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At the beginning of my first lecture I mentioned some of the questions I was hoping to 

answer, and among them were these two: Is there any real reason to suppose that 

advances in medicine and hygiene are undermining the fitness of the human race? 

And is man potentially capable of further evolution, or must we suppose that his 

evolution has now come to an end? In the course of trying to answer these questions I 

shall be obliged to use the words ‘fitness’, ‘inheritance’ and ‘evolution’ but to use 

them in narrow or unfamiliar ways. Scientists do sometimes tend to brandish these 

special usages at the layman as if they had a sort of inner rightness, but it would be 

more gracious and would reveal a better sense of language if they apologized for them 

or explained them away. 

 

 

Meanings in Everyday Speech 

In everyday speech ‘fitness’ means suitability or adaptedness or being in good 

condition; ‘evolution’ means gradual change, with the connotation of unfolding; and 

as for’ inheritance’ we may hope to inherit money, rights, or property; we might 

inherit, too, a’ mother’s eyes or a grandfather’s gift for fiddling. These are the 

meanings (there is no need to say the ‘proper’ meanings) of fitness, evolution, and 

inheritance-the meanings for which scientists chose them when they were struggling 

to put their conceptions into words. 

 

In the course of time those conceptions have become clearer - more choosy, if you 

like - but the words which embody them have remained the same. The change that has 

gone on is sometimes described by saying that scientists give the meaning of words a 

new precision and refinement: a fair statement, were it not for the implication that 

they extract the true or pure meaning from crude ore. The innocent belief that words 

have an essential or inward meaning can lead to an appalling confusion and waste of 

time. Let us take it that our business is to attach words to ideas and definitions, not to 

attach definitions to words.  

 

The idea that scientists now have in mind when they speak of ‘fitness’ can be 

explained like this. All the people alive 100 years from now will be our descendants, 

but not all of us will be their ancestors. In retrospect, therefore, it will be possible to 

give us scores or marks according to the share we took in being the ancestors of those 

future people; and those who took a larger share will be described as fitter than those 

who took a lesser share. The word ‘fitness’, then, has come to mean net reproductive 

advantage, and students of heredity, geneticists, do not deliberately use it in any other 

sense. One hears bitter complaints about this newer use of ‘fitness’, because it 

neglects so much of what is deeply important in human life: for example, the 

influence of good or evil people who happen to have no children but who are so 

obviously fit or unfit members of society in everything except this narrow genetic 
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sense. But the contempt we may feel for the word must on no account be transferred 

to the idea that it embodies, an idea which bas a central place in modern evolutionary 

thought. 

  

 

No Disagreement Here 

The argument that advances in medicine and hygiene are undermining the overall 

fitness of mankind is based on the belief that there is a hereditary or genetic element 

in all human ills and disabilities, even if it amounts to no. more than a predisposition.  

This is known to be true of some diseases and not known to be false of any, so there 

can be no disagreement here. In its simplest form, the argument then runs as follows: 

because of the discovery of insulin, antibiotics, and so on, we are preserving for life 

and reproduction people who even ten years ago might have died. We are therefore 

preserving the genetically ill-favoured, the hereditary weaklings, who can intermarry 

with and therefore undermine the constitution of normal people; and as a result of all 

this, mankind is going downhill.  

 

If by ‘going downhill’ is meant ‘declining in biological fitness’ with the implication 

that mankind will probably die out, this argument is simply a museum of self-

contradictions. It is true that we preserve for life people who even ten years ago might 

have died; but then we do not live ten years ago: we live today. It is also true that if 

some disaster were to destroy the great pharmaceutical industries to which diabetics 

and the victims of Addison’s disease literally owe their lives, then a great many of 

them might die; but what could be deduced from this, except the lunatic inference that 

people who might conceivably die tomorrow might just as well be dead today? So let 

me put the argument in a form in which it might be put by a humane and intelligent 

person. He might say something like this: 

I live in a country with a National Health Service, and the effect of this is that, in a 

sense, I myself suffer from diabetes and rheumatoid arthritis, and so on-from mental 

deficiency too. Of course my sufferings are only economic, in the sense that it is my 

taxes that help to pay the bill; but, as a result of them, I can afford to have only two 

children, though I very much wanted three. Now I am a sound and healthy person, 

and though I’m all for helping other less lucky people, it is clear that what you call 

their ‘biological fitness’ is being bought at the expense of mine. 

 

 

Crowded Out by the Inferior? 

There are two arguments here, and they cannot be considered apart. The first is that 

people of a genetically sound constitution are being crowded out by the inferior. My 

spokesman was too humane to resent the idea that the inferior should survive and 

have children, but he saw some danger in the fact that the population of the future 

would contain fewer of his descendants because it would contain more of theirs. The 

second point he makes is that inborn resistance to a disease can be taken as evidence 

of a general soundness of body, of an iron constitution, of fitness in some rounded and 

comprehensive sense; so that even if the people he described as unlucky could all be 

cured of their particular disabilities, there would still be a deep-seated, though hidden, 

deterioration of mankind. 

 

The arguments I have just outlined are serious and respectable, but they are not 

generally valid; they may sometimes represent the very opposite of the truth. Consider 
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one of the forms of inborn resistance to a very severe form of malaria, subtertian 

malaria. It is now known that people can enjoy a definite inborn resistance to 

subtertian malaria if their red blood corpuscles contain something between 30 and 40 

per cent of an unusual form of haemoglobin, haemoglobin S as opposed to 

haemoglobin A. One of the consequences of possessing haemoglobin S is that the red 

blood cells tend to collapse if deprived of oxygen; they become sickle shaped instead 

of remaining rounded, and people whose blood behaves in this way are said to show 

the ‘sickle cell trait’. Sickle cell trait can be found in parts of Africa, in some 

Mediterranean countries, and in parts of India-always in places where malaria has 

been or still is rife. It is not a disabling condition, so its victims should not be said to 

‘suffer’ from it; and, in any event, it confers a high degree of resistance to the 

multiplication of the malaria organism in the blood. 

 

This sounds like a splendid example of Nature’s ingenuity in coping with a 

particularly murderous disease, malaria, without the help of these newfangled drugs; 

but until one knows the rest of the story one cannot appreciate how devilishly 

ingenious it is. 

 

The formation of haemoglobin S instead of A is due to an inborn difference of a 

particularly uncompromising kind, in the sense that if a person is genetically qualified 

to produce haemoglobin S, by possessing the appropriate ‘gene’ or genetic factor, 

then he surely will. People who show sickle cell trait do so because they have 

inherited the gene that changes haemoglobin A to S from one, and only one, of their 

parents. But when two such people marry and have children, one quarter of their 

children, on the average, will inherit that gene from both their parents; all their 

haemoglobin, instead of only part of it, will be of type S; and as a result of this they 

usually die early in life of a destructive disease of the blood known as ‘sickle cell 

anaemia’. This highly successful form of inborn resistance to malaria therefore makes 

it certain that a number of children will die. 

 

 

A Balance Sheet 

The situation as a whole can be set out in the form of a balance sheet or equation. In 

some parts of the world where malaria is rife, people with sickle cell trait are the 

fittest people. Alongside them are, on the one hand, normal people, whose 

haemoglobin is wholly of type A; and, on the other hand, the victims of sickle cell 

anaemia, whose haemoglobin is wholly of type S. The proportion in which these three 

classes occur adjusts itself automatically to a pattern in which the loss of life due to 

malaria and to sickle cell anaemia nicely counterbalances the gain that is due to the 

greater fitness of those with sickle cell trait. Nevertheless, in malarial regions, 

populations which possess this genetic structure are fitter than populations which do 

not.   

 

Essentially the same explanation will account for the widespread occurrence in certain 

parts of Italy of the disease known as Cooley’s anaemia and, not impossibly, for the 

otherwise paradoxically high incidence of a certain fatal inborn disease of the 

pancreas in Great Britain and elsewhere. In all such cases it may turn out that there is, 

or recently has been, some special advantage in having inherited from one parent, and 

one parent only, the genetical factor which produces such disastrous effects when it is 

inherited from both. 
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The moral of this story - though morality seems to have little to do with it - is that 

mankind will improve if we stamp out inborn resistance to malaria by stamping out 

malaria itself. Sickle cell anaemia is in fact disappearing from the Negro population of 

America at about the rate we should expect if malaria had ceased to be a scourge to it 

200 or 300 years ago. So the only good thing about inborn resistance to malaria is-

inborn resistance to malaria: it does not reveal any general soundness of constitution; 

and this is just the opposite to what my imaginary spokesman supposed. It is simply 

not true to say that advances in medicine and hygiene must cause a genetical 

deterioration of mankind.  There is more to be feared from a slow decline of human 

intelligence, but that is a different matter: if it is happening, it is because the rather 

stupid are biologically fitter than those who are innately more intelligent, not because 

medicine is striving to raise the biological fitness of those who might otherwise be 

hopelessly unfit. 

 

 

Congenital Imbecility 

This question of a possible decline of intelligence is very important, and I shall devote 

my fifth lecture to it; but, having referred to mind, and defects of mind, it is essential 

to make this point. Some forms of idiocy and imbecility are congenital. ‘Congenital’ 

is a vague word, but I use it here to refer to an idiocy which follows from an inborn 

defect of the genetic make-up as it was laid down at the moment of conception. This 

defect represents an inborn difference from other people, but it is no more a property 

of the genetic make-up as a whole than the inborn difference between people of 

blood-groups A and B. One particular form of imbecility, now known as 

phenylketonuria, is the effect of a single, particular, and accurately identified inborn 

error of metabolism. In point of inheritance it is essentially similar to another 

disturbance of metabolism, alkaptonuria, the most serious effect of which is usually 

no worse than a darkening of the urine after it is exposed to air. To suppose, then, that 

congenital imbecility pointed to some general inborn inadequacy or degeneracy is 

nonsense - ignorant and cruel nonsense, too. Our ambition should be to cure 

phenylketonuria, for it is an illusion to suppose that congenital afflictions are 

necessarily incurable; and if eventually we do cure phenylketonuria, we shall in no 

sense be conniving at a genetical degradation of mankind.   

 

In a later lecture I shall mention one form of gross mental defect, mongolism, which 

is by no means so simple in origin as phenylketonuria: it is the result of a damaging 

genetic accident, involving a whole chromosome, and it is not at all easy to see how it 

might be cured. But it is an accident, a particular accident, one which happens more 

often to the children of older mothers; it is not to be thought of as an outward 

fulfilment of some inner degeneracy of a family stock. When you come to think of it, 

all defects of the genetic constitution must have an accidental or unpremeditated or 

casually intrusive quality -‘epiphenomenal’ is the word; for it is impossible, indeed 

self-contradictory, that any animal should have evolved into the possession of some 

complex and nicely balanced genetic make-up which rendered it unfit. It is this fact 

that justifies our always hoping to find a cure. 

 

‘Inheritance’ was the second of the three words of which I said that biologists use 

them in special or unfamiliar ways. Just what is inherited when geneticists speak of 

inheritance? It is becoming increasingly popular to say that a child inherits certain 

genetical instructions about how his growth and development are to proceed. This 
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sounds like an ordinary metaphor-very apt no doubt, but perhaps misleading; but I do 

not think’ metaphor’ is quite the word. The idea of genetical instruction has come into 

use because, under the influence of telephone engineers and higher mathematicians, 

we now recognise a general, abstract similarity between all kinds of different ways of 

transmitting information.  The passage of genetical instructions from parents to 

children is a particular concrete example of the more general idea of an act of 

communication, and just as valid an example of that idea as the information which we 

transmit in writing, by telephone, or by direct speech. 

 

 

Conveying Genetical Instructions 

A gramophone record is a solid object which contains instructions about what 

particular sounds a reproducing apparatus is to utter. Genetical instructions are also 

conveyed by solid objects, in this case chromosomes; and the specificity of the 

instructions -their property of being this instruction and not that - is a specificity of 

chemical structure: different molecular patterns convey different information, just as 

different sinuosities of the grooves of a record embody instructions about making 

different sounds. The discovery that nucleic acids are the substances that embody 

genetical information is to my mind the most important discovery in modern science, 

but I shall not argue the point because nothing turns on whether you agree with me or 

not.  

 

Genetical instructions are sometimes strict and uncompromising, in the sense that they 

can be carried out in one way only, if at all. The nature of one’s blood-group or 

haemoglobin is strictly governed by one’s genetic constitution, with little or no 

opportunity for compromise. But much more often the instructions allow a certain 

latitude in their execution-we differ from one another partly because we received 

different genetical instructions from our parents, but partly because, from conception 

onwards, our surroundings have acted upon us differently, and have therefore affected 

the way in which those instructions are carried out. 

 

The theory of evolution is a theory which declares that genetical instructions change 

in character in the course of time. In my first lecture I said that a population had a 

certain age structure, revealed by classifying its members into groups by age. In the 

same way a population has a genetic structure, a particular pattern of genetic make-

up; just as its members are of many different ages, so also are they of many different 

genetic kinds. Evolution is a change in the genetic structure of a population-but a 

systematic change, a change with a definite direction or consistent trend.   

 

We have seen such changes happening in our own lifetimes. In many hospitals some 

bacteria have come to resist the action of penicillin, because bacteria genetically 

qualified to develop that resistance, at one time a tiny minority, have become the 

prevailing type. Likewise the genetic structure of some populations of moths has 

altered: dark forms have now become the prevailing forms among the sooty 

vegetation of an industrial countryside. For all we know to the contrary, changes of 

this kind are the rudiments of greater evolutionary changes; and it was Darwin’s 

theory, you remember, that they have come about because the different members of a 

species are endowed with different degrees of fitness: they leave more, or fewer, 

descendants, as the case ~ay be, and if this happens the genetic structure of the 

population as a whole must clearly change. 
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This is all very well as far as it goes, but if we are ever to get a complete 

understanding of evolution we must obviously try to arrive at a complete theory of 

inborn variation: what forms does it take, what makes it possible, how does it happen, 

how is it maintained? 

 

 

Inborn Variation in Human Beings 

An analytical theory of inborn variation is one which will explain it in terms of the 

properties of chromosomes and nucleic acids, the substances which convey and 

embody genetical instructions.  Let me give an example of what I mean. We can be 

sure that, identical twins apart, each human being alive today differs genetically from 

any other human being; moreover, he is probably different from any other human 

being who has ever lived or is likely to live in thousands of years to come. The 

potential variation of human beings is enormously greater than their actual variation; 

to put it another way, the ratio of possible men to actual men is overwhelmingly large. 

What are the mechanisms which provide for the stirring about and shuffling and 

recombining of genetical information which makes this virtually endless diversity 

possible?   

 

The most ancient and perhaps the most fundamental mechanism or stratagem that 

serves this function is that which is known to geneticists, in one of its forms anyway, 

as ‘crossing-over’.  Crossing-over is the swapping of parts between two chromosomes 

- a process which can occur when they have a certain general correspondence of 

structure; the effect of it is to combine, or recombine, genetical information in novel 

ways. One day biochemists and biophysicists will tell us what properties of the 

chromosomes make it possible for this swapping to occur.  Then again: mutation, the 

birth of a newly variant gene, is an important process in evolution: we must ask what 

property or properties of the materials of heredity make mutation possible.  This is the 

kind of question we must ask if we are ever to understand the pattern and progress of 

evolution. Let me ask another such question now. If we look back upon the course of 

evolution we can see that within many of its lines, within many grand pedigrees of 

descent, there has occurred a process of becoming more complex, or, as zoologists 

say, more ‘advanced’. Mammals are more ‘advanced’ than fishes; insects are more 

‘advanced’ than worms. In the long view there has been an increase in the complexity 

of the genetical instructions which, so to speak, authorize an animal to be whatever it 

is. 

 

If we merely confine ourselves to talking about degrees of fitness, the process seems 

gratuitous; what properties of the hereditary material make it understandable that 1t 

should have occurred? An explanation can only be groped after, but one kind of 

explanation might run something like this. The molecules of nucleic acid are of the 

sort that chemists describe as ‘polymeric’: they repeat the general pattern of their 

structure lengthwise, arid can therefore build upon themselves to increase in length. 

They have also the crucially important property of lending themselves to duplication, 

because after various chemical manoeuvres two similar molecules can be formed 

where there was only one before.  There are many other more subtle properties of this 

kind, for example, the ability to break up and rejoin, to increase in length by letting in 

new stretches between the ends. Taken all together, these properties amount to what 

might be called a repetitiousness of nucleic acids and chromosomes, an ability to 
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become manifold or luxuriant or to elaborate upon genetic information-it is difficult to 

know which word to use. 

 

 

Ever More Complex Solutions 

It is of the physical nature of nucleic acids that they can offer up for selection ever 

more complex sets of genetical instructions, can propose ever more complex solutions 

of the problem of remaining alive and reproducing. Every now and again one of these 

more complex solutions will be accepted, and so there is always a certain pre-existing 

inducement or authority for evolution to have what, in retrospect, we call an ‘upward 

trend’.   

 

This is extremely lame and halting but, as I said in my first lecture, it is a more useful 

way of trying to explain the phenomenon than to talk about a ‘vital force’ of some 

kind which inspires organisms to advance in evolutionary history. All I am asking is: 

what material properties of chromosomes and nucleic acids qualify them for the 

functions which they do in fact discharge? 

 

However that may be, human beings are the outcome of a process which can perfectly 

well be described as an advancement; and the second of the two questions I put at the 

beginning of this lecture was, in effect, where could we go from here?   

 

First, let me say that even in the last fifty years profound changes have occurred in 

human populations which are certainly not evolutionary changes. In some countries, 

for example, the average rate of growth and development has been and still is steadily 

going up. In the Scandinavian countries the average age of onset of first menstruation 

has declined between four and six months per decade for the last seventy years. In this 

country the height of adolescent boys has gone up by about three-quarters of an inch 

per decade, and their greatest height is reached by about eighteen or nineteen, instead 

of by twenty-five or twenty-six.  These changes have been brought about by better 

nurture and nourishment, particularly in the first five years of life. The well-fed 

classes may be nearing the end of this process, but the average will continue to change 

until the less well-fed can catch them up.   

 

Other changes have happened in human history that might conceivably be 

evolutionary changes: There was once a music hall joke of uncertain significance 

which turned on what Mr Gladstone mayor may not have said in (I hope I am right in 

saying) 1858. One of the things he did say or imply in 1858 was that colour vision 

may have developed in mankind since the days of Homer; for he told us that Homer’s 

world, as Homer described it, was almost colourless; and he might have added that 

colour blindness does not seem to have been referred to in writing before 1684. But I 

understand that the poverty of colour-words in Greek and other ancient languages is 

to be construed as lack of sensibility, not lack of sensitivity; as lack of perceptiveness, 

not of ability to perceive; and though full colour vision might have evolved within 

recorded history, there is no good evidence that it has done so. 

 

 

Can Man Evolve Radically? 

But evolutionary changes, as I defined them, have occurred repeatedly in human 

history. The rise and fall of the genetic factor responsible for sickle-cell anaemia is 
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one, and in later lectures I shall mention others. These are comparatively trivial 

changes: could man evolve radically, or be made to evolve radically, in future? I have 

left this question to the end because it is ~ utterly pointless and distracting. The 

answer, to be delivered with every inflection of impatience, is yes indeed. The 

necessary conditions are satisfied: a luxuriance of inborn diversity, a system of mating 

that maintains it, and an unspecialized structure as the zoologist uses that word, a 

structure which does not in itself commit human beings to anyone way of life. From 

the point of view of genetical evolution, human beings have retained an amateur 

status. 

 

But in fussing over the nature of some great metamorphosis which might conceivably 

happen, but which could only happen in real life if we were to be the victims of a 

sustained and consistent tyranny tens of centuries long, we may forget to ask a really 

important question: what changes are happening in the genetic structure of human 

populations as a result of forces acting upon us now? I stand by my original decision 

not to attempt to predict these changes or to discuss their consequences. My question 

is, what kind of knowledge and understanding must we acquire about mankind, and 

about genetics generally, if we are to identify and predict such changes; and this is 

essentially what my next three lectures will be about. In my last lecture I shall give a 

still more cogent reason for saying that the question I put-can man evolve as animals 

may yet evolve? - is pointless, because he has in fact adopted a new kind of biological 

evolution (I emphasise, a biological evolution) to which a great deal of what I have 

said in this lecture does not apply. 

 


