities pointed out by Wright. He acknowledges 
Wright’s corrections in a friendly manner, and re-explores with extraordinary precision the 
same three issues concerning factors affecting the genetic variation of populations that he 
did in ‘On the Dominance Ratio’ in 1922: (1) the steady state without mutation and natural 
selection (drift), (2) equilibrium with mutations but without selection, and (3) the equilibrium 
distribution for mutations having very small selective effects. Fisher’s conclusions in the 1930 
paper are no different from those in his (later) 1922 paper. Indeed, regarding the Hagedoorn 
effect, technically directly affected by his error in 1922, he says, ‘Both periods [both sets of 
time course quantities in his 1922 and 1930 papers] are in most species so enormous that 
they lead to the same conclusion, namely, that random survival, while of great importance 
in conditioning the fate of an individual mutant gene, is a totally unimportant factor in the 
balance of forces by which the actual variability of species is determined’ (Fisher, 1930a, p. 
205).

Given that the arguments and conclusions of the 1930 paper are the same as those of the 
1922 paper, only more precisely mathematically supported, it stands to reason that the same 
claims regarding population size that I am convinced are implied by the arguments in the 
1922 paper are implied by the 1930 paper. In spite of the fact that Fisher’s time course 
quantities were doubly wrong in 1922, he was not forced to change much. So, for instance, 
when he said in 1922 (p. 330) that ‘[a]s few groups contain less than 10,000 individuals 
between whom interbreeding takes place, the period required for the action of the Hagedoorn 
effect, in the entire absence of mutation, is immense,’ he must only change ‘10,000’ to 
‘20,000.’ This seems hardly a significant change. Ultimately, the 1930 paper is the 1922 
paper redressed in response to Wright’s corrections.

When we finally arrive at Fisher’s 1930 book, The Genetical Theory of Natural Selection 
(Fisher, 1930b), it is apparent that the treatment of drift is taken directly from the 1930 
paper. But more generally, the argument strategy Fisher used in 1918, 1922 and earlier in 
1930 of defending the principles of Mendelian heredity and defending Darwinism under the 
rubric of Mendelian heredity, is carried through. His aim in The Genetical Theory is to establish 
particulate inheritance against the blending theory and then demonstrate how plausibly 
Darwinian natural selection may maintain genetic variation in Mendelian populations. The 
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argumentative theme remains the same and, so, my conclusions about what Fisher thought 
was the relationship between drift and population size are preserved.

Conclusion

What I have attempted to do in this essay is argue for the claim that Fisher thought that 
treating populations as if they were very large was reasonable because the balance of 

evolutionary factors maintaining genetic variation in a population, including drift, is such 
that the effects of population size (and structure) are negligible. This claim is an alternative 
to the standard view, a view most clearly expressed by William Provine (1971, 1986), that 
Fisher thought drift is evolutionarily insignificant because he thought that populations were 
very large.

My argument has been, essentially, that Fisher argued from the bottom up, from evolutionary 
factors to the large scale properties of populations, rather than from the top down. Understanding 
his overall argument strategy that, among other things, the variation upon which Darwinian 
natural selection can act is not depleted by blending inheritance (as he does masterfully in 
The Genetical Theory), nor by random drift (as he does in ‘On the Dominance Ratio’), makes 
manifest Fisher’s bottom up approach.  Moreover, it makes sense of a favorite and sometimes 
puzzling analogy Fisher first deploys in 1918 and again in 1922 and 1930. That is the 
comparison of his approach to evolutionary theory to the kinetic theory of gases, ‘in which 
it is possible to make the most varied assumptions as to the accidental circumstances, and 
even the essential nature of the individual molecules, and yet to develop the general laws 
as to the behavior of gases, leaving but a few fundamental constants to be determined by 
experiment’ (Fisher, 1922b, pp. 321-2). Just as Fisher did not start with gross assumptions 
about the structure of populations, he did not start with the gas theory analogy.  He arrived 
at each piecemeal.
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Notes

¹ Thanks to Roberta Millstein for pointing me to this paper.
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