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BIOMETRiCS 51, 799-809 
September 1995 

XVIIIth Fisher Memorial Lecture 
Delivered at the Natural History Museum, London, 

on Thursday, 20th October, 1994 
Fiducial Inference and the Fundamental Theorem 

of Natural Selection 

A. W. F. Edwards 

Department of Community Medicine, Institute of Public Health, University of 
Cambridge, Forvie, Robinson Way, Cambridge CB2 2SR, United Kingdom 

The International Biometric Society owes much to the initiative of R. A. Fisher, its first President, 
and the Fisher Memorial Trust owes much to the British Region of the Society, which was one of 
the cofounders and which contributes three representatives to the Trust. The other cofounders are 
the Royal Statistical Society and the Genetical Society, each with two representatives, and the 
Royal Society with one. Fisher served as President of each of these Societies except the Royal 
Society, from which he received the Royal Medal, the Darwin Medal, and the Copley Medal. 

It has long been a custom of the Trust to encourage its supporting societies to host Fisher 
Memorial Lectures, but alone amongst them the Biometric Society has not so far been involved. 
Today we repair this omission. I am as grateful to the Society for allowing me to deliver my 
Presidential address in Fisher format as I am to my fellow Trustees for inviting me to deliver the 
XVIIIth Memorial Lecture. 

The Trust exists primarily to promote the Lectures, but, insofar as it has residual resources to do 
so, also to support the application of mathematics to biology. In this connexion I am very happy to 
announce that the Trust has decided to offer the British Region funds to enable it to establish a 
number of travel bursaries to help young members attend the next International Biometrics Con- 
ference due to take place in Amsterdam in 1996. 

If I might be allowed to postpone the difficult subjects of my talk for another few moments-no 
doubt to your relief-I should like also to thank the British Region for inviting me to be its President 
two years ago. The pleasure I derived from this was all the greater because of a coincidence I would 
like to describe. Sixteen years ago I was made a Reader at Cambridge, and was encouraged to 
choose for my title "Mathematical Biology". I was never very happy with it, and as the years went 
by became even less so as the phrase came to be identified with differential-equation biology. So I 
had the title changed to "Biometry", influenced partly by the name of the Society but also by the 
fact that the two distinguished university posts in Britain which had used the title-the Readership 
in Biometry at Oxford held years ago by N. T. J. Bailey and the Weldon Professorship of Biometry 
at University College London vacated not long ago by C. A. B. Smith-were no longer current 
(though the latter has since been filled). It seemed only right that if Oxford and London did not want 
to use "Biometry", Cambridge should reclaim it, the word having been coined there by William 
Whewell in 1831. For the new Cambridge Reader in Biometry to find himself President of the British 
Region of the Biometric Society almost immediately afterwards seemed like magic. And magic is 
what both fiducial inference and the fundamental theorem of natural selection have seemed to be to 
many people. 

My title is in fact a quotation from 0. Kempthorne (1983), who wrote: 

It seemed never to occurz to Fisher that he could be wrong. He made algebraic mistakes, and 
these he couild acknowledge. But the possibility that the two ideas that I sllrmise lie vnalued 
aboive all else, fiducial inference and the fundamental theorem of natutral selection, were both 
wrong simply did not enter his mind. 

That Fisher was "wrong" over both these ideas has been the majority view for almost as long as 
they have been in circulation, 64 years now. I will allow myself only two quotations to show that 
Kempthorne's opinion has been supported at the highest levels. S. Zabell's very valuable recent 
survey of Fisher's- development of the fiducial argument (Zabell, 1992) opens with the words 
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"Fiducial inference stands as R. A. Fisher's one great failure", whilst S. Karlin once published a 
paper (Karlin, 1975) with a whole Section entitled "The nonvalidity of the fundamental theorem of 
natural selection". 

It would indeed be a brave speaker who (even in a Fisher Memorial Lecture) attempted to 
convince his audience that both fiducial inference and the fundamental theorem of natural selection 
were in some sense "right", and that is not my aim today. Rather, I will briefly describe both ideas 
and state my own view of them, and then proceed to my main thesis, which is that these two 
developments, simultaneously published (Fisher, 1930a,b) in the annuis mirabilis of 1930, have not 
only had a profound influence on their subjects but have also suffered fates which are so remarkably 
similar that they deserve simultaneous historical treatment, from which we ought to be able to learn 
much. 

Both ideas have a history before 1930. The first evidence for each in Fisher's work is in 1926. 
Taking fiducial inference first, in the first edition of The Design of Experiments (Fisher, 1935) Fisher 
attributes the idea of a 95% fiducial interval for a mean, derived from a t test, to E. J. Maskell, a 
colleague at Rothamsted who left for the Caribbean in that year. From the sixth edition onwards he 
gives as a reference a 1929 paper (Maskell, 1929) in which Maskell does indeed advocate such an 
interval, but also mentions in passing, "Often t is calculated for each difference in which we are 
interested and the probability of that difference estimated". In 1972 Norman Stenhouse, of Ade- 
laide, told me that Fisher had described to him how in conversation Maskell had had the idea that 
one could imagine intervals for the mean for arbitrary significance levels, thus leading to a distri- 
bution for the mean. "Let us call it the 'faith' or 'fiducial' distribution", remarked Fisher. In two 
conversations I had with Sir Joseph Hutchinson in 1972 and 1974 he told me how influential he 
thought Maskell had been in guiding Fisher's biological interests. 

What exactly was the new idea? It had two parts. First, that the t distribution could be used to 
generate intervals for the unknown mean, which, if the method were used repeatedly whenever the 
normal model was true, would indeed include the mean with the probability specified (later to be 
called the confidence property). Second, by nesting the intervals as the probability level is increased, 
a distribution-the fiducial distribution-would be obtained for the mean. 

I assume that most people here will accept that if I take a coin from my pocket, toss it, and without 
revealing the result state that the probability of this coin landing heads up is one half, then I have 
not made a meaningless statement. (The minority will agree with J. Neyman that one cannot make 
a probability statement about anything already determined, even if no one in the whole universe 
knows the result. To you, fiducial probability will be of no interest, and you can spend this part of 
my lecture satisfying yourself that you understand why it is that if you construct a Bayesian interval 
for a normal mean assuming a Jeffreys invariant prior it possesses the confidence property.) I shall 
not take the fiducial argument further than the case of the normal mean from a small sample using 
the t distribution. I am well aware of the hazards ahead, so ably described by Zabell (1992) in his 
article. I just want you to accept the mathematical truth that if you repeatedly compute 95% fiducial 
intervals for means from normal samples, they will indeed cover the unknown means respectively 
with probability .95. Nor do I insist, as Neyman was later to do, on "repeated sampling from the 
same population", which is an unnecessary restriction. If you are still not seized of the mathemat- 
ical truth I am trying to convey, I urge you to write a simulation program to test it. You won't need 
a computer, because writing the program itself will be enough to convince you. 

We now know, with the benefit of hindsight, that this idea of making probability statements about 
an unknown parameter without using Bayes's theorem had cropped up a number of times previously 
in other minds than Maskell's or Fisher's. Indeed, in his obituary of 'Student' (W. S. Gossett) Fisher 
(1949) reminds us that in the famous t-distribution paper of 1908 (Student, 1908) 'Student' himself 
was making statements of this type, most memorably as follows: 

...if two observations have been made and we have no other information, it is an even chance 
that the mean of the (normal) population will lie between them. 

But it was Fisher who captured the idea as it floated past like a butterfly, examined it under his 
logical microscope, and announced it to the statistical world as being worthy of further investigation. 

The formal publication of the fiducial argument for a single parameter based on information from 
a single statistic was presented in a paper (Fisher, 1930a) entitled Inverse Probability read (by title) 
to the Cambridge Philosophical Society on 28 July 1930. 

In 1954 J. 0. Irwin remarked, whilst proposing the vote of thanks to the speakers at a Royal 
Statistical Society Symposium on Interval Estimation (Irwin, 1954): 
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I was, I believe, the first person wvho ever spoke abolt fidlucial limw1its in puiblic-at the Bristol 
meeting of the British Association in 1930. Sir Ronald Fisher had star-ted developing the idea, 
had told me abouit it and with his luslual genierosity had sulggested I should talk abouit it at a 
Statistical Session we had in Section A*. 

Irwin himself told me, in 1972, that Fisher was present, that there was no discussion, and that no 
manuscript of his talk existed. If Irwin really was first, it must have been close, because The 
Mathematical Gazette (1930), in previewing the Bristol meeting (held from September 3rd to 10th), 
opined: "it is safe to assume that Dr. R. A. Fisher will not speak on 'inverse probability' without 
finding something enjoyably provocative to say", and when later it reported the meeting it said: 
"Dr. Fisher expounded the somewhat neglected distinction between probability and likelihood, in 
the course of a paper on inverse probability" (The Mathematical Gazette, 1931), from which we may 
probably deduce that Fisher had given his Cambridge Philosophical Society paper another airing. 
But perhaps he left the fiducial bit for Irwin. 

In the 1930 paper Fisher used the correlation coefficient as his example, rather than the normal 
mean. The intricacies of this will not concern us; Zabell's paper and the one by Seidenfeld (1992) 
which accompanied it may be consulted, or, for a more elementary survey, my articles in The 
Statistician (Edwards, 1976) and The Encyclopedia of Statistical Sciences (Edwards, 1983). Nor will 
we concern ourselves with the 'rightness' or 'wrongness' of other subsequent fiducial developments. 
I just want you to accept that the fiducial distribution for a normal mean is a probability distribution 
in exactly the sense, and perhaps only the sense, I have given it. 

We must now leave the newborn fiducial probability 'mewling and puking in the nurse's arms' at 
Rothamsted for a while, and retrace our steps to 1926 to find a quite unrelated idea simultaneously 
gestating in Fisher's fertile mind, the Fundamental Theorem of Natural Selection. (Here I shall rely 
heavily on an article of mine to appear in the next issue of Biological Reviews (Edwards, 1994). 

In a letter to Nature with E. B. Ford in 1926 (Fisher and Ford, 1926) Fisher wrote (and surely this 
must have been Fisher's own sentence): 

... it is easily demonstrable that in species in which a higher proportion of the total variance 
is ascribable to genetic causes, the effective selection will be more intense than in species in 
I'Vhich the variance is to a larger extent ascribable to environmental variations. 

As many have remarked, whenever Fisher wrote 'it is easily demonstrable' you knew you were in 
for a long haul. Here is the basis of the Fundamental Theorem. Fisher could see that the vague idea 
that the speed of selection depended on the amount of inherited variability could be quantified using 
his new idea of the analysis of variance which he had developed in the context of his 'Correlation 
between relatives' paper (Fisher, 1918) of 1918. 

Calling the relative genetic contributions of individuals theirfitnesses, Fisher will have sought a 
relationship between the variance in fitness in the population and the speed at which the character 
in question changes (as measured by the mean of the individual values in the population). But of 
course the mean value of the character will change under selection only insofar as individual 
fitnesses depend on individual character values, so why not in the first instance treat fitness as itself 
the character, thus bypassing this part of the problem? 

At this stage Fisher will have needed a bit of mathematics, and since it did not exist he will have 
had to invent it, wh'ich he presumably did in his head as usual. In words, 

In a slibdivided poplilation the rate of change in the overall growth-rate is proportional to the 
variance in growth rates. 

This exact theorem is applicable wherever there are differential growth-rates, in economics for 
example, as well as in biology. It is trivially proved, and you should prove it for yourself. It opens 
a window onto the Fundamental Theorem; yet never seems to have been published in its own right, 
by Fisher or anyone else. It captures the notion that the more variable are the growth-rates the more 
quickly will the most rapidly-growing parts of the population come to dominate the rest. Eventually 
dominance by the fastest will be complete, all variability in growth-rates will have vanished, and no 
further increase in the overall growth-rate can occur. 

But Fisher will instantly have seen that, as it stood, this theorem was incapable of direct 
application to the evolutionary problem in diploids for the simple but highly complicating reason that 
the Mendelian mechanism ensures that, although a population may be said to have a continuing 
existence, the individuals which constitute it may not. The variability which passes from one 
generation to the next through the medium of reproduction is related to, but not identical to, the 
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phenotypic variability manifest in the reproducing generation. What was needed was a measure of 
the transmissible variability, and ready to hand was the additive genetic variance of the 1918 paper, 
the component of the total variance due to the additive effect of the genes which, in Fisher's words, 
"reflects the genetic nature without distortion" -what was later to be called the breeding value. 

All this must have been arranged in Fisher's mind by the time he came to dictate Chapter II of The 
Genetical Theory of Natural Selection (Fisher, 1930b) to Mrs. Fisher, probably in October 1929. The 
chapter is called 'The Fundamental Theorem of Natural Selection'. She told me herself, in 1974, that 
the Fundamental Theorem 'came to him as he dictated'. But it was a verbal description that flowed 
forth; the mathematics was mostly supressed so as not to frighten the biologists. The result was thus 
incomprehensible to both parties. Fisher explained at the time (Bennett, 1983): 

Mathematicians always tend to asslume that the hardest mathenmatics will be the most 
important... [This] is certainly not truie of my book, where the apparently non-mathematical 
par4ts, where I have left the mathematics undone, are often of the greatest ultimate interest. 

In order not to perpetuate the many misunderstandings of the Fundamental Theorem, I shall give 
a modern rewording that I believe corresponds to Fisher's intentions: 

The rate of increase in the mean fitness of any organism at any time ascribable to natlural 
selection acting thr-ouigh changes in gene frequencies is exactly equal to its genic variance in 
fitness at that time. 

The Genetical Theory was published early in 1930, so by the end of that summer there had 
appeared, after four years' gestation, these two remarkable twins: Fiducial Inference, and the 
Fundamental Theorem of Natural Selection. Within another four years they had both led to 
developments of major importance in twentieth century science. First was the Fundamental Theorem. 

The American evolutionary biologist Sewall Wright was a contemporary of Fisher's, born just 
two months before him, and by 1930 had established himself as a leading figure. In 1922 he had 
invented the inbreeding coefficient and path coefficients, and in 1929 he and Fisher had had an 
exchange in the American Natluralist on the theory of dominance. They had met for the first time in 
1924. From June 1929 until June 1931 they were in friendly correspondence (Bennett, 1983), initially 
in connection with the evolution of dominance but widening into a more general discussion, 
especially after Wright had sent Fisher the manuscript of his major paper Evolution in Mendelian 
populations (Wright, 1931) in August 1929. 

Fisher arranged for complimentary copies of The Genetical Theoiy to be sent to a number of 
American scientists, including Wright, who also received a review copy from the Jolirnal of 
Heredity. The long review which resulted (Wright, 1930) was the only major one the book was to 
receive in the United States. In his accompanying letter to Wright, on 19 March 1930, Fisher 
commented (Provine, 1986): "In some ways the first chapter is the most important, and in some the 
second". Wright thanked him on 10 June: "I wish to thank you very much for sending me a copy 
of your recent book. I have found it extremely interesting and stimulating". He does not mention the 
Fundamental Theorem in this letter or the subsequent one, but he does in his review. 

Wright's review of The Genetical Theoty is eight pages long. "It is a book which is certain to take 
rank as one of the major contributions to the theory of evolution". Then: "The core of Dr. Fisher's 
theory of selection is given in Chapter II. He reaches a formula on which he lays great emphasis as 
'the fundamental th'eorem of natural selection'. 

One'sfir-st impression is that the genetic variance infitness mlust in general be large and that 
hence if the theorem is cor-rect the rate of advance mlust be rapid. As Dr. Fisher insists, 
however, the statement must be considered in connection with the precise definition wihich he 
gives of the terms. He luses "genetic variance" in a special sense [i.e., the genic variance]. 

Wright had thus understood the importance of the genic variance, but he went on, in the review, 
to remark that the Fundamental Theorem needed revision in order to incorporate dominance, 
epistasis, and mutation. He had not taken Fisher's point that, just as these factors were not included 
in the genic variance, so were they not included in the fitness changes ascribable to ncatlurcal selection 
acting throulgh c/ian ges in gene frequencies. But, more than any of his contemporaries, Wright had 
studied The Genetical Theoiy with care. 

Fisher expressed delight with the review when he wrote on 19 January 1931, but added: 

I had not intended to take uxp any special point in this letter, bult I am tempted to mention this 
one, 'The formulal itself seems to need revision ...'. The point here is that the averalge fitness 
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is continuially being increased by selection, at exactly the same rate as it is being decreased 
by m-utation. This caluse of deterioration of adaptedness, duie to mnlutations of the organism, is, 
in my treatment, classed with the parallel deterioration due to changes in the environments. 

Fisher added that Wright would find this point emphasized should he "happen to re-read p.41" 
(Deterioration of the environment). 

Wright replied on 3 February: "I was very glad to hear that you were pleased with my review", 
and 

I am vety sorny that I overlooked your treatment of multations on page 41. The essential 
difficilty which I felt with your concllusions on pages 34-37 still remains, blt I shoiuld have 
worded it differently. ... I assumed that all internal factors...were intended to be taken into 
account. I do not know how I managed to overlook your clear statement to the contraiy on 
page 41. 

After a few lines he went on 

Some aspects of the ideas which I tried to express in pages 353 to 355 of my review might be 
visualised as follows: Think of the field of visible joint frequiencies of all genes as spread olut 
in a mlultidimensional space. Add another dimension measuiring degree of fitness. Tte field 
would be very humpy in relation to the latter becauise of epistatic relations, groups of 
multations which were deleteriolus individually producing a harmonious reslult in comibination. 

The letter contains a drawing of a continuous line with three humps of different height (fitness) 
followed by a description of how a species might be seen to evolve in this representation. It would 
"tend to move steadily" up the slope toward the nearest maximum "under the influence of 
selection" but if this maximum was not the absolute maximum the species would only be able to 
escape from it and make further progress in fitness through "something other than the steady 
pressure of selection". Wright suggested four factors, (1) a changing environment would continually 
change the system of humps, (2) new mutations would add further dimensions to the field, allowing 
new paths of advance, (3) random genetic drift in a small species would allow stochastic jumps from 
one hump to another, as would (4) a subdivided large species. Wright's image was that of a potential 
function expressing the selective effect in a multidimensional space, accompanied by stochastic 
variation: in modern computer jargon, he had invented "simulated annealing". 

Now Fisher, who had had a distinguished undergraduate mathematical career at Cambridge, was 
already famous in statistics for the facility with which he used mathematical arguments in multidi- 
mensional space, first displayed in his derivation of the distribution of the correlation coefficient 
(Fisher, 1915). Clerk Maxwell's description of Cayley could equally have applied to Fisher: 

Whose soul, too large for vulgar space, In n dimensions folorished unrestricted. 

No one was better placed than he to understand why untutored excursions into hyperspace were 
likely to be misleading. He cautioned Wright in his letter of 31 May 1931: 

'Yolur letter of February 3rd contains a point abouit notn-optimal points of genetic stability 
which I should like to take tip with you. In one dimension, a curve gives a series of alternate 
maxima and minima, blut in two dimensions two ineqlualities mulst be satisfied fbr a trule 
maximlm, and I suippose that only about one folurth of the stationaiy points would satisft 
both. Roughly I would gluess that with n factors only 2-n of the stationary points wvould be 
stable for all types of displacement, and any new mnultation will have half a chance of 
destroying the stability. 

When Wright replied on 5 June he commented "21000 is an infinity of such a high order that the 
maxima may be very widely scattered and still permit a practically infinite number of them". 

Fisher, who was spending the summer at Ames, Iowa, visited Wright in Chicago at the end of 
June. In later life Wright could recall little of their discussions (Provine, 1986); all we have to go on 
is the thank-you note from Fisher: 

This is julst a note to thank youx and Mrs. Wright for youlr kindness and hospitality to me in 
Chica go. I wish--I coulld better understand youlr view on those points on which I diffier froma 
you, bult on the points I have disculssed with Lush [J. L. Lush of Iowa State College, Ames], 
I see little chance that I shall ever do so. However, there is a sulbstantial body of theory on 
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wvhich I think we do agree and that after all is of infinitely mnore interest to the wvorld at large 
than the veiy obsciure points still in dispulte. 

It is easy to surmise that Wright's enthusiasm for his image of an adaptive topogr-aphy, based on his 
biological knowledge and intuition, had encountered the rapier-like quality of Fisher's analytical 
mind, trained in mathematics and mathematical physics and thus thoroughly familiar with the 
geometry of n-dimensional Euclidean space and potential theory. I conjecture that "the very 
obscure points still in dispute" were about ni-dimensional surfaces. This appears to have been the 
last letter between Fisher and Wright. 

But Fisher's cautions were in vain. Wright's image of an adaptive topography proved to be 
compulsive viewing. It was popularised by T. Dobzhansky and came to dominate thinking in 
evolutionary biology for a long time. Confusingly, however, in his first publication on it in 1932 
Wright (Wright, 1932) departed from the mental picture of a multidimensional field of gene freqtuen- 
cies which he had described in his letter to Fisher and instead described a field of gene combinations: 
"If the entire field of possible gene combinations be graded with respect to adaptive value under a 
particular set of conditions, what would be its nature?" In this new image, a point in the space 
represented a particular combination of genes, not a particular set of gene frequencies, though 
fitness (adaptive value) was still added in a further dimension as had been done previously. A species 
was no longer characterized by a point representing its gene frequencies, but by a cluster of points 
representing the individuals, a sort of bounded cloud. 

In 1935, however, Wright (1935) reverted to his original idea of an adaptive topography, the space 
once again becoming a space of gene frequencies with the addition of a dimension for "the average 
adaptive value" which he identified with the mean fitness in Fisher's Fundamental Theorem: 

If evolution vere controlled only by selection, the locus of a popuilation characterised by any 
given set of gene frequencies wvould move up the steepest gradient in the field. 

As in 1932. Wright again introduces the misleading notion of a potential function, this time on the 
basis of a different graphical representation. Fisher was less than impressed: at a Royal Society 
meeting on the theory of natural selection the following year he remarked causticly (Fisher, 1936): 

It has been pr-oposed ... that the environment, pictiur-esquiely r-enamed the landscape, governs 
the course of evolutionary change, mulch as the field of force determines the trajectory of a 
comnet. 

But no one was listening. Adaptive topographies flourished, as simple ideas will, and the Funda- 
mental Theorem of Natural Selection had given rise to one of the most influential mid-century ideas 
of population biology in spite of Fisher's protests. 

Meanwhile, as Sewall Wright, in Chicago, was discussing the Fundamental Theorem with Fisher, 
Harold Jeffreys, in Cambridge, was investigating appropriate prior distributions for use in Bayesian 
estimation. Jeffreys, mathematician and geophysicist, had been influenced by Karl Pearson's 
Grammna of Science (Pearson, 1900). His many papers on statistics in the 1930s were to be 
consolidated in his Theoiy of Probability (Jeffreys, 1939). 

In 1932 Jeffreys put forward an argument for the Bayesian prior distribution do-o for the standard 
deviation of a normnal distribution based on the assertion that, of three values drawn from a 
continuous distribution, the third would lie between the first two with a probability of one-third 
(Jeffreys, 1932). True for all samples taken together, replied Fisher (1933), but in respect of any 
particlular sample the probability will depend on the difference between the first two members, and, 
he said, Jeffreys' argument collapses when this is taken into account. Fisher then drew attention to 
the mathematical, though not logical, identity of the fiducial and Bayes posterior distributions for o- 
from a normal sample when the prior is taken to be do-bl. 

From this interchange we see opening up vistas of conditional inference, ancillarity, and the 
likelihood principle in Fisher's work, initially through his paper "Two new properties of mathe- 
matical likelihood" (Fisher, 1934), and as well as noting this impact of the fiducial exploration on 
Fisher himself we can see its influence on Jeffreys, who was to write in Theoiy of Probability: 

My only criticism of both [Fisher's] argulment and 'Stuldent's' is that they omit important 
steps, which need considerable elaboration, and that when these are giv en the argulments are 
mnuch longer than those got by introdulcing the prior probability to express previouls ignorance 
at the start. 
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I am not aware that Jeffreys ever went further and commented on the remarkable fact that in a class 
of cases his Bayesian posterior distributions did have a confidence interpretation. 

Fisher's 1934 paper is difficult, but in essence it tells us how to construct the fiducial distribution 
for a location parameter from the likelihood function, and how the result provides conditional 
confidence intervals. It had already been published, on 29 March, when Neyman read his famous 
paper on confidence intervals (Neyman, 1934) to the Royal Statistical Society on 19 June. 

Neyman, like Jeffreys, had been influenced by Pearson's Grammar of Science, but his Bayesian 
inclinations had disappeared during his collaboration with E. S. Pearson and the establishment of the 
Neyman-Pearson theory of hypothesis testing. The Section of his paper in which he introduced and 
named confidence intervals is headed "The Theory of Probabilities a posteriori and the work of 
R. A. Fisher". Referring to Fisher's papers, including the 1930 one introducing fiducial probability, 
Neyman says: 

The possibility of solving the problems of statistical estimation independently from any 
knowledge of the a priori probability laws, discovered by R. A. Fisher, makes it supeifluous 
to make any appeals to the Bayes' theorem. 

In a footnote he added: 

The above-mentioned problems of confidence intervals are considered by R. A. Fisher as 
something like an additional chapter to [his] Theo,y of Estimation, being perhaps of minor 
importance. However, I do not agree in this respect with Professor Fisher. I am inclined to 
think that the importance of his achievements in the twofields is in a relation which is inverse 
to what he thinks himself. The solution of the problem which I described as the problem of 
confidence intei-vals has been sought by the greatest minds since the work of Bayes 150 year-s ago. 

The subsequent conflict between fiducial inference and confidence intervals, for which Zabell's 
paper may be consulted, has tended to obscure the historical fact that confidence intervals sprang 
directly and publicly from Fisher's Fiducial Inference, just as gene-frequency adaptive topographies 
had sprung from Fisher's Fundamental Theorem. Of course, one can find precursors to confidence 
intervals, of which I have already cited 'Student's', and indeed both E. S. Pearson (in 1927 (Pearson, 
1990)) and Neyman himself (in 1930 (Neyman, 1941)) had toyed with similar ideas. But this is 
common in the history of science: there is an extremely close parallel here with the history of the 
method of maximum likelihood. 

Fisher was present for Neyman's paper, and in the most brilliant and cogent contribution to a 
discussion that I have ever read he pointed out that though confidence intervals were technically 
satisfactory as probability statements in the long run, they could not be held to supply satisfactory 
inferences in particular cases unless they were based on exhaustive estimation. For Fisher knew already 
not only about the importance of sufficient estimates, but about conditional arguments involving 
ancillary statistics. Neyman's generalization of fiducial probability, he said, "was wide and handsome, 
but it had been erected at considerable expense, and it was perhaps as well to count the cost". 

Neyman, of course, had a different objective from Fisher. He merely wanted to be assured that 
interval statements he might make about parameters would be true with the probability he asserted 
in repeated sampling from the same population, but Fisher wanted to make inductive inferences in 
particular cases. I. Hacking (1971) was to coin the memorable phrases before-trial betting and 
after-trial evaluation for the two activities. Statements based on the former concept had to be 
usually right (even if in particular applications they were inferentially nonsensical), whilst state- 
ments based on the latter had to be credible on each occasion of use (even if they were not right with 
the highest probability possible). 

So here we are, in the mid-1930s with two of Fisher's cherished ideas, the Fundamental Theorem 
and Fiducial Probability, being developed by Wright and Neyman, respectively, in ways he under- 
stood perfectly and of which he had immediately expressed his well-reasoned disapproval. He seems 
to have assumed that he need say no more, but he was mistaken, for the derivative theories 
flourished beyond all expectation, partly because they were easy to understand, partly because they 
were vigorously promoted, and partly for the historical accident that World War II greatly increased 
the academic influence of the United States, and both Wright and Neyman (by then at Berkeley) 
were in America. 

Twenty years were to elapse before Fisher responded in any major way to the eclipse of his work 
by the dominant alternatives. In this period he only wrote one paper criticizing Wright's views 
(Fisher, 1941) and, as Zabell points out, practically nothing criticizing Neyman's views in spite of 
the latter's claim in 1961 (Neyman, 1961) that after 1935 "Sir Ronald honored my ideas with his 
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incessant attention and a steady flow of printed matter published in many countries on several 
continents". I can only suppose that Fisher had assumed that the developments by Wright and Neyman 
were too self-evidently naive to prosper. I am afraid that it is an indication of his political naivety that 
he was so wrong. Ideas which are easy to understand have the greatest selective value, which is one of 
the many reasons why the modern apparatus of the bureaucratic control of science through citation 
counts should be abhorrent to anyone who cares for the truth. As Lord Acton said in his notes for The 
History of Liberty (Watson, 1994): "Every doctrine to become popular must be made superficial, 
exaggerated, untrue", but "We must always distinguish the real essence from the conveyance". 

By 1955 Fisher had been head of university genetics departments, in London and Cambridge, for 
more than 20 years, during which time he had made outstanding contributions quite outside the fields 
of theoretical population genetics and the theory of statistical inference (Edwards, 1990a). He was 
65 years old and retirement from the Arthur Balfour Professorship of Genetics at Cambridge was 
imminent. At last, it was time to react to the developments in these two fields. 

In the case of the Fundamental Theorem he became involved in a simultaneous correspondence 
with Kempthorne and the Japanese population geneticist M. Kimura in which he sought to clarify 
his views, but as this correspondence was not published until many years later (Bennett, 1983; 
Edwards, 1990b) it had no contemporary impact. In 1958 the second edition of the Genetical Theory 
appeared (see Fisher, 1930b), but poor editing and proof-correction in Chapter II rendered any hope 
that the Theorem might be clarified nugatory. Fisher did, however, respond sharply to a suggestion 
by the American population geneticist C. C. Li (Li, 1955) that "The only thing that has escaped the 
attention of Fisher is the relationship between Aq and dWldq", made in the context of a discussion 
of Wright's equations (W is the mean fitness and q the gene frequency). Fisher replied (Fisher, 1955); 

I have never indeed written abolut W anid its relationships, and nowt' that the alleged relation- 
shlip has been br-ought to my attention, I must point out that the existence of such a 'potential 
finction' as that which Wright designates by W, is not a general property of nlatullal 
poplulations, blut arises only from the special and restr-icted cases which Wr-ight has chosen to 
consider. Selective tendencies are not, in general, analogolus to what mechanicians describe 
as a conservative system of forces. To asslume this property is one of the gravest faults of 
Wright's formulationi. 

As a matter of fact in 1949 Wright had admitted that he had been mistaken with his potential- 
function approach (Wright, 1949): 

With constant genotypic selective vallues, the species tends to move toward onie of the peaks, 
though not, as car elessly stated previously, lup the steepest gr-adient in the suiface Wfirom the 
point at which it is located. 

This admission did not, however, have any impact on the popularity of his hill-climbing analogy. 
For the subsequent history of the Fundamental Theorem, and in particular its masterly analysis 

by G. R. Price (Price, 1972) and W. J. Ewens (Ewens, 1989), I must refer you to my review 
(Edwards, 1994). Suffice it to say that I believe the errors of interpretation which have led so many 
people to think the Theorem wrong or at best approximate have all been resolved, and the Theorem 
stands, in Price's words, as "very probably the most that anyone has yet been able to say correctly 
about evolutionary increase in fitness under general and realistic natural conditions". Frank and 
Slatkin (1992) analysed the evolution of clutch size in birds from Fisher's viewpoint and showed how 
it led to a "significantly deeper understanding of the problem". They added, in conclusion, "What 
one gains from the Fundamental Theorem ... is a stronger ecological sense of the relationship 
between natural selection and evolution". Even in its imperfectly understood state the Theorem has 
had a profound influence on evolutionary and quantitative genetics; now that we have a clear interpre- 
tation of it and the canard of potential theory has been disposed of, its influence can only increase. 

With the theory of confidence intervals, Fisher of course had a much greater problem. Mathe- 
maticians believed in the theory because it had a simple axiomatic basis which they could under- 
stand and develop ad nauseam (an activity which drew some of Fisher's sharpest invective), whilst 
scientists believed in it because they thought-and still think-it delivered inductive inferences. 
Since this latter property was denied by Neyman, but was the objective of fiducial inference, the 
situation must have been particularly galling for Fisher. Not only did Neyman later convey an 
erroneous impression of the extent of Fisher's writings on confidence intervals, as we have seen, but 
in his major 1937 Philosophical Transactions paper (Neyman, 1937) on statistical estimation he had 
omitted mentioning the fiducial origins of his confidence theory altogether, an omission which even 
M. S. Bartlett, the gentlest of critics, found surprising (Kendall et al., 1982). For all his reservations 
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about Bayesian inference, Fisher said he was closer to Jeffreys's position than to Neyman's (and 
Jeffreys agreed) (Box, 1978): they both sought a theory of inductive inference. 

The counterblast to confidence intervals and the Neyman-Pearson theory of hypothesis testing 
came in the form of a book Statistical Methods and Scientific Inference published in 1956 (Fisher, 
1956). This book precipitated the statistical community into renewed efforts to come to grips with 
fiducial inference. Especially notable were the 1963 dedicated ISI session Fiduicial Probability 
(Bulletin of the International Statistical Institute, 1964) and I. Hacking's 1965 book Logic of 
Statistical Infer-ence. There is no time to give the details of the new efforts, but we only have to think 
of the influence of the fiducial argument on A. Birnbaum, A. P. Dempster, G. Shafer, G. N. 
Wilkinson, and D. A. Sprott, on D. A. S. Fraser with structur-al inference, and on G. A. Barnard 
with pivotal inference. As a result of all this activity I think we now have a much better under- 
standing of statistical inference as a whole, and especially of the relationship between Bayesian and 
repeated-sampling methodologies. Fiducial theory itself proved resistant to logical and consistent 
development, but the reasons for this we now think we understand. 

Fisher once said to L. J. Savage (Savage, 1964): 

I don't lunderstand yet whatfiducial probability does. We shall have to live w.ith it a long time 
befor-e wve known wihat it is doing for uls. But it sholuld not be ignored just becaluse we don't yet 
have a clear inter pretation. 

Savage himself famously remarked (Savage, 1964) that the aim of fiducial probability seemed to be 
"making the Bayesian omelette without breaking the Bayesian eggs", to which I can only add that 
in retrospect it is the only reason why confidence theory is of any relevance to scientific inference. 

At his 80th birthday celebration in 1993 the well-known Danish statistician A. Hald gave a paper 
(Hald, 1994) entitled "The three revolutions in statistical inference", by which he meant those of 
Laplace, Gauss, and Fisher. After describing Fisher's astonishing contributions in the 1920s and 
1930s he added 

Blinded by his many sluccesses, he even tried the impossible, namely to find a general theory 
for probability statements abolut parameters without considering the paramneter as random. 

But of course you do not know what is impossible until you have tried it. Seidenfeld, in his 1992 
paper, preferred to conclude: 

As wvith many great intellectual contriblutions, what is of lasting value is what wve learn fromn 
tiying to lunderstand Fisher's insights on fidlucial probability. 

My own conclusion from these investigations is that in both the cases about which I have spoken 
there was a fundamental intellectual asymmetry between Fisher on the one hand and Wright and 
Neyman on the other. Fisher had a clear understanding of what Wright and Neyman were saying, 
and did not agree with it, but neither Wright nor Neyman ever seemed to appreciate what Fisher was 
tiying to say. One can take the view, as Kempthorne might, that this is easily explained because 
Fisher was wrong. But I think the truth is far more complex and interesting. It is, of course, partly 
that Fisher's explanations left something to be desired and partly that for many years he published 
little on these topics, Out mainly that he was thinking at a deeper level than the others. Constructing 
a confidence interval or climbing an adaptive topography is like picking up a pretty pebble on the 
beach (to paraphrase Newton) when beyond lies a whole ocean to explore. Fisher set off on his 
voyage of discovery and returned (to quote Masefield) 

With a cargo of ivory, And apes and peacocks, Sandalwt,ood, cedarwiood, and sw,eet wihite wt ine, 

whilst the rest came home 

With a cargo of Tyne coal, Road-rail, pig-lead, Firewood, iron-viare, and chleap tin trays. 

Fisher died in 1962, Neyman in 1981, and Wright in 1988, so that both Neyman and Wright had 
ample opportunity to comment on Fisher's work as a whole. I am not aware of any attempt to do 
so by Wright. A natural occasion would have been at the Mendel Centennial Symposium of the 
Genetics Society of America in 1965 when he gave a paper "The foundations of population 
genetics"5 (Wright, 1967), but he plays down Fisher's contributions, regarding the Fundamental 
Theorem as a "mathematical demonstration" of "evolution guided by selection of favorable 
mutants" which is "a rather obvious consequence of the reduction division". More remarkably, he 
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reprints his famous 1932 adaptive topography diagrams facsimile but blithely changes the caption 
from "field of gene combinations" to "field of gene frequencies". 

Neyman, however, wrote an appreciation of Fisher for Science in 1967 which opened: 

R. A. Fisher was a great scholar, typifying Cambridge, the wonderful melting pot of ideas, 
where astronomers rlub shoulders with historians, neuirophysiologists with lawyers, and math- 
ematicians with geneticists, statisticians, and others, 

and in the same year he wrote in the introduction to the volume reprinting his early statistical papers 
(Neyman, 1967): 

A separate reference is due to R. A. Fisher. Even though, in a quarter of a centlury long 
dispute I combated certain views of Fisher, there is not the slightest doubt that his many 
remarkable achievements had a profound influence on my own thinking and work. 

I knew Fisher from 1956 until his death. With the perspective of soon 40 years I can sense that 
he was intellectually lonely then, and perhaps personally too. I remember once asking Walter 
Bodmer, when we were research students together, about Fisher's contributions to statistics, and 
Walter said something to the effect that they were much greater than people at that time seemed 
prepared to acknowledge, and that Fisher was really to be compared with Gauss in this field. "And 
he knows it", added Walter. We students were the beneficiaries of his intellectual isolation, for it 
gave him plenty of time for us, and we were fascinated by what he had to offer. During the time I 
knew him he wrote a piece (Fisher, 1959) from which I shall quote, as my epilogue: 

More attention to the History of Science is needed, as much by scientists as by historians, and 
especially by biologists, and this sholuld mean a deliberate attempt to understand the thoughts 
of the great masters of the past, to see in what circumstances or intellectlual milieu their ideas 
were formed, where they took the wrong turning or stopped short on the right track. 

I hope that you feel that I have followed his injunction. 
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