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Intpcctacficn

T en  thousand or so years ago, a development of outstanding biological 
significance took place. Some of our ancestors, for the first time in the 
history of mankind, gave up the hunter-gatherer way of life for a more 
settled existence based on agriculture and the breeding of domestic 
animals. W ith this development hum an culture acquired a new sig­
nificance in the biosphere, introducing new forces which were in many 
ways quite unlike those which had controlled the ecology and evolu­
tion of species during the preceding 2,000 to 3,000 million years of 
life on earth. Since that time these new forces of culture have been 
interacting on an ever-increasing scale with the ancient forces of 
nature, and quite recently this interaction has intensified to an extent 
which many scientists believe constitutes a very grave threat to the 
survival, let alone the well-being, of humanity.

T he processes of civilisation have had, apart from their manifold 
and complex effects on the biosphere as a whole, a profound influence 
on the biology of man himself. Thus, the hum an organism in modern 
Western society is exposed to biological conditions which differ in 
many im portant ways from those of the pre-neolithic era. These new 
conditions differ, therefore, from those which, through natural selec­
tion, determined the biological characteristics of the hum an species.

How the human organism is reacting biologically to these changes 
in its conditions of life is of crucial significance in relation to our 
attempts to understand the contemporary hum an situation in scientific 
terms. It is, therefore, remarkable that this problem as a whole has 
received so little attention from biological or social scientists. T he pur­
pose of this symposium was to stimulate discussion, debate and ex­
change of ideas on this extremely im portant but at present neglected 
aspect of hum an biology.

Needless to say, in a two-day symposium it was possible to deal with 
only certain aspects of this broad subject, and the topics for discussion 
were selected on the following basis. Firstly, since the theme of the 
meeting was the impact of civilisation on the biology of man, it was 
considered appropriate to include a paper, for purposes of comparison 
and contrast, on the biology of Homo sapiens before the advent of 
civilisation, ‘The Biology of Pre-Neolithic M an’ by H. F. Barnes.

W hen the conditions of life of an animal population deviate from 
those to which it has become, through natural selection, genetically 
adapted, some signs of biological maladjustm ent are almost inevitable.
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Since the hum an species is no exception to this principle, two papers 
were included on aspects of biological maladjustment in man resulting 
from environmental changes accompanying the development of civili­
sation ( ‘T he Effects of Changing Social Organisation on Infectious 
Diseases’ by F. Fenner and ‘Changes in Non-Infections Diseases Asso­
ciated with the Processes of Civilisation’ by S. B. Furnass).

T he effect of the new conditions associated with civilisation on the 
genetic constitution of hum an popidations is a subject that has already 
received a great deal of attention from eugenicists, and many authors 
have expressed concern about the dysgenic effects of modern medicine. 
W hile there is general agreement that social developments since the 
neolithic revolution have resulted in changes in selection pressures and 
in gene frequencies in hum an populations, the crucial problem of 
the rate at which such changes may be taking place is still controver­
sial. T his question is dealt with by J. Rendel in his paper ‘T he Time 
Scale of Genetic Change’.

As Dr Rendel points out, the rate of genetic change in hum an popu­
lations in response to the new conditions of civilisation is very slow, 
and for this and other reasons it is clear that m an’s more or less success­
ful adaptation to the recent environmental changes to which he has 
been exposed has been due not so much to genetic or evolutionary 
adaptation as to the processes of ‘cultural adaptation’. In view of the 
outstanding importance of cultural adaptation in terms of the survival 
and well-being of man in the modern world, and because there has 
been surprisingly little discussion on the topic up to now, a paper was 
included on ‘C ultural A daptation to Biological M aladjustm ent’ by 
S. Boyden.

No attem pt was made at the meeting to compile a list of the biologi­
cally significant changes that have occurred in the conditions of life of 
the hum an organism as a consequence of the processes of civilisation. 
A lthough well documented inform ation of this sort would indeed be 
very useful, a symposium is not the appropriate place for its presenta­
tion. However, three papers were presented dealing with certain 
aspects of environmental change and their biological implications. In 
the first of these, ‘Some Effects of Different Diets’, F. Clements dis­
cussed the modifications which have occurred in hum an diets since 
the neolithic development, and particularly during the past hundred 
years or so. Two less easily definable, more controversial, but nonethe­
less very im portant aspects of environmental change were considered 
in the papers ‘Social A daptation to Crowding’ by G. McBride and 
‘Stress in Relation to the Processes of Civilisation’ by C. Mims.

In  the final paper, R. Dubos deals in a general way with problems 
of adaptation in man, and he emphasises particularly the great im port­
ance of early biological experiences of the individual in relation to his 
later capacity to cope with various kinds of environmental challenge.

T he discussion after each contribution was opened by invited 
speakers who had read the papers beforehand. These prepared com­
ments are included in this volume together with part of the open dis­
cussion which followed them.
Canberra 1969 S.V.B.



F. M. Burnet

(Shaipmsn’s  
opening remarks

Human Biology as the Study 
of Human Differences

At the present time an International Association of H um an Biologists 
is being initiated. T he interim  Council of this organisation has defined 
the scope of hum an biology as:

‘the study of the nature, development, causes and origins of variation 
in hum an populations, at the molecular, cellular, tissue, and whole 
body levels. In  particular, emphasis is given to the relationship be­
tween genetic and environmental factors in producing this variation, 
as it occurs both within and between populations.'

T he subject does not cover normal anatomy, physiology, and bio­
chemistry in so far as these disciplines are equally applicable to other 
species of mammal. It concerns such matters as:

At the molecular level—the haemoglobin variants, in particular 
Hb.S, the disease it is associated with (sickle cell anaemia) and its 
evolution.

At the cellular level—the immunological grouping of blood cells 
and leucocytes and their bearing on haemolytic (R h) disease of the 
newborn, on the evolution and movement of hum an races or on foren­
sic matters like disputed paternity.

At the whole body level—skin colour and its anomalies, albinism 
and freckling, for example; somatotypes, i.e. the classification of body 
forms.
These are simply examples. At each level there are hundreds of other 
topics that are relevant to this approach.

Logically, human biology must go further than that, just as soon as 
the appropriate methodology is available: to the study of hum an 
temperament and hum an behaviour in so far as these can be shown to 
have a basis, genetic or environmental, that is independent of the 
immediate circumstances.

H um an biology is essentially concerned with the genetic differences 
between hum an beings, how these differences have originated and 
been distributed, and the part played by environment both as a selec­
tive agent or as an actively modifying one in making those differences 
evident. If we are to discuss the impact of civilisation on hum an 
biology we must first have an understanding of the genetic structure 
of the hum an species, and of the degree to which genetic characteris­
tics, either of the species as a whole or of special groups of men, are
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adaptations to environmental conditions. As in every species of mam­
mal, an important part of the environment is provided by other mem­
bers of the same species. In man, probably from the earliest hominids 
onward, this has progressively become by far the most important 
element. For most of us the whole environment is man-made and man- 
controlled—other aspects become important only in natural catas­
trophes or from breakdown in human control.

We have evolved from near-human primate to human form over 
about one to two million years and there is no significant skeletal dif­
ference between Cro-Magnon man of about 30,000 years ago and many 
modern west Europeans. The oldest urban civilisations developed in 
the Middle East about 5,000 years ago. This is a very short period of 
about 200 human generations, far too short for major mutational 
changes to influence genetic constitution. When we consider, however, 
the possibilities of redistribution of genetic qualities already developed 
in one or other component of the human gene pool during the pre­
vious million years, selection and genetic drift between them could 
well have produced major genetic changes in a human population 
over that 5,000 years. It has been estimated that on the average, each 
human being carries eight or ten recessive genes which in double dose 
would give rise to medically recognisable anomaly or disease. Some 
are quite disconcertingly common. The gene responsible for cystic 
fibrosis is present in from 2-8 per cent of people in the communities 
that have been studied. Amongst the Melanesians of the Trobriand 
Islands, the gene for albinism is present in around 6 per cent of indi­
viduals. It is equally certain that each of us has large numbers of 
genes which, appropriately paired, would have equally significant 
effects on temperament, intelligence, and the capacity to develop 
special skills. Despite the shortness of the history of civilisation, there 
has been ample scope for changes in the genetic constitution of human 
populations. Undoubtedly such changes will continue in the future 
but their magnitude and speed may be inhibited by two new factors 
specially characteristic of the twentieth century. By the virtual elimin­
ation of lethal infectious disease, and hence of early death, we have 
reduced the intensity of selective processes and by the rapid spread of 
effective contraception we are also reducing the amount of material 
available for the winnowing process of selection. Both factors will 
probably act to slow the process of change. Others, which I shall men­
tion later, may intensify it.

It has been usual to lay stress on the dysgenic effects of medical care 
as a potent cause for genetic deterioration in the future. It is probably 
true, as Müller claimed, that if all haemophiliacs could be treated 
effectively enough to give them the same fertility as normal indi­
viduals, the condition would spread through the species like a slow 
infectious disease until 50 per cent of the population carried the gene. 
He calculated that this would require some 30,000 generations, a mil­
lion years, so that the threat is hardly an urgent one. Nevertheless 
there is undoubtedly a long-term danger. If the standard social pattern 
of today in Western communities continues indefinitely, there can be 
no escape from serious genetic deterioration. With essentially random
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mating as far as medically significant genes are concerned, with a 
steady slow appearance of new mutations, with small two to four child 
families and with the survival of at least 90 per cent to reproductive 
age, there is no scope whatever for natural selection by elimination of 
the unfit in the Darwinian sense. However, there is nothing to suggest 
that there will be any positive selective value of medically harmful 
mutant genes and unless there is, it will be many generations before 
even relatively common mutations, such as that responsible for 
haemophilia, will have any effect visible in demographic statistics. 
There are probably a thousand years ahead of us which we can use to 
work out the laws of human inheritance and to develop the necessary 
social conscience to allow a scientific and acceptable application of 
eugenics to counter the trend. The titles of contributions to this sym­
posium and the current approach to social problems suggest that we 
are all thinking essentially of what is happening now or what can be 
expected to happen in, at most, the next hundred years.

There is no reason why we should not take a longer view, and I 
shall be most interested to hear what Dr Rendel has to say in his talk. 
My present thought, however, is in regard to such matters as, first, 
differential fertility, particularly as modified by the acceptability and 
use of contraceptive techniques, and, second, possible modification of 
mating groups to allow, for example, the appearance of pockets of 
population of exceptionally high intelligence in certain academic and 
science based industrial environments. For the most part, however, 
we are concerned in this symposium with the non-genetic effects on the 
human organism of changing present day environment. I shall take 
the point of view that the average genetic constitution of present day 
persons is not greatly different from what it was a hundred thousand 
years ago, well before the advent of any form of pastoral or agricultural 
activity. Over the historical period—the period of urbanisation—I can 
conceive a significant effect of the high mortalities in infancy and 
childhood in providing a genetically based increased resistance to in­
fectious disease, but I cannot see any reason for any other character to 
be significantly affected. I have seen it suggested that the tendency for 
men of unusual intellectual power to become celibate members of re­
ligious communities during the Middle Ages may have lowered the 
average intelligence of Western Europeans, but the effect was prob­
ably quite insignificant. As far as general bodily health and patterns 
of behaviour are concerned, one can feel reasonably confident that 
the genetic aspects of these qualities have not changed significantly 
since the days of Cro-Magnon man.

In my Boyer series of A.B.C. lectures, given in 1966, I said that ‘the 
problem of today is how to use the intelligence of a relatively small 
number of men and women to devise ways by which patterns of 
behaviour laid down in a million years can be modified, tricked and 
twisted if necessary, to allow a tolerable human existence in a crowded 
world’. I was pleased when Dennis Gabor, in a contribution to a 
Royal Society symposium on a related topic, quoted that sentence as 
expressing the gist of the problem.

Most of the contributions to the present symposium have little direct 
B
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concern with hum an behaviour, for the obvious reason that little is 
known about significant aspects of hum an behaviour which is expres­
sible in quantitative terms or allows meaningful prediction of future 
behaviour by individuals or communities. T here is, in addition, the 
widespread implicit dogma that hum an behaviour has no genetic 
component and that all anomalies of behaviour can be righted by 
environmental action, i.e. by education. This appears to be the back­
ground of most writing on education and cultural anthropology as 
well as of classical Marxist philosophy. I shall take the point of view 
expressed by W ashburn and many others (self-evident to anyone who 
has been a member of a large family) that behaviour has a very im­
portant genetic component. All the details of behaviour are learnt, are 
culturally determined, but the capacity to learn some things more 
easily than others is genetic, is subject to evolutionary processes, and 
is all-important in regard to such significant aspects of behaviour as 
intellectual achievement and level of aggressiveness.

It is probably far too early to forecast what is happening in regard 
to the distribution in civilised communities of the two genetic quali­
ties of intellect and aggressiveness. One can contrast the qualities of, 
on the one hand, aggressiveness, dominance, leadership, and political 
skill with, on the other, submissiveness, loyalty, and conscientiousness. 
One can have no doubt that there are genetic factors concerned as the 
basis of those differences. T he same holds for the difference between 
high intellectual achievement and dullness or stupidity. It is in regard 
to the distribution of such qualities that I can see more im portant 
shorter-term genetic problems arising than at the level of medically 
significant genetic deterioration. H um an mating groups have prob­
ably always existed—much of cultural anthropology has been con­
cerned with their definition—and any genetic changes associated with 
current trends in civilisation will result from their influence on the 
composition of m ating groups and the relative fertility of those groups 
rather than from any appearance and accumulation of deleterious 
mutations.

America has consistently led in initiating changes in hum an be­
haviour that eventually involve most of the world, and I have been 
interested to read hints from America of concentration of qualities in 
new types of m ating group. T he evidence suggests strongly that the 
group increasing in size most rapidly in the United States is the poorer 
stratum  of Negroes with associated high fertility, low intelligence, and 
high crime rate. In  an entirely different direction I have seen sugges­
tions of a trend toward the development of m ating groups of the in­
tellectual elite in areas where there are high concentrations of intel­
lectually demanding industrial or academic work. Modern technology, 
including the technology of administrative and managerial skills, 
requires a conscious effort to make the fullest use of genetically based 
intellectual quality. T his has meant the provision of educational 
opportunity for young people almost to the lim it of their capacity to 
absorb it, and the active search for talent. A college education has 
become in some sense a mark of an elite and is beginning to evoke 
signs of resentment in the other 85 per cent of the American popu-
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lation. One must expect that processes of this sort will lead to a variety 
of groups with special genetic capacity to excel in socially significant 
activities. Conceivably these may also become relatively closed mating 
groups distinctly analogous to the caste system of India. This might 
have curious, perhaps disastrous, social results in an affluent and 
largely leisured civilisation of the future.

Strictly speaking, there is only one definition of biological fitness. 
A group of organisms which has more offspring surviving to reproduc­
tive age is fitter than one which has less. It makes no difference what 
the factors are which determine that greater fertility. At the present 
time, by far the most important factor in determining the relative fer­
tility of different groups is the degree to which various contraceptive 
techniques are used and their effectiveness. The differential applica­
tion of birth control will have, or could have, greater influence on the 
biology of man than any other aspect of civilisation. We cannot forget 
that any circumstance which makes contraceptive methods easily 
available to the intelligent, mentally flexible, and socially responsible 
segment of the community, without also providing strong incentives 
for their use by the ignorant, superstitious, and irresponsible, will in a 
few generations change the whole character of our civilisation.

There may be something to be said by the sentimental for a Utopia 
in which simple peasants, full of all the homely virtues and of some 
comforting religious faith, raise families of 15 or 20. But every realist 
must see the mischievous futility of such sentimentality. I believe that 
we would be lacking in a sense of our responsibilities as scientists if 
we did not recognise the danger to everything which we cherish as 
intelligent human beings if opportunities for rational birth control 
are not made equally effective through all classes of all human com­
munities.

I have confined myself almost wholly to questions of the changing 
distribution of human genotypes as influenced by factors associated 
with civilisation. Most of the papers will be concerned with more 
immediate impacts of the urban environment on the physical or 
mental health of human beings. This is a topic that I was once more 
enthusiastic about than I am now. My disillusionment springs from the 
failure of any significant action to be taken against the medical haz­
ards of cigarette smoking. If we look at the vital statistics of western 
countries since about 1900 it is evident that civilisation, whether 
through preventive medicine, better medical care, or simple improve­
ment in the standard of living, has had a striking effect in raising the 
average expectation of life. To the best of my knowledge the only 
environmental factor lethal enough to have a measurable effect in the 
opposite direction on vital statistics has been the cigarette. Since 
around 1950 it has become clear that cigarette smoking is almost 
wholly responsible for lung cancer, causes even more deaths from 
ischaemic cardiac disease, and is a highly significant factor in deaths 
associated with chronic lung incapacity. No other impact of civilisation 
has yet been shown to have so clear and measurable an effect in destroy­
ing man-years of potentially useful life. Poverty, worry, urban stress, 
marital disharmony, over-crowding, noise, air pollution, may all be
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responsible for medically or socially evil effects but none of them has 
been incrim inated with the quantitative precision of the cigarette. I 
have been crusading against cigarette smoking in Australia since 1955. 
So have a large num ber of others, particularly Dr E. V. Keogh of the 
Victorian Cancer Council. I can see no response whatever from any 
government in Australia or from the trade union movement, and 
there has been no slackening in  cigarette sales. There may be many 
other aspects of civilisation that have subtle but im portant harmful 
effects on hum an health and wrell-being. It is as well that we should 
know about them, but our complete failure in Australia and America 
to handle a measurably lethal situation of the first importance—the 
cigarette—must make us completely cynical about obtaining effective 
action against such things as stress, noise, air pollution, and so on. 
O ur only hope seems to be in watching for new hazards to health 
and clamping down on them before vested interests arise to make 
action impossible. I suspect that m arihuana may be much less ob­
jectionable than cigarette tobacco but we should get rid  of it while 
that is still possible. T here is perhaps just a hope that the outcry 
against sonic booms from the Concorde may deter the Americans 
from going on with their S.S.T. and spare the next decade from 
an intolerable nuisance. Once United States and Russian S.S.Ts. are 
in the air the situation will be hopeless. Most new industrial hazards 
are now relatively well controlled. One of the most remarkable 
achievements of preventive medicine has been the control of dangers 
in the use of nuclear reactors, atomic power plants, and weapons 
establishments. Here the danger was clear and readily measurable. The 
remedy was available from the start and has been built into the whole 
structure and function of the industry.

I should like this meeting to be something more than an academic 
exercise. I may well have overstated some of the points I have made 
and I am well aware that the accumulation of valid data with the full 
apparatus and integrity of academic scholarship is a necessary first 
step to action. But I should like to be able to hope even faintly that 
what we do in these two days will have some real impact on our future 
well-being in this country.
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The Impact cf 
Qivilisaticn cn the 
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The Biology of 
Pre-Neolithic Man

This symposium is concerned with the effects of civilisation on the 
biology of the hum an species and it is pertinent to introduce some 
comments on the biology of man before he was exposed to the condi­
tions of civilisation. For this purpose we will somewhat arbitrarily 
date the beginning of civilisation from the time that a hunting­
gathering way of life was superseded by one based firmly on agricul­
ture, the domestication of animals, and a settled mode of existence.*

This change, which we shall refer to as the neolithic revolution, 
occurred first in the Middle East some 10,000 years ago and since then 
has taken place in almost all the inhabited areas of the world, so that 
today there are only a few vanishing peoples living by hunting and 
gathering. The process is of immense biological significance for m an­
kind and has led, in only 400 to 500 generations, from palaeolithic 
hunter-gatherer societies to modern urban civilisation.

Before 10,000 years ago our ancestors had been hunter-gatherers 
for at least two m illion years. During this time man spread over much 
of the earth’s surface but his effect upon the habitats in which he lived 
was relatively slight. Since the neolithic revolution he has modified 
his environment at an ever-increasing rate. Today he lives in, and must 
adapt to, conditions markedly different from those in which he made 
the transition from man-ape to man and in which he then lived 
for tens of thousands of generations.

T he processes of civilisation, which were ushered in by the neolithic 
revolution, are based on m an’s capacity for culture and learned be­
haviour. These in turn  depend to a great extent on his genetically- 
transm itted ability to acquire and use a symbolic language. 'This 
attribute probably developed in the first half of the Pleistocene epoch, 
during which time the volume of the hom inid brain more than 
doubled, mainly because of growth of the neocortex.

Thus we find that the few remaining hunter-gatherer societies have

* We recognise of course that this process of change from a hunting-gathering 
economy occurred at different times in different places, that it may have been 
independently invented in different areas (e.g. in the New World) and that some 
societies have economies showing some, but not all of the traits mentioned in the 
text. Thus the Ainu had essentially a hunting-gathering economy combined with 
settled habitation, while the Siriono are essentially nomadic hunter-gatherers 
who plant a few crops.
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well-developed cultures. P. V. Tobias , 1 writing of the Kalahari Desert 
Bushmen,* says:

‘It is not the slow structural genetic adjustment nor the smooth and 
reversible functional accommodation but the swift, intelligent cultural 
adaptation which has perm itted the Bushman to cope with the 
rigours of his environment. It is remarkable that even in a pre- 
neolithic economy like that of the Bushman, culture predominates over 
biological considerations in ensuring survival.’

Similarly, while Eskimos have certain genetic traits such as facial 
hairlessness and narrow noses which are advantageous in arctic 
conditions, it is nevertheless their complex cultural inventions that 
enable them to live as hunters on the border of the habitable world.

As these examples demonstrate, surviving hunter-gatherers live in 
the harsher habitats of the globe. We must therefore beware of attri­
buting their characteristics unchanged to early man. However, data 
from these peoples, together with archaeological evidence and insights 
gained from m an’s prim ate relatives, are all that we possess, and we 
must do the best we can with these materials in our attempts to de­
lineate the biological characteristics of hunter-gatherer man. T hrough­
out this paper the interplay of traits possibly inherited from m an’s 
sub-human prim ate past and the increased flexibility of behaviour 
provided by his hum an brain will be stressed. In  the analysis of the 
causes of behaviour we are still largely ignorant of the relative im port­
ance of the genetic as compared with the learned and culturally- 
transm itted components, but it is becoming increasingly apparent that 
the behaviour of the higher mammals, particularly that of the pri­
mates, is composed of complex trains of events in which the genetic 
and learned components interact in a sequential manner.

Among the primates only pre-agricidtural man hunts to satisfy a 
substantial part of his dietary needs. It seems probable that, during 
the Miocene and Pliocene epochs in southern Africa, m an’s already 
omnivorous ancestors responded to the spreading savannah woodlands 
by increased hunting. This hunting was grafted on to a primate base, 
in which sight had for long been the dom inant sense. Man became a 
mammalian oddity, a carnivore hunting by sight rather than smell.

O ther primate traits played a part in his development. A tendency 
towards truncal erectness and climbing-by-grasping were pre-adaptive 
for bipedallism and the ability to hold, m anipulate, and carry objects 
in the freed hands. Primate stereoscopic colour vision and high ex­
ploratory drive contributed to the matrix from which he emerged. 
Later the acquisition of language provided a basis for the development 
of abstract thought and the expansion of culture so that man was able 
to amplify the social structure he inherited from his prim ate ancestors

* Material on the Bushmen used in this paper has been taken mainly from the 
following works:

G. B. Silberbauer, Bushman Survey, Gaberones, 1965, Bechuanaland Govt; R. B. 
Lee, Subsistence Economy of the IKung Bushmen, University Microfilms, 1967, Ann 
Arbor; E. M. Thomas, The Harmless People, London, 1959, Martin Seeker and 
Warburg.



THE BIOLOGY OF PRE-NEOLITHIC MAN 3

with organisation based on concepts such as kinship, exogamy, and 
incest. Language also facilitated the construction of ideologies and the 
development of a sense of time and personal identity—traits which 
are, to a marked degree, characteristic of the human species.

Hunting stimulated the use of tools and weapons, which led in 
turn to better hunting and eventually to the making of tools ‘to a set 
and regular pattern’. This achievement has been regarded as a hall­
mark of man, even if rudimentary tool-fashioning can be seen in chim­
panzees when they break twigs to a suitable length in order to get ants 
out of holes.

The role of hunting behaviour as a determining factor in man’s 
evolutionary development raises interesting speculations. W. S. Laugh- 
lin2 sees it as ‘the master behaviour pattern of the human species—the 
organising activity which integrated the morphological, physiological, 
genetic and intellectual aspects of the individual human organisms 
and of the populations which comprise our single species’. Early 
vegetarian ape-men such as Paranthropus died out: an omnivorous 
ape-man survived.

It has been suggested in particular that hunting favoured the devel­
opment of economic co-operation amongst males and food sharing 
within the group. Other killers of large prey such as wolves show the 
same characteristics. A big kill, made possible by pack behaviour, is 
used to the best advantage of the group if it is shared. Interestingly, 
fane Goodall3 reports an instance of real economic co-operation among 
chimpanzees when two combined to hunt and kill a colobus monkey. 
She also describes ‘begging’ gestures for meat which are sometimes 
rewarded. This contrasts with primate frugivorous feeding which is 
a solitary affair. The existence of a fruiting tree may be signalled 
vocally but, on arrival, each animal selects its own food, prepares it 
if necessary and eats it.

Hunting may also have selected for the development of efficient 
eye/hand co-ordination, good vision, and acute hearing. R. H. Post4 

has demonstrated a falling-off in the level of visual acuity and an in­
crease in red/green colour blindness paralleling the removal, in time, 
of a population from the hunting-gathering way of life. Bushmen 
have heard a single engined Cessna aircraft while it was still seventy 
miles from the airstrip and many of them can see the four moons of 
Jupiter with the naked eye. However, before attributing the changes 
in urban society entirely to relaxation of selection pressures we would 
have to consider whether modern living, with its increased level of 
noise and very different use of the eyes, is having physiological effects 
within the lifetime of individuals.

At some stage the sexual division of labour became general. In all 
extant hunter-gatherer societies men are the hunters of large animals 
even if, as with the Pygmies, women play an integral part as beaters. 
That this was so by the end of the palaeolithic era in Europe is shown 
by the hunting scenes of cave art. Although there is no evidence that 
early hominid females did not hunt, as the human species evolved it 
was the males who became the hunters; females were increasingly 
burdened by the care of the young. The enlarging human brain was
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associated with increasing immaturity at birth and, in order to exploit 
the flexibility allowed by this complex brain, infants developed in­
creasingly slowly. As fur disappeared, perhaps because of the advan­
tages of quick heat loss when hunting in a hot climate,5 the young 
could no longer cling but had to be carried or tended in a home base. 
Women w'ould have been inefficient hunters of large game.

Later, as humans colonised colder areas, they had to compensate 
for the loss of fur by such cultural devices as clothing, fire, and effici­
ent shelter. For the last we can again see a possible phylogenetic basis; 
among other primates, apes are the only nest builders.

Looking at modern hunter-gatherer groups we find that diets are 
extremely varied. Eskimos are almost entirely carnivorous as there is 
little vegetable food available, while for the Hadza of Tanzania meat 
provides only 20 per cent by weight of the food eaten and the women’s 
gathering supplies the subsistence base.6 Both groups have been 
described as healthy. Amongst four Australian Aboriginal groups liv­
ing in the bush in 1948, meat and/or fish provided from 37 to 97 per 
cent of the diet. However, two men from the band living almost en­
tirely on meat became tired of the diet and walked to a mission for 
supplies of rice and flour.7 Chimpanzees when eating meat take a 
handful of leaves between mouthfuls.

Recent studies have shown that hunter-gatherer economies can 
provide adequate and relatively secure food bases. The time spent 
hunting or gathering by Bushmen and Aborigines, though highly 
variable, averages three to five hours a day.8 In Bushman society most 
of the day is spent resting, talking, visiting, and making weapons or 
other artifacts; old people are fed and cared for, and children do not 
have to assume adult economic responsibilities at an early age. The 
Bushmen say ‘why should we plant when there are so many mongongo 
nuts in the world?’ If there is no food in a Hadza camp at nightfall 
everyone knows more can be gathered tomorrow. Llowever, in some 
habitats the food quest is more frustrating. Among the Siriono, in the 
Bolivian rain forest, there appears to be a good deal of hunger. This 
leads to widespread anxiety about food, and often to aggressive be­
haviour.9

In hunter-gatherer societies everyone is involved in the physical 
effort required to obtain food. This, combined with the fact that the 
food has a higher fibre content than that of a modern diet, contributes 
to the finding that in hunter-gatherer societies, as amongst wild ani­
mals, obesity is virtually unknown. However, a liking for sweet 
things is an ancient trait which man shares with other primates, and 
which is adaptive in a frugivorous life. A Spanish cave painting, late 
palaeolithic or early neolithic in date, shows men using ropes to reach 
honey, much as the Veddas did in the early years of this century. 
Honey is also prized by the Pygmies, Bushmen, and Aborigines, and 
if more of this highly concentrated carbohydrate had been available 
in the environment, obesity and widespread dental caries might have 
become problems at an earlier date.

Emotional overtones are attached to meat, even in groups where it 
is not the mainstay of life. For the Hadza and Xavante it is ‘real’ food,
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and the symbolic food exchanges of the latter group are made with 
meat pies. 10 Bushmen evaluate plant foods rationally and they impose 
few taboos on their use; in contrast there are taboos of varying strict­
ness on all animal foods. Is this because emotional overtones became 
attached to meat through hunting and killing or is it because of a 
greater tendency in men as opposed to women to ritualise their activi­
ties? At all events, by the end of the palaeolithic era in Europe we see 
cultures, reflected in the cave art, where men hunted large animals and 
in which totemism, hunting magic, and fertility rites probably existed 
much as they exist in some cultures today.

Let us turn  to the demographic picture presented by hunter- 
gatherer populations. Modern palaeolithic man lives in relatively 
small face-to-face groups and we can safely assume he has always done 
so. Perhaps from early times there were temporary larger gatherings 
made possible by seasonal abundance of food and used for the interest 
and excitement of extended social intercourse. Such gatherings are very 
much a part of Australian Aboriginal and Eskimo life. In  extreme 
conditions we find the subsistence unit reduced to the nuclear family, 
but, when things improve, the foraging band, a fundamental group of 
palaeolithic society, reasserts itself. These bands appear to vary around 
a modal size of twenty-five to fifty people. Both ecological and social 
factors may influence the size of bands but our knowledge of their 
operation is incomplete and imprecise. T he nature of the food base 
and the techniques which have been evolved to obtain it both con­
tribute. Among the Bushmen, G /w i bands have around fifty members 
while IKung bands usually contain ten to thirty people, with much 
visiting, joining up and redividing taking place. Among the Pygmies, 
six to seven nuclear families are needed to form an efficient hunting 
unit and the Australian Aboriginal foraging band consisted of twenty 
to fifty adults. B. J. W illiams11 suggests that thirty-five to seventy-five 
people are needed to m aintain exogamous relations with surrounding 
bands and even if the Vedda hunting unit had only one to two ex­
tended families their land-holding groups were often larger. The 
usually endogamous band of the Siriono was made up of three to five 
extended families totalling about seventy people. It seems that both 
cultural and ecological factors establish upper and lower limits of 
band size.

An im portant aspect of most hunter-gatherer bands is that they are 
less closed than the groups of most other primates. Some band-chang­
ing by gorillas and baboons (almost always males) has been observed, 
while the details of the much looser chimpanzee social organisation are 
still not clear. Itani and Suzuki12 have analysed three large chimpanzee 
groups (thirty to fifty animals) and found fewer young adult males 
than would be expected on the basis of observed sex ratios among 
infants and juveniles. They suggest that this age group keeps ‘some 
social distance from the large sized groups’, perhaps in part because of 
conflict between mothers and their near adult sons as these latter 
achieve positions of dominance over females. T he tendency of young 
males to roam further afield may also contribute. These authors even 
speculate as to whether male chimpanzees normally change groups as
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they become fully adult but state that further work is required on 
the relations between the fluid small bands of chimpanzee society and 
the larger groupings which occur from time to time.

In  the hum an species individuals may be required to change groups 
—on marriage. T hus hunter-gatherer bands, unlike those of other pri­
mates, are units of a wider society, which is held together by kinship 
bonds.

We should note here that although the links in this network of 
bands could have stretched far, for any individual hum an being almost 
all contacts with members of his own species would be with persons 
well known to him. T he stresses, but also the stimuli, involved in new 
contacts would have been few. It has been estimated that 400 to 500 
people could have been the total number of persons met in an average 
lifetime. On the other hand wre must also allow for the general fear 
of the unknown stranger, which may have been much more acute 
when he was encountered, than it is in our more sophisticated society.

From his work in Australia, and supported by data from the 
Shoshoni and Andamanese, Joseph Birdsell13 has postulated that there 
is a tendency among generalised hunter-gatherer populations for the 
linguistic unit (or tribe) to approximate 500 people, even if in some 
cases there may be a considerable variation. He suggests that this figure 
may be largely the result of forces operating within the communication 
system provided by symbolic speech and foot mobility, but also notes 
that a change in size may follow a change in social mores.

Population densities varied with the ecology of the habitat, but 
must in all cases have been low in comparison with those occurring 
after the neolithic revolution and almost infinitesimal when compared 
to the densities found after the industrial revolution. As modern work 
with mammals continues to reveal profound physiological and psycho­
logical changes stemming from overcrowding, such as increased rates 
of aggression, increased parasite load and decreased resistance to 
infection, impaired reproductive performance and abnormal maternal 
behaviour, the question whether such factors are operating in our 
modern urban environments becomes a valid one. Later we shall note 
the increasing tendency towards stratified hierarchical hum an societies 
after the neolithic revolution. T he struggle to survive and reproduce 
in more crowded conditions may have promoted aggressive and domin­
ance behaviour patterns in a way which was unnecessary (or even 
harmful in terms of the ability of the band to survive) in the hunter- 
gatherer way of life. In  this connection it is interesting that there is an 
increased value in being dom inant in crowded rabbit populations.14

H enri Vallois concludes from fossil evidence that in prehistoric 
times few people lived beyond forty and most females were dead by 
thirty. In  a Neanderthal series 50 per cent of the people had died 
before twenty.15 T he picture, based admittedly on scrappy evidence, 
is of early death, especially of females, and moderate childhood mor­
tality. Parents would not have been able to care for the later-born 
children throughout their childhood. In  contrast, at the present day 
the expectation of life at birth  has risen to seventy in some Western 
societies.
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Even in contemporary hunter-gatherer societies there are difficulties 
in filling in the demographic picture. C. B. Silberbauer thinks the 
G/wi in the Kalahari Desert age rapidly and few live beyond forty- 
five. On the other hand George Grey,16 on the basis of genealogies and 
observations obtained on his journeys in 1837-9, is certain that Aus­
tralian Aborigines often lived to be seventy. Amongst the Xavante, a 
South American Indian group still predominantly nomadic when 
studied in 1962, most men were dead by forty-five, but homicide is 
thought to have played a part here as the older men struggled for 
power.

It has been estimated that births to chimpanzee and gorilla mothers 
are often spaced at three- to four-year intervals. This also appears to 
be the case in many hunter-gatherer groups. T he average num ber of 
children born alive to a G/wi woman is three, spaced at four- to six- 
yearly intervals in the years from eighteen to the early thirties. Grey 
found 4-6 children per completed Aboriginal family associated with 
a high infantile mortality rate and probably frequent miscarriages, 
perhaps sometimes induced. Semang women are said to bear a child 
every three years. We are largely ignorant of the mechanisms by which 
these spacings are achieved. Physiologically the suppression of ovula­
tion by lactation may be im portant. In  the hum an species cultural 
factors supplement any physiological mechanisms which may be oper­
ating. T hus abstinence, abortifacients, oral contraceptives, and infan­
ticide are all reported in the literature, but except for the last we have 
little real evidence as to the extent of their use or of their efficiency. 
It appears that an appreciation of the fact that too frequent child­
bearing jeopardises the chances of survival of mother and child, acts, 
under hunter-gatherer conditions, as a stimidus to population control. 
Mary Douglas has suggested that after the neolithic revolution popu­
lation homeostasis still occurs bu t that ‘the kind of relation to re­
sources that is sought is more often a relation to limited social ad­
vantages than to resources crucial to survival’.17 R ather than an 
appreciation of the resources of the habitat, the social structures of 
the group and a belief that cultural prizes are within one’s grasp 
become the im portant mechanisms for regulating population. If cor­
rect, this again demonstrates the effect of civilisation in decreasing the 
pressures of the natural habitat and increasing the importance of 
cultural factors.

Some animal species limit population growth by means of territorial 
organisation and only those individuals in possession of a territory 
breed. However, man does not relate himself to land in a rigidly 
territorial fashion and a breeding pair of humans does not have to 
possess a den or a territory before m ating can occur. Like gorillas and 
perhaps chimpanzees, hunter-gatherer groups often operate flexible, 
overlapping home range systems. Each group normally hunts and 
gathers over an area of land to which it has a special relationship but 
the boundaries of which are frequently ill-defined and not rigorously 
defended. In  different habitats and under different ecological and 
social pressures access to land other than that over which the group 
normally forages is more or less easy. Such access is often regulated
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by social mechanisms based on kinship. Patterns vary from that of the 
Siriono where a band simply moved away if it came across evidence 
that another band was hunting in the area, to the complicated land 
use patterns of the Australian Aborigines. These have been analysed 
by W. E. H. Stanner,18 who concluded that the ecological life space 
had two components, an estate and a range. T he estate was the 
‘ground’ or ‘dreaming place’ and was im portant as the ritual focus of a 
patrilineal descent group. T his descent group formed the nucleus of 
a foraging band which hunted and gathered over a range. Estate was 
usually but not always contained within the range. Groups often went 
outside their ranges for social intercourse, particular foods or raw 
materials and, especially in the harsher environments, ranges often 
overlapped.

For the Dobe Area Bushmen in 1964, Richard Lee mapped nine 
territorial areas and pointed out that each territory had enough food 
to sustain some members of the band which normally foraged over it 
throughout the year but that arrangements were flexible enough to 
‘perm it people to collect and eat freely in territories other than their 
own’.19

Eskimos also had, in general, little idea of owning hunting terri­
tories although Alaskan Eskimos, perhaps influenced by their Indian 
neighbours, had more developed ideas of property rights in land.20 T he 
Veddas also seem to have had well-defined and defended territorial 
borders.21

In  general, however, I think we must conclude that it was the neo­
lithic revolution, with its attendant necessity to protect stock and 
crops and the greater opportunities it provided for accumulation and 
storage of goods, which set the stage for many of the acquisitive and 
territorial wars which disfigure the subsequent history of mankind.

Let us look more closely at the social organisation of foraging bands. 
Many non-human primate groups appear to be held together by 
bonds based on the three biological categories of male, female, and 
young, giving six possible two-way bonds. As more long-term studies 
of prim ate groups become available we are finding that even in non­
hum an groups kinship may be acting as a primary bonding mechan­
ism.22 In  hum an groups we have already commented on the im port­
ance of the concept of kinship as an organising principle in  society— 
thus extended kinship classification often covers all members of the 
band and members of other bands as well.

All-male groups are a prom inent feature of contemporary hum an 
societies. We can speculate whether the bonding mechanism between 
males in early hum an societies was based on an aggressive dominance 
hierarchy,23 as in baboons, which later was modified by the need to 
co-operate in hunting, or whether the pattern  was one of m utual 
attraction, as appears to be the case with chimpanzees.24 In  favour of 
the latter it would seem that in modern hunter-gatherer societies 
there is in general a lack of hierarchical structuring.

Thus, for the Bushmen, Silberbauer makes it clear that no adult 
member of the band has more authority than any other by virtue of 
superior status or strength, and of the Pygmies T u rnbu ll writes ‘T here
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were no chiefs, no formal councils. In each aspect of Pygmy life there 
might be one or two men or women who were more prominent than 
others, but usually for good, practical reasons’.25 The co-operative 
mores of the Diomede Island Eskimos were noted in 1899, as was 
their lack of an executive head.20 In the New World the area where 
a complex social system of status and rank developed was Meso- 
America, which also possessed intensive irrigation and farming.27

Male-female bonds are stressed in human societies where much 
social organisation centres round relatively permanently mated pairs. 
This is in contrast to many primate societies where heterosexual bonds 
tend to be ephemeral, operating only when the female is in oestrus. It 
is interesting that relatively permanent mated pairs probably occur in 
another co-operative hunter—the wolf. Long-term apportionment of 
females may help damp down aggressive impulses between males in 
both species. The disappearance of oestrus in the human female and 
her capacity to participate in sexual intercourse at all times in the 
reproductive cycle could have reinforced the heterosexual bond and 
provided a basis for the emerging nuclear family which became the 
major child rearing unit of the human species.

Female-female bonds are less in evidence but groups of females and 
young have been noted amongst chimpanzees, and women go gathering 
in groups, perhaps for company, perhaps partly for security. Pygmy 
women working in the village do so in twos and threes, again for com­
pany. Whether this represents a bond between females or whether 
it merely reflects a dislike of being alone is perhaps open to question. 
In either case the isolation felt by the suburban housewife may rest on 
a firm biological basis.

The young of primates often appear to attract the males. Hall and 
DeVore have noted such behaviour in baboons and Schaller comments 
on the tolerance of adult male gorillas towards juveniles. Bonds be­
tween females and young are well-developed for obvious biological 
reasons. The attractiveness of infant rhesus monkeys to females other 
than their mothers has been described,28 and for chimpanzees Jane 
Goodall has recorded a situation where an older sister ‘adopted’ an 
infant whose mother disappeared.29 In this case kinship, as manifested 
in a sibling relationship, may also have played a part, for the older 
brother on occasion protected the baby. A strong mother-infant tie is 
necessary for successful rearing, as the young primate is not left 
in a den but must go everywhere with his mother. Much has been 
learned about the cues which release maternal behaviour in primates 
including humans, and it is becoming increasingly obvious that such 
behaviour is not entirely instinctual. Adequate adult maternal and 
sexual behaviour both depend in part on adequate socialisation ex­
periences during development. It is interesting that socially deprived 
chimpanzees can learn the adult sexual pattern more effectively than 
deprived monkeys.30 Deprived human children can probably learn even 
better than chimpanzees but some Western societies may have relied 
too much on this capacity, thereby contributing to the level of sexual 
maladjustment in their adult populations.

J. P. Scott has put forward the idea that there exist critical periods
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in development, one of which he calls primary socialisation .31 During 
this period bonds are formed and patterns of behaviour develop which 
contribute to adult social organisation. T hus in dogs and wolves 
primary socialisation occurs after locomotion is established and while 
adult feeding patterns are developing. T he m other is away from the 
den much of the time and primary socialisation occurs between litter 
mates, forming a good basis for later pack behaviour between age- 
mates. In  humans primary socialisation occurs during the period 
stretching from six weeks to six months, before walking or adult feed­
ing patterns are established and while the infant is still totally depend­
ent. T he bonds created are, therefore, between the infant and the 
caretaker; this is usually the mother, perhaps supplemented by the 
father and siblings. Scott notes that there is a basis here for the de­
velopment of inter-generational bonds in hum an societies and for the 
experience of welfare workers that the best time for a baby to be 
adopted is during the few weeks after birth  before the period of 
primary socialisation begins.

Bonds between young are im portant in primates and are expressed 
in social play . 32 In  rhesus monkeys adequate peer group experience is 
more im portant than adequate m othering for the development of 
effective adult sexual behaviour . 33 T he Israeli kibbutzim use the 
peer group as the main socialising agent. M other-infant contacts in 
the first six months are interm ittent, mainly for feeding, and most of 
the baby’s care is relegated to nursemaids. After infancy the child 
lives for most of the time in a peer group society under the control of 
a succession of caretakers and teachers. T he finding that ‘the sabra 
[one who has grown up in a kibbutz] as a personality type stands 
impervious to integration in social forms other than those beginning 
and ending with his peer group ’34 gains new significance in the light 
of Scott’s suggestion that it is the bonds formed between m other and 
infant during primary socialisation which may provide a basis for 
inter-generational bonds in hum an societies. It is also interesting that 
many kibbutzim are now allowing mothers to take a greater part in 
the care of their young babies .35

Supplementing such bonding mechanisms as these, hum an groups 
are held together and differentiated by a variety of specifically cultural 
concepts based on the appreciation of kinship relations. Incest taboos, 
and rules of exogamy and /o r endogamy are to be found in most hum an 
groups. T he origins of these practices are obscure, and different 
hypotheses, not all m utually exclusive, have been put forward to 
explain them. Basic physiological and psychological reactions may 
play a part. Biological considerations such as the dysgenic effect of 
very close m ating may have favoured groups prohibiting it, and the 
social advantages of kin links with surrounding groups may have 
helped the development of rules of exogamy .36

Let us turn  to a consideration of the health of hunter-gatherer 
bands. We have a good deal of evidence to suggest that at least in  some 
habitats their members achieved a high level of physical fitness, and 
lived in effective symbiotic relationship with their surroundings. Feats 
of endurance are often mentioned in the literature. T hus an Aborig-
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inal messenger could cover fifty miles in a day and a Bushman walk 
thirty-four miles in five hours in heavy sand on a hot summer day. 
!Kung women carry their own weight in firewood.

Blood pressure in both Bushmen and Aborigines is low and does not 
increase with age though there are indications that it may increase 
with acculturation .37 In spite of this, widespread arteriosclerosis has 
been found in  Bushmen, which may help to account for their tend­
ency to prem ature ageing .38 Nye found no arteriosclerosis in a group 
of old Aborigines, many of whom he thought were seventy years old . 39

T he nomadic way of life protected hunter-gatherers to some extent 
from diseases characteristically occurring in conditions of poor sani­
tation. However, the habitat may have been equally im portant, dry 
tropical conditions being more inimical to most micro-organisms than 
wet tropical ones. D unn40 has demonstrated the increasing num ber of 
pathogenic helm inths and protozoa occurring in hunter-gatherer popu­
lations as one moves from dry arid habitats to tropical rain forests. 
T he principal diseases suffered by the pre-contact Siriono of Bolivia 
in their tropical rain  forest are thought to have been malaria, dysen­
tery, hookworm, and skin diseases. In this group disability and mor­
tality seem to have been considerable and fear of illness widespread, as 
seriously ill adults were sometimes abandoned if the group had to trek 
to another food area.

T he relative isolation of groups and their small size meant that 
infectious diseases producing long-lasting immunity could never be­
come endemic w ithin the group. T he disastrous effect of the introduc­
tion of such diseases as measles, chicken-pox, and whooping cough 
into isolated populations after contact with Western civilisation is cir­
cumstantial evidence that these populations had not previously had 
experience with these pathogens during the lifetime of their members.

T he position with regard to degenerative and inflammatory dis­
eases is rather different. From the bones the archaeologists unearth we 
find ample evidence for widespread degenerative bone pathology; 
Neanderthal man fairly frequently suffered from osteoarthritis of the 
jaw and spine and there is a series of seventeen adult arthritic skele­
tons (out of twenty-seven) at a Middle Horizon site in California . 41 

This group of people got most of their food on the shores of Bodega 
Harbor, and the skeletons demonstrate the close association between 
disease and the way of life followed by a population. T he series also 
produced two males with osteomyelitis and two with sinusitis—while 
sinusitis is also found in palaeolithic skulls from a cave at Lozere. Aus­
tralian Aborigines seem to have suffered from a peculiar type of perio­
stitis and osteitis resulting in the condition known as ‘boomerang 
legs’. Although dental caries is rare in hunter-gatherer groups alveolar 
abscesses were common in the Californian skeletons. We must, I think, 
conclude that from early times inflammatory and degenerative bone 
pathology may have been im portant causes of disability.

T raum atic bone injuries are found both in archaeological material 
and amongst living hunter-gatherers; healed fractures are common. In  
many cases the general hazards of a hunting life are responsible. Falls 
from trees produce injuries amongst the Siriono, fractured arms and
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legs are found in Aborigines hunting over boulder strewn country 
while Colles’s fracture and fractures of the small bones of the leg 
occurred in the Californian men gathering seafood on a slippery shore. 
A Homo erectus femur shows an exostosis, probably the result of 
trauma. In some cases injuries may have been caused by intraspecific 
violence. Thus Australian Aboriginal skeletons have been reported as 
having a high incidence of ‘parry’ fractures of the forearm.42

Some environments provide other hazards. Drowning is a frequent 
cause of death among young male Eskimos while eye injuries from 
branches are common among Bushmen. Snake bite and attack by 
predators are significant dangers in some habitats; the latter may have 
been even more important in early savannah environments. Wounds 
in Aborigines and Eskimos have been reported as healing particularly 
well. How much this is an expression of their fitness and how much 
it is due to the relative sterility of their extreme environments is open 
to debate.

Deficiency diseases are rare in palaeolithic groups, as one would 
expect on biological grounds. Except in difficult seasons, hunter- 
gatherer diets are adequate for good health even in relatively unfav­
ourable habitats. Worm infestation is no doubt as old as man and he 
has lived on meat long enough to become the definitive host for two 
types of tape worm. However, under natural conditions a symbiotic 
relationship may have existed, causing little disability to the host.

There is some evidence that, in hunter-gatherer groups, carcinoma 
is rare and the same is true for coronary thrombosis. However, the 
relatively young age at death introduces problems in evaluating the 
significance of this evidence. The incidence of congenital abnormali­
ties probably varied from group to group, perhaps influenced by the 
amount of inbreeding. In one inbred Siriono group club-foot has 
reached 15 per cent.

Eye diseases, for example trachoma (probably pre-contact among 
the Aborigines) and conjunctivitis (widespread among Bushmen), 
could have existed in early groups, and mycotic skin conditions are in 
the same category.

Thus our final picture, hazy as it is, suggests that the health of 
ancient palaeolithic man varied, as we would expect, in the different 
habitats in which he settled. In general, the hunter-gatherer way of life 
provided a diet which kept him in good health and the demands of 
his nomadic life kept him in good physical condition. However, in 
some environments, and with some modes of food getting, wear on 
joints led to widespread osteoarthritis, as well as to other inflammatory 
and traumatic bone pathology. Infective diseases producing immunity 
were probably rare, but other infective illnesses such as gastro­
enteritis, possibly caused by the same organisms as produced the 
osteomyelitis, could have contributed to a high infantile mortality. In 
this context we may note that G. B. Schaller considers disease to be 
probably the chief cause of death in the gorilla, respiratory disorders, 
helminths, and micro-filaria being indicted. One adult gorilla defin­
itely died of gastro-enteritis during the study and the male mortality 
rate prior to puberty was calculated to be 47 per cent. We can only
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guess at the reasons for the relatively short expectations of life of 
most of the population in many hunter-gatherer groups. In pleisto­
cene populations problems of pregnancy and parturition in a rela­
tively recent bipedal species which was producing an infant with an 
unusually large head perhaps contributed to the earlier age at death 
of women as compared to men. This statistic has been reversed in 
modern Western populations where women in general outlive men. 
We are even more ignorant about the mental health of hunter- 
gatherer groups. Silberbauer did not observe any ‘neurotic symptoms’ 
amongst the G/wi Bushmen. Ehrstom,43 investigating Greenland 
Eskimos in 1948/9, suggested that the incidence of psychosomatic dis­
ease increased with acculturation while hysterical manifestations, such 
as ‘Kayak dread’, were more often found in those with less experience 
of Danish culture. Abbie44 thinks that pre-contact Australian Abor­
igines were an adaptable and ‘on the whole a happy’ people, while 
Turnbull depicts the Congo Pygmies as resilient, happy, and well- 
integrated into their forest environment. However, it is extremely 
difficult to gather firm evidence concerning the psychological condi­
tion of hunter-gatherer populations.

One major subject we must consider is the question of intraspecific 
aggression in the human species. Man holds the unenviable position of 
being the species most prone to behaviour which actually results in 
the killing or serious wounding of a member of the same species. We 
can assume that, like his primate relatives, man’s ancestors had, at some 
stage in history, a way of life in which the use of aggressive behaviour 
was integrated into the total life pattern of the species in such a man­
ner as to prevent the killing of conspecifics. Thus the problem is to 
define the forces which brought about a change in behaviour and 
resulted in the fairly frequent killing of members of the same species.

Predation obviously involves aggressive behaviour patterns and 
favours the development of organs capable of inflicting damage, such 
as canine teeth and sharp claws. Animals thus armed must, if the 
species is to survive, ensure that they do not consummate aggressive 
behaviour patterns against conspecifics. This has been achieved by 
such means as ritualisation of fighting behaviour, submissive gestures 
which inhibit the stronger animal from pressing home the attack 
(dogs, wolves), or the primary defence of territory by aggressive be­
haviour so that once the weaker animal has fled the behaviour sub­
sides (deer). Therefore we find in many species aggressive behaviour 
patterns which inflict minimal intraspecific damage but which help 
in the food quest, play a part in social organisation (territorial and 
dominance behaviour) and are essential components of sexual be­
haviour. This latter aspect of human aggressive behaviour has received 
much attention from psychiatrists recently. MacLean has demonstrated 
in the spider monkey that penile erection is part of both the aggressive- 
dominance behaviour pattern and the courtship pattern:

‘From the level of the anterior commissure caudally one can follow 
neural structures involved in anger and fear and combative behaviour 
lying next to those concerned with feeding and sexual response.’45
c
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In common with other predatory animals man developed his arma­
mentarium, but it was an armam entarium  with a difference. It con­
sisted of weapons and was based on primate motor patterns and not on 
the development of claws or canines. Agonistic throwing and clubbing 
have been reported in the great apes and in the case of throwing both 
frequency and accuracy of aim appear to be higher in males than 
females.46 This may be yet another primate trait which contributed 
to the sexual division of labour in the hum an species.

The use of weapons enabled palaeolithic man to make a success of 
his change to a more carnivorous diet. However, such predation, with 
its associated aggressive behaviour, has been, in evolutionary terms, a 
late development and, at least in its later stages, a rapid one. Per­
haps, like the present day gorillas and chimpanzees, m an’s sub-human 
primate ancestors did not depend, to any great extent, on the use of 
aggressive behaviour to m aintain their social organisation. In  this case 
the necessity for highly effective instinctive checks on intraspecific 
aggression would not have arisen.

It is difficult, though possible, for one unarmed man to kill another. 
W ith the development of weapons the position changed, and checks 
which had been adequate may no longer have been so, especially with 
weapons capable of use at a distance. However, we should not over­
look the possibility that quite a strong selection pressure in favour of 
the development of effective inhibitory mechanisms may have been 
operating throughout the period in which weapons were developing.

It is not easy to decide how far back in time we can find reliable 
proof of intraspecific killing. Evidence of death following a fracture 
of the skull has been found as early as the Australopithecines but 
there is nothing to indicate whether the fracture was the result of a 
deliberate blow or due to an accident. If it was deliberately caused it 
may have been inflicted either by a member of the same species or by 
a member of one of the other contemporary hom inid species. Homo  
erectas and Neanderthal skulls have been found with damaged bases, 
suggestive of cannibalism. Some also show fractures in the temporal 
region, indicating that their owners probably died violent deaths. 
Opinions differ as to whether these finds constitute certain evidence of 
intraspecific killing or whether they only point to ritual necrophagy as 
part of funerary rites .47 If they are evidence for the deliberate killing 
of fellow men for ritual purposes it suggests that a concomitant of 
becoming hum an and developing the power of symbolic thought was 
a loss in effectiveness of whatever innate inhibitory mechanisms were in 
existence. It seems unlikely that at this stage in the development of the 
hum an species, when in many environments predators and accidental 
death must still have been considerable hazards, the species could have 
survived intraspecific killing on a large scale. It is, however, possible 
that the benefits derived in the development of learned and culturally 
transmitted behaviour outweighed the survival disadvantage to the 
species of a certain amount of intraspecific ritual killing which was 
integrally linked with the process of humanisation. T hus we cannot 
rule out of court the possibility that intraspecific killing has an ancient 
history.
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As food-providing techniques increased in efficiency, populations 
grew denser and groups larger. There is evidence that at about the 
same time there may well have been an increase in intraspecific vio­
lence.48 Thus widespread violence as well as dominance-structured 
societies may both be in large part human reactions to the processes 
of the neolithic revolution. Crowding, as has already been mentioned, 
increases the rate of aggression in many mammal communities.

As far as contemporary hunter-gatherer societies are concerned the 
killing of fellow humans certainly occurs. Sometimes the victim is a 
member of the group, more often he belongs to another band. Most 
killing seems to be on a small scale and is often over women, but more 
organised warfare occurs in some areas, as for instance in N.E. Arnhem 
Land in Australia.

However, to the Bushmen aggression is unthinkable and they have 
been called the ‘harmless people’. In this society young children are 
reported to be about as aggressive as young European children and 
the aggression goes unchecked unless injury is about to result. In 
middle and later childhood aggression is not permitted.49 It is prob­
ably significant that the models in the adult world who will not toler­
ate aggressive behaviour are themselves non-aggressive. In the USA 
it has been found that a similar pattern of child rearing is the one 
most likely to produce non-aggressive children.50

This example illustrates the part played by learning and the cul­
tural mores in the control of aggression in human societies—a develop­
ment also made possible by the humanisation of man and the increased 
control of impulse by learned behaviour associated with the enlarge­
ment of the neocortex. This is not to deny the possibility that a 
genetic component may be operating, but the observation that young 
Bushmen are as aggressive as young Europeans would suggest that 
genetic factors are in this case of less importance than cultural factors.

We can conclude with a few final points. Man is a diurnal animal 
and until he tamed fire (Peking man half a million years ago) he 
probably slept throughout the hours of darkness much as the apes do 
today. Perhaps like them and like some of our contemporaries he also 
took a routine siesta. Changes in various physiological processes are 
evoked by changing the sleep pattern and the amount of exposure to 
light. The same is true in relation to noise and eating patterns. Urban 
man lives in a noisier world than did his palaeolithic ancestors and 
probably spreads his food intake more evenly throughout the day. 
Alterations in carbohydrate metabolism are known to occur when food 
is concentrated in one meal a day or spread throughout waking 
hours.51 Whether the patterns of behaviour now expected from civil­
ised man in such areas as these are within the limits of physiological 
adaptability of the species or whether and in what conditions they 
contribute adverse stresses require further study.

The few remaining groups of hunter-gatherers will soon have be­
come agriculturists or industrialists. The way of life which has sustained 
the human race for 99 per cent of its time on earth will have disap­
peared. Man will live in environments largely created by himself, and 
often spectacularly different from those of his palaeolithic ancestors.
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Unless these environments provide for the biological needs stemming 
from his primate inheritance and hunter-gatherer past, the resulting 
stresses may prove too much for him notwithstanding his unique 
ability to adapt to changing conditions through cultural processes.

Summary
In this paper recent studies of non-human primates and contemporary 
hunter-gatherer societies are considered, along with archaeological 
data, in an attempt to delineate some of the biological characteristics 
of pre-neolithic man. Behaviour based on these characteristics formed 
the springboard from which man took off when he embarked on the 
changes of the neolithic era, a brief 10,000 years ago. Developments 
stemming from the introduction of agriculture, the domestication of 
animals for food, and a relatively settled mode of existence have pro­
foundly altered both biological and sociological aspects of man’s way 
of life. Too few generations have passed for there to have been much 
genetic change and man is facing the space age with a genetic equip­
ment determined largely by the selection pressures which produced 
his pre-neolithic ancestors. Clearly some knowledge of the biological 
and sociological attributes of the pre-neolithic way of life is a pre­
requisite for understanding the effects of civilisation on the biology of 
man. The paper therefore covers such topics as the role of hunting 
behaviour in human development, the importance of the capacity for 
culture, the health and demography of hunter-gatherer groups, the 
evolution of social behaviour, and the problem of human intraspecific 
aggression.
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Comments
l . r . h i a t t  A lot of civilised people would take exception to Dr 
Barnes’s opening statement, that civilisation dates from the neolithic 
revolution. Quite properly, however, she has not allowed ethnic 
vanity to dictate the meaning of the title of this symposium, which 
on her definition of ‘civilisation’ now reads something like; ‘T he 
impact of settled agricultural and industrial society on the biology of
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m an’. T he contrast thus proposed is not industrial versus pre-indus­
trial man, but sedentary agriculturalists and industrialists versus 
nomadic hunters and gatherers.

T here can hardly be any doubt that two regular and prom inent 
features of civilised society are territoriality and hierarchy. Yet Dr 
Barnes has suggested that neither appears to have been particularly 
im portant in palaeolithic society. It might be useful if I spend my time 
discussing some implications of this assertion for biologically-based 
theories of territoriality and hierarchy in man.

We can distinguish three views about hum an territoriality. T he first, 
expressed by Carpenter in 1940 and later supported at length by 
Ardrey, is that ‘possession and defence of a territory which is found so 
widely among the vertebrates, including both the hum an and sub­
hum an primates, may be a fundamental biologic need’.1 T he second 
view, advanced in 1967 by Morris, is that a million or so years ago 
man emerged as a territorial hunter from non-territorial primate stock. 
T he third view, proposed today by Dr Barnes, is that territoriality has 
become a pronounced feature of hum an social life only over the last 
10,000 years or so and is to be seen as a by-product of a settled agricul­
tural and industrial economy. Let me spend a moment indicating the 
developing empirical basis for this sequence of views.

Carpenter carried out pioneer field observations of monkeys and 
apes and was certainly correct in saying that territoriality is wide­
spread among vertebrates. But later studies, particularly of gorillas, 
chimpanzees, and even baboons, have made it clear that not all p ri­
mates are territorial in the sense of possessing and defending a de­
limited area. Indeed, Morris has asserted flatly that primates are not 
typically territorial animals.2 T he exception, in his view, is man the 
carnivore who, unlike some of his meandering, frugivorous cousins 
back in the forest, hunted in male packs, defended group territories 
against aggressive neighbours and, w ithin the hunting domain, estab­
lished individual home bases for pair-bonded breeding units. Change a 
word here and there and, as Morris sees it, this is pretty much the 
situation in  the Western world today. M an acquired territoriality 
along with carnivorousness, and both have persisted as parts of his 
biological heritage.

An obstacle to Morris’s view is the growing body of data indicating 
that contemporary hunter-gatherers have flexible, open territorial 
arrangements comparable with those of forest-clwelling primates. 
T here seem to be good ecological reasons why groups of hunter- 
gatherers should behave hospitably to each other or avoid each other, 
rather than fight over each other’s territory. And indeed reports in the 
ethnographic literature of territorial struggles between hunter- 
gatherer groups are extremely rare. We might infer, therefore, that 
palaeolithic man was, from the point of view of territoriality, a typical 
rather than an exceptional primate. T he question would then arise 
in what sense territoriality as manifested in civilised man is to be 
understood at all as a biological phenomenon.

Dominance relations are a regular feature of primate life, though 
it is perhaps only in the ground-living baboons and macaques that
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hierarchy is a central organising principle. Ardrey and recently Morris 
both account for hum an dominance orders in phylogenetic terms. But 
again hunter-gatherer society appears to be a stumbling-block. T ypi­
cally it is egalitarian rather than hierarchic. Among Australian Abor­
igines, for instance, there is a deeply-felt ideology that one man is as 
good as any other, and European administrators have regularly been 
frustrated in their attempts to develop a hierarchy within the local 
community. Morris suggests that dominance strivings may have become 
muted in  early hum an society by the necessity for co-operation within 
the male hunting band, but before such a view could be accepted it 
would have to be demonstrated that palaeolithic man did characteris­
tically hunt in organised bands. As often as not among contemporary 
hunter-gatherers, men hunt individually. Moreover, it is not clear in 
what respect an egalitarian band would be a more efficient hunting 
unit than a hierarchical one.

I have used the word ‘egalitarian’ to refer to hunter-gatherer society, 
but it is not a good term and should not be taken literally. Women 
and children, for instance, are subordinate to men, and commonly 
m ature men are superordinate to youths. But formal hierarchies of 
individual males are a feature of sedentary communities, not of 
nomadic bands fluctuating in size and membership.

Dr Barnes has reminded us that, for at least 99 per cent of m an’s 
history, he has been a hunter-gatherer. This means that for the bulk 
of his time he has been a creature with plenty of elbow room, in two 
respects. First, on the great expanding frontier of hum an population 
it was possible for individuals to pack up and move on, though what 
kinds of pressure prompted what kinds of individuals to forsake their 
home range and begin afresh remains a m atter for speculation. Second, 
even within a home range it was probably common for people to vary 
their associations considerably and to move about freely. This was 
certainly the case among Australian Aborigines. And here I should 
say in passing that the alleged ‘walkabout’ instinct is, in my view, 
largely a desire to slip away, temporarily at least, from the weight of 
white authority.

It should be clear that I support Dr Barnes’s statements about the 
relative unimportance of territoriality and hierarchy in palaeolithic 
man. I have no means of judging, however, to what extent territorial 
and dominance behaviour in civilised man are culturally-conditioned 
or to what extent they represent a reactivation of long-dormant bio­
logical forces. Some years ago my colleague, Derek Freeman, remarked 
to me that the study of monkeys and apes in artificially-confined zoo 
conditions is in some respects of more relevance to an understanding 
of man than are studies made in the wild. Man, in other words, has 
more in common with caged apes than wild ones. An im portant 
im plication of Dr Barnes’s paper, it seems to me, is that the period 
of hum an captivity began some 10,000 years ago when man shackled 
himself with crops and herds.

1 R. Ardrey, African Genesis, London, 1961, Collins, 37.
2 D. Morris, The Naked Ape, London, 1967, Jonathan Cape, 30.
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r ic h a r d  e . BARWiCK Dr Barnes has presented us with a very compre­
hensive and complete assessment of the major features of the biology 
of palaeolithic man. This symposium, concerned as it is with the 
effects of settled and agricultural society upon the biology of man, and 
our ability to assess the impact of civilisation, rests upon our recog­
nition and understanding of the basic biological properties of man. 
Dr Barnes has very properly emphasised the extremely long period 
of man’s palaeolithic existence, compared with the brief explosive 
manifestation of agricultural and industrial man.

From the zoologist’s point of view, in man’s lack of biological 
specialisation lie many clues to his biological success if we measure 
this in terms of ‘the standing crop’ or ‘biomass’ of the ecologist. His 
comparatively large size, as mammals go, removed him as a potential 
prey item for all carnivorous birds, reptiles, and mammals with the 
exception of the big cats and dogs hunting in packs. It also allowed 
him to utilise, without restrictive specialisation, the entire range of 
food size, and through the use of simple tools to extend the range of 
items to include otherwise unobtainable plant and animal foods. Thus 
we have an animal with an enormously broadened scale of food size 
and with a diet that includes a surprisingly large proportion of the 
total food resources of the terrestrial environment.

As most of us would agree, arguments of the ‘nature-nurture’ variety 
should be avoided here. The biological basis of many human traits 
extends well into the past. Beach1 has pointed out that there is a pro­
gressive emancipation of sexuality from hormonal control running 
through the primate order, and this appears to be paralleled by a pro­
gressive development from promiscuous mating to the formation of 
relatively long-lasting heterosexual partnerships between specific 
animals. The persistent interplay of traits inherited from man’s sub­
human primate past and the increased flexibility of his behaviour pro­
vided by his human brain has been properly stressed by Dr Barnes 
throughout her paper.

Some anthropological studies have attempted to relate human be­
havioural patterns to biological adaptation, and to explain the distri­
bution of particular traits in human populations on the basis of their 
adaptive significance. One can briefly instance post-partum sexual 
taboos and late weaning of infants commonly occurring in tropical 
areas, and the early weaning and short post partum sexual taboos 
common to temperate areas. Whiting2 has suggested a correlation of 
these behavioural patterns with tropical low-protein diet, and the 
protection against protein malnutrition offered to infants by late 
weaning. Similar arguments have been advanced regarding the eating 
of wild or domestic animals which have died from natural causes. 
Societies either taboo such foods or permit their use. The gain in 
terms of dietary protein must be balanced against possible harmful 
effects from disease transmitted from animal to man.

For the zoologist, man’s relationship with other animals is of inter­
est. Dr Barnes has not mentioned the domestication of other animals, 
which we usually associate with the neolithic peoples, as the first step 
to animal husbandry. Whether it occurred once or several times, the
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domestication of the dog must have taken place early in the sequence. 
T hus the hunter-gatherer adopted a powerful ally in the hunt (many 
modern breeds whose origins are known were evolved for hunting 
purposes). At the same time, the dog is the one other terrestrial mam­
mal which hunts co-operatively, and one which competed directly 
with the hum an hunter.

Bartholomew and Birdsell3 have stressed two major ecological points 
with regard to pre-agricultural man. Firstly, that ‘the basic problem of 
hum an behaviour, like the behaviour of other animals, is the obtain­
ing of food, for the hum an body requires a continuous input of energy, 
both for maintenance and propagation’. T he second point relates to 
one of the prime concerns of the ecologist—the size, structure, and den­
sity of hum an pre-agricultural popidations. T he population density 
of animals is normally in a complexly maintained equilibrium , de­
pendent in the case of man upon environmental, behavioural, and 
cultural forces. All animal popidations depend upon the 1 per cent of 
incident solar energy which plants are able to capture, and there is 
continuous competition among them for this 1 per cent. Individual 
competitive success can be measured in terms of metabolism and the 
success of a population as the product of population density times 
individual metabolism. Comparatively few attempts have been made 
to measure the competitive success of hunter-gatherer societies. Pear­
son4 provided data for a comparison of Indians of the north-eastern 
United States with other animals of the area. Indians had less meta­
bolic impact than deer, and about the same impact as long-tailed 
shrews. Whatever the absolute validity of such figures they do indi­
cate that the environmental impact in metabolic terms of pre-agricul­
tural man was at least in the same order as that of other animals.

Food-gatherer and hunter had access to the widest range of environ­
ments. T he populations were never large, but as Deevey5 has esti­
mated the upper palaeolithic and mesolithic populations of man 
totalled about 5 million, an average of -04 persons per sq kilometre 
( T  person per sq mile of land). W ith the agricultural revolution, 
population moved up two orders of magnitude to a new plateau; to an 
average of 1 person per sq kilometre, 8,000 years later. T he increase 
over the last 300 years is a sixfold one, and now there is an excess of 
20-5 persons per sq kilometre.

Deevey also estimates that there were 36 billion palaeolithic hunters 
and gatherers including the first tool-using hominids; another 30 bil­
lion may have walked the earth before the invention of agriculture. 
A cumulative total of about 110 billion individuals have passed their 
days on the earth. As he comments:

‘N either for our understanding of culture nor in terms of m an’s 
impact upon the land is it a negligible consideration that the patch of 
ground allotted to every person now alive may have been the lifetime 
habitat of 40 predecessors.’

Biological adaptability notwithstanding, cultural adaptability often 
led to technological solutions which were perfectly fitted to the
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societies’ needs in particular environmental situations. As an example, 
the birch-bark canoes of the Cree Indians, hunters and gatherers of 
northern Canada, were the most efficient transport solution in this 
well watered country, but such an invention did not have the techno­
logical potential of the wheel, and was a sort of cultural dead end. 
And again, such inventions as the wheel may not be effectively utilised; 
the wheel was independently invented by the Indians of Middle 
America, but was used only on children’s toys, for these irrigation 
communities already had a slave labour force which was effectively 
used to carry burdens on their roads and there were no native mam­
mals suitable for domestication as draft animals.

T he  paradox is that the rapidity of cultural change keeps be­
havioural outcomes continuously off balance. These outcomes are 
unbalanced further by radical changes in the environment, them ­
selves brought about by the results of hum an behaviour.

1 F. A. Beach, Sex and Behavior, New York, 1965, Wiley.
2 J. Whiting, ‘Effects of Climate on Certain Cultural Practices’ in Explorations 

in Cultural Anthropology: Essays in Honor of G. P. Murdock, W. Goodenough 
(ed.), New York, 1964, McGraw-Hill, 511-44.

3 G. A. Bartholomew and J. B. Birdsell, ‘Ecology and the Protohominids’, 
American Anthropologist, 55, 1953, 481-98.

4 O. P. Pearson, ‘Metabolism and Bio-energetics', Sei. Monthly, 66, 1948, 131-4.
5 E. S. Deevey, ‘The Human Population’, Scient.Am., 203, I960, 194-204.

r . s t o r y  I intend speaking on some controversial things, on some 
m aterial that Dr Barnes probably has not had access to, and on some 
of the things in her paper, and shall begin by saying a little more on 
what she has said about the nuts used by the Bushmen in South West 
Africa. T he tree in question is very likely to be Ricinodendron ; sturdy, 
squat, and branching from the base. W here the stems join at the bot­
tom, they have the habit of rotting away to form an underground 
hollow that is a natural reservoir for rain  water, which trickles down 
from the branches and stems during the rainy season. For the Bushmen 
this ensures a supply of food and drink of a quality that we ourselves, 
well fed as we are, would not be scornful of. But although the Bush­
men have a sound argument when they say ‘Why should we plant 
when there are so many of these nuts around?’, they are unsound in 
respect of something equally vital. In  contrast to the food supply, the 
water supply is limited—the reservoirs operate at about half capacity 
because of wind-blown sand, the result being that the Bushmen are 
out of water long before the nuts are exhausted. T he difficulty could 
be corrected by a few m inutes’ communal work in scooping out the 
sand. T h at it is not, indicates the idleness and improvidence that are 
familiar in our own society. It may indicate also that the Bushman 
attitude towards planting could stem from the same two causes rather 
than from wisdom.

Dr Barnes has quoted someone’s theory that the switch from gather­
ing to hunting would have been accompanied by an increase in the 
efficiency of hand/eye co-ordination and visual acuity and hearing. 
However, it is an education in  the use of sharp vision to go out with 
a band of foraging Bushmen. They miss nothing, including under-
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ground vegetables betrayed by cracks in the ground or by tiny and in­
conspicuous scraps of tissue on the surface. In view of the Bushman 
skill in foraging, it seems doubtful if we can correlate hunting -with 
increased visual acuity, because for the gatherer also it is perhaps 
equally important to have very good eyesight indeed. It would on the 
other hand be reasonable to suppose that the sense of smell would in­
crease with the switch from gathering to hunting, for it is a tremendous 
advantage for a hunting animal to perceive the hunted without in 
turn being perceived. Yet we, who have gone through the hunting 
phase, or rather are still in it, have a notoriously poor sense of smell. 
Colour vision may not always be a help. It sometimes happens, when 
one is working with aerial photography and using colour and black 
and white film for the same area, that the contrast in black and white 
is a good deal better than in colour, where there are not two main 
subdivisions but a large variety, in which slight gradations are liable 
to confuse one. To sum up, it may be a rather hasty conclusion that 
an increase in the complexity of living necessarily gives rise to an 
increase in perceptivity.

I may add a little too to the question of the extrovert and his use 
of nicotine. If one offers a cigarette to monkeys or baboons in cap­
tivity, one will find that they will peel the paper off and eat the 
tobacco; and as far as psychological make-up is concerned, the 
monkeys’ cage is the place to go if one is looking for extroverts. The 
Bushmen have a similar craving. Those in the more remote parts are 
not habitual users, for they see tobacco only in their rare contacts 
with the Bantu. Yet they are extravagantly eager to obtain it, and 
immoderate in its use when they do, to the point of being rendered 
unconscious by the continual inhaling. There are evidently good 
grounds for the suspicion that has been expressed of a very deep- 
seated and primitive need for something contained in tobacco, 
whether lighted or not.

Although I never saw the Bushmen involved in any fights, Dr 
Barnes is still not quite correct in saying that they are called ‘the harm­
less people’. That is what they call themselves, which may be a very 
different matter, and in fact there are references to violence among the 
Bushmen in Bleek’s Bushman Folklore. As to hazards, the Bushmen 
wre were in contact with were in a remote area of big game in its 
natural state, but there was a kind of armed neutrality between them 
and the predators. Except very rarely, the lions and the Bushmen do 
not molest one another, and even small children wander freely with 
little danger except from snakes. The hazards come more from the lack 
of medical attention, otherwise I do not think they are higher than 
those we encounter in our modern form of life.
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Discussion
Barnes Yes, I agree that the Kalahari Bushmen call themselves ‘tire 
harmless people’—but I think that observation of them has indicated 
that this is a fairly reasonable epithet worthy of being perpetuated in 
the literature.

T urn ing  to the problems of visual acuity and sense of smell, I would 
agree that gathering in a harsh environment, such as the Kalahari 
desert, requires good long distance vision. It is an advantage for women 
as well as for men—and could be selected for in both sexes. T he com­
parison I was thinking of was with the forest dwelling fruit, leaf, and 
p ith  eaters such as the chimpanzee. Investigations in laboratory ani­
mals of this species have shown a tendency to myopia. As for sm ell- 
most carnivorous mammals do h un t by smell, but I think that when 
our ancestors took to hunting they were already so far advanced along 
the primate pathway where vision is the dom inant sense and smell a 
subordinate sense, that they became this mammalian oddity—a carni­
vore hunting by sight not smell! 1

i B. G. Campbell, Human Evolution, Chicago, 1966, Aldine, 294.

Mims I was interested when Dr Barnes referred to the taboos on incest 
in man. As far as I know there is no such thing in animals, but this 
could be simply because they have not been studied adequately. For 
the taboo to work, of course, one has to be able to recognise one’s own 
kin at sexual maturity.

mcbride I would like to comment on this question of the incest 
taboo, which is often alleged not to occur in  animals. T he point is 
that not many species retain their offspring after sexual maturity, and 
therefore the question of incest taboo rarely arises. Those that do 
retain their offspring until a stage when they reach sexual maturity, 
usually have some mechanism for inhibiting its onset. T he kookaburra 
retains its offspring, and so also, it is alleged, does the wolf; and in 
these cases there is an organically controlled mechanism to limit incest 
by the suppression of sexual m aturity by the parents.

I would like to make another comment about this use of the word 
‘territoriality’. It is a hopeless word, and it is bandied around in all 
sorts of situations. I don’t like it. But it does describe one category of 
spacing phenomena. T he im portant issue seems to be that animals do 
space themselves. They space themselves characteristically in a num ­
ber of ways. Spacing merely says that animals m aintain areas around 
them free of conspecifics of one form or another, perhaps just males 
or perhaps other females. Now if animals do this, they can do so by 
attaching to fixed space and keeping other individuals off the fixed 
space. This is an additional part of the spacing mechanism. W hen this 
occurs we have one of the very many forms that we can observe of 
territoriality. Territoriality is not a phenomenon, it is a whole class of 
behaviours. But animals space in other ways. They may move over 
home ranges, perhaps remain solitary—this means that there are mech­
anisms for preventing them from coming into contact with one
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another. This one can observe if one watches home ranging animals 
when they do, in fact, become close. They defend a portable area, a 
portable spacing area as they move around a home range, so remaining 
in isolation.

Now, once we say that animals control a certain amount of space 
we immediately raise the point of dominance, because dominance or 
submission cannot be considered without some space. An animal is 
not a stimulus to aggression if it is at a certain distance or on a certain 
piece of land. If another animal comes within that area then dom in­
ance would be expressed, and submission on a territorial system is 
merely flight to the boundary of that territory, or in the home ranging 
system it is flight to the distance of the personal sphere. We do not 
know whether the home ranging animals are open systems, we do not 
know whether if you poke a new animal from fifty miles away into this 
system it will merely be able to move around on a home ranging sys­
tem. This is particularly relevant in the animals like the chimpanzees 
which are home ranging small groups of males and females which 
occasionally aggregate and disperse and form other aggregates and 
disperse. We accept that these are open among the animals that they 
will normally meet on a common home range—but we do not know 
what would happen if we moved another animal from fifty miles away 
into this area. Now, even in groups there is spacing behaviour, and this 
again is an expression of dominance. An animal cannot move into the 
immediate vicinity of a dom inant individual but a dom inant indi­
vidual can control the movement of a subordinate within the group, 
by merely getting it to avoid or submit by moving away.

f r e e m a n  I happen to have with me a recently published paper by 
Dr Donald S. Sade, of Northwestern University . 1 I t reports the dis­
covery of an inhibition of m ating between son and m other in a species 
of non-human prim ate (Macaco, mulatta),  this inhibition being associ­
ated with the dominance of the mother over her male offspring in 
the course of ontogeny. This discovery has, it is plain, im portant im pli­
cations for hypotheses as to the origin of incest prohibitions in hum an 
societies.

1 D. S. Sade, ‘Inh ib ition  of Son-M other M ating among Free-ranging Rhesus 
Monkeys’ in Science and Psychoanalysis, 12, New York, 1968, G rune and S tratton, 
18-38.
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The most characteristic differences between men and other primates 
are associated with the increase in human brain size and the develop­
ment of mental abilities that go with this increase. It is appropriate 
therefore to show the rate at which the human species has been evolv­
ing in terms of changes in cranial capacity and the appearance of new 
skills. Table 2:1, which is taken mostly from Dobzhansky’s book Man­
kind Evolving,l shows in outline how much time has elapsed between 
different stages in human evolution. It is set out in years and in genera­
tions. The number of generations is calculated on the assumption that 
the generation length 1,000,000 years ago was about 20 years and rose 
slowly to perhaps 35 years by the nineteenth century and is now slip­
ping back again as the age at which women have their children is re­
duced. The average age of the mothers of children born in Finland in 
a given calendar year was just under 27 years in 1965, in 1890 it was 
30-9 and in 1878 it was 33-7.

Table 2:1

Generation intervals between the appearance of different human skills

Y ears  p r io r S p e c ie s  fo u n d S k ills
C ra n ia l
c a p a c ity
c c

G e n e ra tio n s  
p r io r  to  1 9 6 5

1 .0 0 0 .0 0 0 A u s tra lo p ith e c u s P e b b le  to o ls 4 5 0 - 5 0 0 5 0 .0 0 0

5 0 0 .0 0 0 Homo erectus
J a v a
P e k in g

T o o ls  
T o o ls ,  f ire

7 7 0 - 1 0 0 0 /
9 0 0 - 1 2 0 0 / 2 5 ,0 0 0

7 5 ,0 0 0 Homo sapiens 
N e a n d e r th a l T o o ls ,  f ire , 

s k in s , b u r ia l 1 3 0 0 -1 4 2 5 2 ,5 0 0

4 0 ,0 0 0 S a p ie n s T o o ls ,  f ire , 
s k in s , b u r ia l,  
a rts 1 2 0 0 -1 5 0 0 1 .3 0 0

About 50,000 generations ago there lived an animal, Australopithe­
cus, not quite human according to some authorities, with a brain 
which was small by modern standards; he walked upright and made 
simple tools. Twenty-five thousand generations later, an animal could
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be found whose brain size was double that of Australopithecus and 
who was making simple tools and using fire. After a further 22,500 
generations human brain size was almost treble that of Australopithe­
cus, and the preparation of skins and burial of the dead had been 
added to the list of his accomplishments. Twelve hundred generations 
later, that is 1,300 generations ago, modern man had appeared with­
out further change in brain size but with the addition of the practice 
of art to his list of accomplishments. From then on, civilisation has 
emerged at lightning speed, but I think there is no reason to believe 
that there has been any acceleration in man’s physical evolution or 
indeed any great change in his intellectual capacity. Going back two 
or three thousand years we find people like Archimedes, who would 
have been a first-class scientist today, and Pythagoras, who must be 
rated by modern standards as a first-rate mathematician, and the poets 
and dramatists of those times who are still read and performed today. 
Looking back from these people of 100 generations ago whom we 
know, to those we do not know who invented metallurgy, the wheel, 
numbers and the alphabet, who built Stonehenge, tamed animals, 
domesticated plants, and learnt to brew, and even to those who learnt 
to use fire in the days before modern man, we cannot suppose the 
human species has changed much in innate abilities over the past 500 
generations and only a little, if at all, over the whole 1,300 generations 
of modern man’s known existence. Though his cultural evolution has 
been explosively fast over the past 400 generations, all the evidence 
suggests that the pace of his organic evolution is much what it was 
50,000 generations ago and certainly no faster. It might even have 
slowed down a little to approach the rate of advance in the horse 
which has taken some 3,000,000 generations to get from Merichypus 
to where it is now.

There are nevertheless different sorts of changes which may be going 
on, some on quite a short time scale. The following are the sorts of 
changes which may be taking place:

1. Slow long-term trends which confer on individuals new proper­
ties of advantage in most or all environments. The increase in brain 
size is an example. The increase referred to is that of the ceiebral 
hemisphere, which is associated with increasing mental ability in pri­
mates, and is correlated with increase in cranial capacity.

2. Shorter-term trends due to strong selection pressures of relatively 
short duration brought about by changing environmental conditions 
such as the appearance of a new disease, the discovery of a new way 
of life, or the introduction of a new component to the diet.

3. Trends due to changes in selection pressures which upset pre­
existing equilibria. Gene frequencies that are no longer at equilibrium 
levels will move towards the new equilibrium level

(a) by mutation alone if the genetic variations in the character 
concerned are neutral

(b) by selection if there is a selection differential.
4. Immigration and mixing of populations. This is undoubtedly
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im portant but can be regarded as an upheaval which resets a starting 
point from which the other three take off.

There is little to be said about the slow long-term trends. If we take 
brain size as an example, we can guess at the sort of pressures at work 
from the changes that have taken place by making a couple of 
assumptions. In  50,000 generations cranial capacity has gone from 
475cc to l,400cc. Suppose that increase is proportional to size, that is 
to say, the coefficient of variation is roughly constant and increases are 
geometric; suppose that about half the variation in cranial capacity 
is genetic, that is, heritability is 50 per cent. T he increment each gen­
eration is by an amount a, so 475 X a50,000 =  14 00 and a =  1-00002, 
so selection differential must have been of the order of -00004 each 
generation. This means that the mean cranial capacity of people who 
became parents of one generation, weighted for the num ber of child­
ren they had, must have been about -019 cc larger than the average 
of the whole population at the beginning of the 50,000 generation 
period and about -056 cc in the recent past. In  a long-term trend of 
this sort a very small selection differential is at work. It is im portant 
to note that a vitally im portant evolutionary change such as increase 
in cranial capacity, which by evolutionary standards has been a fast 
change, would be utterly undetectable to us if it were going on today. 
T he past 1,300 generations might be expected to have added 40 cc 
to cranial capacity.

This can be contrasted with the sudden exposure of a population 
to a strong selection pressure like the arrival of the plague in Europe. 
This disease appears to have entered Europe in about 600 A.D. and to 
have left again in 1700 A.D. We can take it that the European popula­
tion was fairly thoroughly, though not universally, exposed for about 
thirty-five generations. If we make the assumption that the ability of 
Europeans to survive the plague has been built up by selection and 
that a population exposed for the first time will be about as suscept­
ible as the Europeans of 600 A.D., we can make a guess at the intensity 
of selection the plague imposed and use it as a guide to the sort of 
selection pressure on a hum an population which can be considered 
fairly intense. Case mortalities all over the world lead one to expect 
35 per cent of Europeans infected to die of plague. On the other hand, 
case mortality in Hong Kong was over 90 per cent and in Bombay 
over 75 per cent where the disease struck populations never previously 
selected for resistance to plague. Suppose that thirty-five generations of 
selection has raised survival rate from 25 to 65 per cent. This is an in ­
crease of one standard deviation, or -03cr each generation. We have 
no guide to heritability in this case; by analogy with myxomatosis in 
rabbits it might be of the order of 30 per cent; if so, resistance of 
parents weighted for the num ber of their offspring would have had 
to be 0- ler better than the resistance of the population from which they 
were drawn. This compares with a change in brain size of -002 per 
cent in each generation in response to a selection differential of -004 
per cent. T he selection against people susceptible to plague is very 
much more intense. Even so thirty-five generations have not moved 
the mean resistance of the population by more than lcr. T hus a
D



30 THE IMPACT OF CIVILISATION ON THE BIOLOGY OF MAN

thousand years is the sort of time it will take to make a change equal 
to one standard deviation in a hum an trait when selection is fairly 
intense. T he standard deviation of I.Q. is about 15 units and it is 
extremely doubtful whether selection is strongly in favour of or 
against intelligence at the present time. It follows that in a thousand 
years’ time intelligence as measured by I.Q. will be within 2 or 3 
units up or down of what it is now, unless something drastic happens 
to alter the current position.

This brings us to consideration of gene equilibria and the ways they 
may be established. Civilisation must have imposed selective forces on 
the population not present before and must have relieved the popula­
tion from others which were m aintaining gene frequencies at a low 
equilibrium  level, thus upsetting the equilibrium  between m utation 
and selection which becomes established in a stable gene pool. Once 
a genotype has been established in a population as the best in the 
circumstances, m utation from it to anything else is almost certain to 
be bad. So long as the selection pressures which established the 
favoured genotype continue, deviations from it will be kept rare. 
They will either die before they breed, or fail by living shorter lives 
and having fewer offspring than the favoured types. So m utation is 
continually feeding into the population unsatisfactory types which 
selection then weeds out. T he balance point is reached when the 
number of new genes added to the gene pool by m utation in each 
generation equals the num ber eliminated by death and failure of those 
that carry these genes. This death and failure has been referred to as 
genetic load. So long as there is m utation, genetic load is inescapable. 
I have summarised the more drastic forms taken by genetic load in 
Table 2:2.

Table 2:2
Approxim ate number and type of loci responsible fo r genetic load

N u m b e r  o f  b i r t h s
C a u s a t iv e  g e n e t i c  a g e n t N u m b e r  o f  loc i  ( a p p r o x ) % o f  all b i r th s

S in g le  a u to s o m a l  re cess ive 3 0 0 - 1 7

S in g le  re cess ive  sex  l in k e d 8 0 - 0 4

S in g le  a u to s o m a l  d o m in a n t 1 1 5 0 - 6 0

G e n e t ic
p o s s ib l y  p o ly g e n i c ? 1 -6 6

G e n e t ic  s u s c e p t ib i l i t y  
p o s s ib l y  p o ly g e n i c ? 0 - 9 8

T he summary is taken from a report to the United Nations2 and is 
based on statistics collected in N orthern Ireland. I have taken several 
liberties with these. 1 have left out all conditions which I consider too 
mild to be a serious handicap. This reduces the incidence of auto­
somal dom inant abnormalities from 0-9555 to 0-60. It also reduces 
the incidence of autosomal recessive conditions a little but this reduc­
tion is more than made up for by including cystic fibrosis which the
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UN report omits but I include. I shall discuss this condition in detail 
later. In  addition, 1 have made an increase to the number of gene loci 
supposed to be involved. There are forty-nine recognisably different 
dom inant conditions and this is the minimum number of loci respon­
sible; but many syndromes studied by geneticists in organisms in 
which the appropriate tests can be made have proved to be arrived at 
by more than one route and if the m utation rate, assuming one locus 
only, seems very large, I am assuming that we are really dealing with 
two or more separate loci, each with the same phenotype. For ex­
ample, most dominants which appear to be single genes and whose 
m utation rate has been estimated, m utate from normal to the domi­
nant form at the rate of 2-5 X 10~5. M utation rates much greater than 
this are suspicious. Hydrocephaly of the internal obstructive type, 
which is quite lethal, has an incidence of 1-2 in 1,000 births. If a 
single gene were entirely responsible, the m utation rate to it would 
have to be of the order of 1 in 1,000 which is forty times the average 
rate. T here are, no doubt, a num ber of reasons why the condition is so 
frequent. One possibility is that several genes lead to the same end 
residt so that though, if we were to make assumptions about pene­
trance and fitness, the overall m utation rate might be as high as 1 in 
5,000, if we made the further assumption that there are 4 loci, the 
m utation rate at each locus would only be 1 in 20,000. This is adm it­
tedly quite arbitrary. I have assumed the forty-nine conditions are the 
result of m utation at 115 loci; I may be wrong; the number coidd not 
be less than forty-nine. One hundred and fifteen loci would have to 
m utate at the average rate of 1 /40,000 to be in equilibrium  with an 
average fitness of 0-25. T he frequency of living people with the forty- 
nine conditions I have included is 3-60 per thousand instead of 6-0 
per thousand as at birth, so allowing for a drop in fertility as well as 
the effect of this differential survival rate, 0-25 is not very far out. 
T he assumption of 30 loci for the twenty-six recessive conditions listed 
in the UN report is really more or less a rounding off operation. No 
individual recessive condition, with the exception of cystic fibrosis, 
was very frequent. I have taken the sex linked conditions as they 
stand. T here remains a majority of conditions with a genetic back­
ground that is not yet fully understood. Some of the conditions listed 
may turn  out to originate from m utation in a single autosomal gene, 
others to be polygenic; in either event I shall leave these two classes 
of conditions on one side.

Let us first consider what factors determine the frequency of con­
ditions brought about by the m utation of single major genes. There 
are two opposing forces, m utation and selection, whose balance deter­
mines the equilibrium  gene frequency. W hen the heterozygote has an 
advantage over both homozygotes we have a special kind of equilib­
rium. Equilibrium  is upset when selection forces or m utation rate 
change. T he new equilibrium  is achieved at a rate dependent on selec­
tion and mutation.

In  the absence of selection the only forces to be considered are 
those of opposing m utation. If we have a gene A m utating to a reces­
sive form a at the rate of ß  in  each generation and a m utating back
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to A at the rate of y, equilibrium  will be reached when the num ber 
of new As exactly equals the num ber of new as; we can write this 

ß
A I f  the frequency of A is 1 — q and a is q we can wTite 

7
(1 — q) /3 =  qy. In  the absence of selection, the frequency of A and a 
depends on the relative m utation rates. The time taken to reach equili­
brium  from a point of disturbed equilibrium  will also depend on 
m utation rate and on q and 1 — q; the rate of change in q diminishing 
as q and 1 — q approach equilibrium  values. T he order of magnitude 
of m utation rates in hum an genes is 2-5 X 10-5, so rates of change are 
very slow when only m utation is involved. Before converting these 
rates into terms of years or generations, let us see how selection adds 
to the picture. Suppose aa individuals die more readily and reproduce 
less readily than AA or Aa individuals and that for every one indi­
vidual passed into the next generation by AA or Aa parents, 1 — S 
are passed on by aa parents; at equilibrium  the num ber of a genes 
lost from the population due to death and failure to breed of aa must 
equal the number replaced by m utation. T he proportion of a genes 
lost is q 2S, in addition yq m utate to A. So (1 — q) ß  = qy +  q 2S. It 
is possible to simplify this for rare genes, such as lethals for which S is 1 
and all other genes with an S of more than 0-05, for (1 — q) is then 
sufficiently close to unity to be taken as such and q so small that qy 
can be ignored and ß  =  q2S becomes an approxim ation quite close 
enough for our purposes. Now ß  is 2-5 X 10-5 or 1/40,000 so q and q2 
can be estimated for genes that are lethals, S =  1, to genes that are 
mildly handicapped, S =  0-05, as in Table 2:3.

Table 2:3
Relationship b e tw een  strength  o f  se lect ion  and equilibrium g en e  frequency  
w h ere  th e  gen e  is a recess ive

s q2 q

1 1 / 40.000 1/200

0-8 1/ 32,000 1/179

0-6 1/ 24.000 1/155

0-5 1/ 20,000 1/141

0-4 1/ 16.000 1/126

0-2 1/ 8,000 1/89

0-1 1/ 4,000 1/63

0-05 1/ 2,000 1/45

T his table shows how powerful S is at fixing the equilibrium  value 
of q. Even a very mildly handicapped person with S =  0-05 will be 
rare, q being roughly 1 in 45 and q2, the frequency of the individuals 
themselves being of the order of 1 in 2000. T he value of q is roughly 
the proportion of heterozygotes; q has to be 1/10 before 1 per cent
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of the population are homozygous. To reach this value from q = 1 /200 
by mutation alone—ignoring back mutation and the slight shrinkage 
of (1 — q) and assuming mutation increases q at the rate of 
2-5 X 10-5 a generation—would take 38,000 generations, which is three 
quarters of the whole geological history to date of more or less human 
beings. So when civilisation makes it easier for poor recessive geno­
types to survive and finds ways of reducing the unfitness of some 
recessive genetic conditions, such as phenylpyruvic idiocy, which can 
be alleviated by feeding diets free of phenylalenine, we do not need to 
fear that a rapid increase in the frequency of the gene will follow. As 
long as there is any handicap, equilibrium frequency remains low. 
Incidence would reach as much as 1 per cent in a million years only 
when fitness really had been raised to unity—that is to say, once all 
handicaps were successfully removed—and if this could be done the 
character could not be considered harmful or objectionable any more.

Our first conclusion must be that fears, which are often expressed, 
that harmful effects to the genotype of the species will follow remedial 
measures taken by medicine against genetic abnormalities are ground­
less. Not only must the character treated be rendered harmless before 
equilibrium gene frequencies change very far, but the rate at which 
equilibrium gene frequency is reached is very slow. Our type, let 
alone our species, has not lived long enough for such an effect to have 
been noticeable even had our remote ancestors been practising modern 
medicine 1,000,000 years ago. Of course, remedial action does mean 
work by society. The death and failure of the genetically unfit—the 
genetic load—is converted into a social load and if society cannot bear 
the load it will not and some genetic load will remain, keeping gene 
frequency low by a continuous death and failure of some fraction of 
the homozygotes. The only real danger to the species is that it will 
build up too big a social load which, though easily tolerable in normal 
times, renders the species brittle and susceptible to any sudden change 
which might disrupt the organisation and smooth functioning of 
society.

The table does not show the effect of mutation rate on the equili­
brium value of q2. The equilibrium value of q2 is in fact exactly pro­
portional to mutation rate. Any major increases in mutation rate would 
simultaneously raise the equilibrium frequency of all recessive condi­
tions. It would take a long time to reach the new equilibrium by 
mutation, but as mutation itself would have increased, not so long as 
at the old rate. It would be easy by careless use of radiation to multi­
ply mutation rate by tenfold. This would have a dramatic effect in 
due course. But its most dramatic effect would be on dominant muta­
tions.

If A' is dominant to A and lethal in homozygous condition, every 
mutant is obvious in heterozygous condition and if fitness is 1 — S, 
and there are 2q heterozygotes, Sq mutant genes are lost each genera­
tion, so to a first approximation p, = qS. If S runs from completely 
lethal to mildly handicapped we have Table 2:4, where p. = 2-5 X 
10~ 5 :
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Table 2:4

Relationship between strength of selection and equilibrium  gene 
frequency w here the gene is a dom inant

s q H e te ro z y g o te s

1 -0 1/ 40,000 1/ 20,000

0-8 1/ 32,000 1/ 16,000

0-6 1/ 24,000 1/ 12,000

0-5 1/ 20,000 1/ 10,000

0-4 1/ 16,000 1/ 8,000

0-2 1/ 8.000 1/ 4,000
0-1 1/ 4,000 1/ 2,000

0-05 1/ 2.000 1/ 1,000

Once more i t  is no ticeable  how  p o w e rfu l S is. W ith  a fitness o f 95
per cent e q u ilib r iu m  gene frequency is 1/2,000 and 1/1,000 people 
w il l  suffer; to  reach a frequency o f 1 /2,000 fro m  the one in  balance 
w ith  S =  1, m u ta tio n  w o u ld  have to add m u ta n t genes to ta ll in g

19 1
T(-)~Ooo> an<^ at t îe  ra te  jQ qqq a generation, assuming th is  co idd  be

kep t up, i t  w o id d  take n ineteen generations. W h a t happens to  d o m in ­
ants is very m uch nearer the surface; the e q u ilib r iu m  values o f q are 
sm aller and so m u ta tio n  reaches e q u ilib r iu m  faster—even so tw enty 
generations (o r 600 years) is q u ite  a long  tim e. W h a t is im p o rta n t is 
th a t i f  [x is doub led  over the w hole  genotype i t  takes a very short tim e 
to  reach the new e q u ilib r iu m  level; i f  S is on average -5 i t  w o id d  take 
no t m uch m ore th a n  fo u r generations to a tta in  the new e q u ilib r iu m ; 
a t th is  p o in t the frequency o f d o m in a n t abno rm a lities  at b ir th  w ou ld  
be 12 per 1,000 and n o t 6-0. So m u ta tio n  rate is o f im m ed ia te  im p o r t­
ance to us, absence o f selection against dele terious genes a rem ote 
danger. I t  fo llow s th a t care shou ld  be taken no t to increase m u ta tio n  
rate, and e ffo rt expended on a m e lio ra tin g  the c o n d itio n  o f the geneti­
ca lly  handicapped.

A n  in te res ting  feature o f T a b le  2:2 is the frecpiency o f heterozygotes. 
For recessive le tha ls  i t  is 1 /200; fo r m ild ly  disadvantageous cond itions  
i t  is 1 /45  so the frequency o f marriages between lik e  heterozygotes w il l  
be very small. T h e  U n ite d  N a tions  re p o rt2 fro m  w h ich  I have taken 
m y figures lists some th ir ty  cond itions  as m ak ing  up  the 0-1 per cent 
o f b ir th s  abnorm al because o f a homozygous recessive gene in  N o rth e rn  
Ire la n d . T h e  to ta l o f marriages lia b le  to produce abno rm a l people of 
th is  k in d  is abou t 1 /250; the average is 1 /7,500 fo r each locus. I f  a ll 
heterozygotes cou ld  be detected, couples o f lik e  heterozygosity cou ld  
be w arned o f the risk  o f hav ing  ch ild ren . I f  even a sm all fra c tio n  o f 
heterozygotes re fra ined , o r i f  a num ber cou ld  be persuaded to have 
o n ly  one or at most two, a pressure m uch greater than  any pressure 
selection against homozygotes can generate w o u ld  be im posed on each
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gene and its frequency would begin to drop to a much lower equilib­
rium  frequency. If a large percentage could be persuaded either to 
refrain from having children or to marry someone else the actual 
incidence of abnormal births could be lowered too.

T he chance of spotting heterozygotes is very good indeed. New 
techniques still have to be evolved and current ones applied but in the 
normal course of events it is only effort and money which stand in the 
way of identification of heterozygotes. I believe that the time will come 
when all children born will be screened for the presence in heterozy­
gous state of whatever happen to be the thirty or forty im portant re- 
cessives and the sixty or eighty im portant dominants. Already many 
hospitals make a routine check on all infants to see if they are homozy­
gous for phenylpyruvic idiocy. This is done because if homozygous 
phenylpyruvic idiots are pu t on to a diet free of phenylalanine soon 
enough, brain damage can be avoided, but if feeding of the diet is too 
much delayed, permanent brain damage is done and the diet is only 
partly successful. Once laboratories are set up for making this sort of 
check, it will require little extra work and few extra facilities to screen 
for the rest, particularly if the tests can be automated.

Dominants are immediately obvious and no doubt part of their 
unfitness is due to the unwillingness of people suffering dom inant 
disabilities to pass these on to their children. Assuming an overall 
frequency of 0-6 in a hundred there are only 1 -2 per cent of marriages 
affected even if all marry and it should not be hard to persuade a suffi­
cient num ber that their condition is heritable and that they should 
not have children to keep S high and frequency low. Of course these 
people themselves know what the subjective handicap is and are in 
the best position to judge whether they should risk having children 
who will suffer as they suffer. I t should only be necessary to tell them 
of the risk.

In  addition to the balance between selection and m utation, equilib­
rium  gene frequencies are set up when the heterozygote Aa is fitter 
than either homozygote. T here are some good examples of this sort 
of equilibrium  in man, the classic being the gene for thalassaemia, 
lethal in homozygous condition, but highly resistant to malaria in 
heterozygous condition and common in those populations in Europe 
in which malaria is—or was until recently—endemic. In  general, if S 
is the fitness of one homozygote, the frequency of whose gene is q, and 
t the fitness of the other, the frequency of whose gene is (1 — q), and 
the fitness of the heterozygote is 1

S =  -----(0  ^  - (1-----1 anci when t is 0
q

S =  ^ L 1
q

It is tempting to explain every excess of heterozygotes beyond what 
one would expect from the num ber of homozygotes as due to hybrid 
vigour. But there are at least two other explanations possible. The 
first is that mating is not at random. T he expectation that heterozy-
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gotes will appear with a frequency 2q (1 — q) only holds for random 
mating. As by custom and law the hum an species is largely outbred, 
one can expect a small excess of heterozygotes. But more probably 
where the discrepancy is large, one may find that q is out of balance 
with S. W hen selection is suddenly imposed upon a recessive gene, it 
sets a new equilibrium  frequency for the gene whose frequency will 
start to decline but will not reach equilibrium  at once and may not 
have reached the new equilibrium  point at the time of investigation. 
Although the homozygotes have suddenly become unfit, possibly 
lethal, their incidence will still be frequent—far too frequent to be in 
balance with anything but an enormous m utation rate—because the 
number of heterozygotes has not as yet fallen to the proper equilib­
rium  level. I suggest, and this is speculation, that cystic fibrosis may be 
a case in point. Dr N aughton has suggested that cystic fibrosis may be 
due to a failure of the mechanism which pumps salts back out of cer­
tain secretions. He bases his suggestion on the fact that the sweat of 
patients is five times as high in salt as the sweat of normal people, 
and that a characteristic of patients is the rapid crystallising of mucus 
in the ducts of secreting glands. W hen a salivary duct is canulated in 
a patient the mucus from it rapidly turns cloudy, whereas the mucus 
from the duct of normal people does not. It does in normal people, 
however, if a few parts per million of zinc, making the total about 
6 ppm, is added; as patients are not removing salts from their secre­
tions, the zinc content may well be up along with other salts and may 
be up enough to turn  the mucus cloudy. Now if zinc is implicated, it 
is possible that at some time during the last 200 years the gene for 
cystic fibrosis has become much more dangerous than it was. About 
200 years ago the process of galvanising iron was invented. Galvanised 
iron is iron covered with a layer of zinc and is used in roofing and 
guttering, water tanks and water pipes, feeding troughs, fencing wire, 
watering cans and so on to an extent which may conceivably have in­
creased the zinc content in food and water to the point where people’s 
blood content is one or two parts per m illion more than it was 200 
years ago. T he frequency of cystic fibrosis which is quite lethal is 
•0006 and at a m utation rate of 2-5 X 10~5 would be in equilibrium  
with a fitness of just over 95 per cent. This suggests the possibility that 
its lethality was only recently acquired and it is not yet at the new 
equilibrium  frequency, in which case the use of zinc may be the 
basic cause. If this story is anything like correct, a judicious use of a 
chaelating agent might work wonders. In  fact acetylcystine, which does 
help when inhaled, does chaelate zinc.

T here is no reason to suppose that this is the only example of an 
environmental change turning a neutral gene into a lethal one. In ­
deed it is possible that kuru is one. W henever a gene appears too 
frequent for a reasonable m utation rate the possibility that some new 
environmental agent has recently made it lethal shorfid be looked 
into.

Tables 2:5 and 2:6 show how fast single genes respond to selection 
of different strengths at different frequencies. T he im portant point 
is that dominants respond fast even at quite low frequencies. But at
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Table 2:5
Rate of change in gene frequency at d iffe ren t selection intensities and at 
d iffe ren t gene frequencies (recessive)

S

q
1 -2 1 -4 1 -6 1 -8 2

•5 •05 •1 •15 •20 •25

•1 •002 •004 •006 •008 •01

•05 •0005 •001 •0015 •002 •0025

•02 •00008 •00016 •00024 •00032 •0004

•005 •000005 •00001 •000015 •00002 •000025

Table 2:6
Rate of change in gene frequency at d iffe ren t selection intensities and at 
d iffe ren t gene frequencies (dom inant)

S

q

1 -2 1 -4 1 -6 1 -8 2

•5 •09 •17 •23 •29 •33

•1 •018 •028 •057 •074 •091

•05 •0099 •0197 •0291 •0384 ■0476

•02 •004 •008 •0119 •0158 •096

•005 •001 •002 •003 •004 ■005

•000025 •000005 •00001 •000015 •00002 •000025

very low frequency even dominants increase slowly. A dominant with 
a mutation rate of 2-5 X 10-5 would have a frequency of -000025 and 
increase at the rate of -000025 a generation if it suddenly became 
twice as fit as the normal gene; this is very nearly doubling the gene 
frequency each generation, at which rate of increase frequency would 
reach nearly -05 in twelve generations. A recessive lethal which 
acquired a fitness of 2 would start with a gene frequency of -005 and 
increase it initially at the rate of -000025 a generation. Increase in 
frequency of a recessive is proportional to the square of frequency 
and it would take more than twelve generations to increase frequency 
from -005 to -0054. So selection of a powerful kind will increase gene 
frequency fast if the gene is dominant at all frequencies, but only 
slowly if the gene is a recessive unless it is reasonably frequent already, 
say between -05 and 0-1. But even with selection operating in condi­
tions leading to rapid change, we are concerned with change of gene 
frequency of 1 or 2 per cent in centuries.

The most dangerous possibility from the eugenists’ point of view 
is that a hereditary condition which is socially unwanted, and kept in
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check by selection because biologically disadvantageous as well, may 
lose its biological disadvantage and become biologically advantageous 
without losing its social disadvantages. Intelligence has been claimed 
to be such a character. H ie  argument is that life is now so much easier 
than it was, that the unintelligent can cope and survive and that 
under these protective conditions their fertility is greater than that of 
the intelligent. Presumably in the past, unintelligent people found it 
hard to get a living or communities of high average intelligence were 
able to replace peoples of lower intelligence and so intelligence was 
built up. Nowadays, it is said that selection favours deterioration of 
intelligence. T he reasons for believing this are that large families of 
brothers and sisters are less intelligent on average than small ones; 
people in positions one is accustomed to regard as occupied by the 
intelligent on the whole have smaller families than people in less de­
m anding positions.

I am not convinced by this line of argument. We do not yet know 
the correlation between the I.Q. of the parent as measured on the 
parent and the num ber of his children. All such correlations are in ­
ferred from indirect evidence; occupation or the intelligence of the 
sibship is used to judge the intelligence of the parents. This is unsatis­
factory. In  addition, calculations of what the selection differential in 
fact is leave out the bottom end of the intelligence scale, the imbeciles 
and idiots who are not counted as members of the normal popidation, 
but belong to it. T o  calculate the selection differential one needs two 
pieces of information (a) the average I.Q. of all those reaching sexual 
m aturity no m atter what their physical or mental state, and the average 
I.Q. of those that do not, and (b) the average I.Q. of all those parents, 
male and female, giving birth  to children in one calendar year, 
weighted for the num ber of children born and the average I.Q. of 
those reaching sexual m aturity that do not have children. This figure 
should be taken for several calendar years. T here is no inform ation of 
this kind in the literature as far as I can see and nothing from which 
it can be reliably inferred. As a m atter of fact, direct measures of 
intelligence of one population taken at intervals indicate that I.Q. is 
increasing but there are too many special influences for one to believe 
any trend to be more than a temporary one. On the one hand, one has 
all the improvements in nu trition  which have hastened growth rate 
and the onset of sexual maturity. Perhaps a given mental age is 
attained younger now, and this gives the impression that intelligence 
measured on succeeding generations of schoolchildren is increasing. 
On the other hand, the introduction of birth control on a large scale 
came in during this century and was unquestionably used first by those 
classes which now have the lowest birth  rate. This trend will pass if 
the technique spreads.

City living, which is becoming commoner, is another factor which 
needs to be taken into account in interpreting trends. T he country 
is in general more fertile than the town, d he suggestion has been 
that there is some inevitable physiological correlation between fer­
tility and intelligence but this coidd not be proved without a direct 
measurement of the intelligence of parents and the sizes of their
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families. I do not believe there is any such inevitable negative corre­
lation. T he size of the families of leading occupations a century or so 
ago was large. In  the early years, Presidents of the United States of 
America, despite George Washington, who had no children of his own, 
had families whose average size was 4-4; the average has fallen steadily 
to 2-5 for the last five Presidents. T his is obviously an environmental 
trend which may be reversed at any time.

Though intelligence cannot be proved to be on the decrease be­
cause of a rise in Darwinian fitness of the unintelligent due to the 
improvements in civilised living conditions, the danger that some­
thing of the kind might happen is quite real. A second example might 
be the occurrence of m ultiple births. It might be argued that in 
recent years, mortality amongst twin births relative to singles has 
improved and that twinning should be on the increase. It is on the 
increase in Finland, but the trend is disguised by the fall in age of 
mother. Young mothers are less likely to have twins and as the age of 
mothers in Finland is falling, the overall rate is not obviously chang­
ing; however, for any given age of mother, twinning has been going up 
at the rate of 0 T 0  per cent each generation since 1875. Making 
assumptions about heritability and selection differentials, Mr Brown 
and I calculate twinning rate could rise from 1-5 to 10-5 per cent in 
thirty generations.

My conclusion is that the short-term effects of evolution, tidying up 
the mistakes of mutation, require tackling at once. T he attem pt would 
be rewarding and can be undertaken without fear of causing a land­
slide in the hum an genotype. T he more long-term ambition of affect­
ing the course of hum an evolution is so long-term that we need not 
hurry over it. There is time to accumulate much more understanding 
of what sort of life hum an beings should lead and what sort of human 
beings they should be.

Summary
The genetic changes which may have been taking place during the 
50,000 generations which have elapsed since the first appearance of 
Australopethicus are: slow long-term trends with a mean selection 
differential of -OOicr approximately; shorter-term trends due to strong 
selection pressures such as invasion by a new disease which may be ex­
pected to have a selection differential of about 0- lcr; and trends due to 
changes in selection pressures which upset pre-existing equilibria be­
tween m utation and selection. Gene frequencies which are no longer 
at equilibrium levels will change by m utation alone at exceedingly 
slow rates and by selection if there is a selection differential as above. 
Migration has been ignored.

It is argued that research coidd usefully be made into the occurrence 
of genetic abnormalities in the population, which at present am ount to 
some 3-5 per cent of all births, without risk of any deterioration of
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the hum an genotype; that medical science cannot have been respon­
sible for any deterioration of the hum an genotype to date; efforts 
directed to changing the nature of the hum an population will take 
such a long time to bring about that they can safely be left until more 
is understood about their desirability.
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Comments
j . h . b e n n e t t  Probably the most im portant change in recent times 
affecting hum an populations has been the big decline in death rates 
and the smaller decline in birth rates. We are well aware of the effect 
of this change on population number, but what of population quality? 
As Dr Rendel indicated, the main force in evolutionary change is 
selection acting via differential m ortality and /o r fertility. T he low­
ered death rate has probably reduced the opportunity for selection by 
death but there are some indications given by Crow1 that the lowered 
b irth  rate may have been accompanied by an increased opportunity 
for selection via fertility. This takes account not only of the lowered 
mean but also the changed variability in family size. Almost forty 
years ago, Fisher2 attached great evolutionary significance to variation 
in hum an fertility. He developed an interesting theory to explain the 
rise and fall of civilisations of which Toynbee describes about twenty 
before this one of which we are part. Fisher contrasted barbarian 
groups, where the more successful are also the more fertile individuals, 
with civilised societies. In  the latter, with an economic system where 
accumulated wealth is influential in determ ining the social position 
of an individual and his descendants and the cost of having children 
is borne by the parents, Fisher m aintained that the social selection of 
infertility would result. I doubt if we are better placed to judge the 
likely validity of this theory than forty years ago because there have 
been many special factors affecting fertility differentials in this period 
such as the spread of contraception at varying rates to different social 
groups. The recent rapid changes in New Guinea might, however, 
provide a good opportunity to examine this. N atural selection via 
deaths has probably been replaced to some extent by natural selection 
via births. As Dr Rendel suggested, it seems desirable that man should 
increase artificial selection via births through the detection and coun­
selling of heterozygous carriers of harmful genes and in other ways. 
N atural selection has, of course, not been eliminated nor perhaps dras­
tically reduced in effectiveness. Penrose3 suggests that in civilised
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countries like Britain and the United States almost one-half of the 
zygotes formed fail to reproduce. Selection via embryonic mortality 
makes an im portant contribution and this need not be considered 
harmful; perhaps there are opportunities for artificial selection here 
which deserve more study. Selection, if it is to lead to change, must 
have genetic variation to act upon. W ith intelligence, there seems to 
be much genetic variation available so that selection should be very 
effective with significant consequences for society.

Another im portant change has been in population structure due to 
the increased mobility of man. T he decline in consanguineous m ar­
riages and in reproductive isolation of small communities and of dif­
ferent racial groups must have led to an increase in heterozygotes and 
hybrid vigour. T he m ating of like-with-like is much more common 
than in the past, partly because universities and other specialised 
institutions such as, for example, those caring for the blind and deaf, 
bring together young people with similar abilities or disabilities from 
a wide area. For characteristics having a genetical component, such 
assortative mating may well lead to an increase in the frequency of 
extreme types.

Genetic polymorphism is of common occurrence in man. Harris4 

studied ten arbitrarily chosen enzymes and found three striking ex­
amples of polymorphisms and he suggests that this proportion is 
typical for all genes in man. Common variants may well involve large 
selective differences and so provide excellent material for studying 
how population frequencies and selective values are affected by 
changed conditions of life. A striking example is the decline in fre­
quency of the sickling gene following m alaria control. T here are 
many fascinating questions in hum an evolution at the present time. 
W hat is the genetic effect of changes in the diet or exposure to new 
chemicals, especially drugs? W hat are the genetic consequences for the 
population of the control or treatment of diseases such as smallpox, 
tuberculosis, and diabetes? Why is colour blindness much more com­
mon in Europeans than in primitive cultures and to what extent does 
a colour-blind citizen today experience death selection in a big city? 
W hat is the genetic component in hum an behaviour and special abili­
ties and what is the role of selection here?

M an’s genetic endowment has been moulded by natural selection 
acting in the past under quite different conditions from those which 
now exist. Natural selection remains an im portant factor in determ in­
ing the genetic constitution of future generations but man is now 
acquiring knowledge which will enable him to influence this in a 
predictable manner. T hus many other questions are prom pted by 
Dr Rendel’s paper. For example, are there desirable changes which 
should be made in the recording of birth, marriage, morbidity, and 
mortality data? Should we have a registry of certain genetic traits as in 
some other countries? W hat should be the place of genetics in medical 
education in Australia and of hum an biology in general education? 
I am sure that Dr Rendel’s excellent paper will stimulate much 
thought.
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d . g . CATCHESIDE Dr Rendel’s account of the time scale of genetic 
change is a valuable summary which would allow us to calculate the 
genetic changes in man which may have occurred in the past few 
thousand years if we knew the parameters to use. Participants in this 
symposium are interested in  whether significant genetic changes in 
man have accompanied his change from palaeolithic culture to our 
present civilisation and will have noted Dr Rendel’s opinion that, 
with the advent of civilisation, there has been no acceleration in m an’s 
physical or intellectual evolution. W hether this is true is a crucial 
matter, but I doubt whether we have the evidence to judge. Is there 
any reason to suspect otherwise?

It would be difficult to support the view that no genetic change 
has occurred, for this would be equivalent to saying that no change 
has occurred in the selective forces which have operated. Slow changes 
occurred over the 450 or so millenia (or nearly 25,000 generations) 
from Java and Peking man to Homo sapiens. This is manifested in a 
steady improvement in skill in the m anufacture of tools and in the 
development of other arts. In  general, the genetically better endowed 
people would have had an improved chance of survival and so there 
would be a steady change in heredity. T here would be a general selec­
tion of favourable combinations of genes to change the composition 
of the gene pool.

From the time of the invention of agriculture, which made civili­
sation possible and indeed necessary, a relatively short time has 
elapsed, perhaps 400 generations. T he invention of agriculture would 
have improved the survival of the inventors, perm itting a marked 
relative increase in population from this source and because of the 
settled character of the population imposed by the agricultural activi­
ties there would be a reinforcement keeping the favourable heredity 
in the local population. In time this would explode outwards and the 
agricultural, peasant skills would spread widely. We know in historic 
times how readily technically advanced groups displace backward ones. 
There would no doubt De interbreeding with other local populations 
encountered, but with further reinforcement of the agricultural skills. 
Similar effects could occur with any other selectively advantageous 
skill having a genetic basis. T he invention of agriculture etc. by an 
isolated group would be equivalent to the eruption of a genetically 
isolated population into a new ecological niche.

It is difficult to assess whether the time scale, measured in genera­
tions, has been sufficient to allow very substantial changes in genotype 
even with strong selective advantages, though some think so. M ani­
festly, the populations in different parts of the world show consider­
able genetic differences. Do these represent differences due to diverg-
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ence of the separate populations over the 200,000 years during the 
evolution of Homo sapiens or are they mainly the product of chance 
divergence during the spread of agricultural, civilising man or a mix­
ture of these processes?

Dr Rendel thinks there has not been any great change in m an’s 
intellectual capacity over the past few thousand years. But were the 
Greeks rich in scientists, mathematicians, and dramatists because they 
were descendants of a few inventive geniuses who developed agricul­
ture, baking, brewing, pottery, and metallurgy? Has cultural evolution 
occurred through the selection of favourable heritable changes or in 
spite of an absence of change? We do not have the evidence to decide. 
We need to measure and understand the genetic diversity of hum an 
populations and how this has evolved, whether over 500,000 or 200,000 
or 10,000 years.

Discussion
freeman I am in agreement with Professor Catcheside that research 
on the aetiology of hum an evolution is crucial for the understanding 
of modern man and his adaptations. O ur ignorance in this field is vast, 
but there are now abroad, in anthropology, some new realisations. If 
we consider the spectacular changes from the beginning of the Pleisto­
cene to the present, to which Dr Rendel has drawn our attention, 
hum an evolution, it is evident, has proceeded at a comparatively rapid 
rate, in response to selective pressures which we are, as yet, unable to 
identify. In my opinion, we are ill-advised to suppose that these pres­
sures were wholly ecological. Savannah-based predation was clearly of 
prime significance during the early Pleistocene, but this environ­
mental adaptation, it is im portant to realise, was sustained by con­
comitant cultural adaptations. And so our forbears entered a novel 
evolutionary phase in which cultural adaptations, as such, began to 
exert selective pressures. In  other words, there was a selective advan­
tage conferred on those populations capable of producing individuals 
with the capacities (essentially genetically based) to sustain cultural 
innovations of an adaptive kind. Thus, cultural adaptations are be­
ginning to be seen as intrinsic to hum an biological evolution, and in 
intim ate communication with the genetically-based evolution of 
hum an populations. If we further consider the hum an evolutionary 
sequence, it is conspicuous that there has been exceptionally rapid 
evolution, in adaptational terms, since the Mesolithic. It is often 
assumed that this rapid evolution has been wholly cultural, and 
entirely without any evolutionary change of a genetical kind.1 I would 
like to question this assumption. It is now evident that the Mesolithic 
and the Neolithic extended over a hundred and more generations, 
and if the genetic character of the hum an populations in those regions 
where rapid evolutionary change did occur was sufficiently heterogene­
ous and so genetically pre-adapted to respond to the strong selective
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pressure of such major cultural innovations as the invention of agri­
culture, it is very possible that there may have been significant adapta­
tions, of a partly or even predominantly genetic kind, in the human 
populations involved. Dr Rendel’s schema, which is of a classically 
genetical kind, does not, it seems to me, pay sufficient regard to the 
decisively important and uniquely historical selective pressures exerted 
by cultural innovations on certain human genetic pools from the 
Mesolithic onwards, and on the consequences of these events for the 
understanding of the time scale of genetic change in human popula­
tions. 1 would, then, like to ask Dr Rendel to comment on the views 
I have just expressed. It seems to me that if we are to advance our 
comprehension of the aetiology of human evolution there must be 
more collaboration between geneticists, prehistorians, and anthropolo­
gists.

l Cf. the opinion of Ogburn that ‘we have no evidence that the biological element 
in society has been evolving during the past twenty-five thousand years’ (W. F. 
Ogburn, Social Change with Respect to Culture and Original Nature, New York, 
1950, Viking Press, 376). Cf. also, the statement by Professor Rene Dubos (in the 
course of his address to the Royal Society of Canberra on 11 September 1968) that, 
in his view, there have been no genetic changes in the human species during the 
last one hundred thousand years.

rendel I do not think that what I have said disagrees with Dr Free­
man’s attitude in any essentials. I do not agree that my schema is clas­
sically genetical; it uses the classical approach towards the change in 
frequency of single genes; it also uses the approach of the quantitative 
geneticist and animal breeder in so far as changes in phenotype which 
are not attributable to single genes are concerned. Nor do I agree that 
pressures exerted by cultural innovations are uniquely historical. All 
evolutionary processes are historical, and depend on what has gone 
before; genetic changes of a kind which make cultural changes pos­
sible take time to have their full effect since one is concerned with 
changes in the organisation of a whole society, in addition to those in 
the development of a single individual; clearly Watt’s work must 
precede Stephenson’s but Stephenson’s work can follow Watt’s without 
any change in genotype. This is true in some degree of all evolution. 
Cartilage precedes cartilage bones and so on.

The main comment of Dr Freeman is one with which I am in full 
agreement. Cultural factors make up one of the sources of selection 
pressure which are important in human evolution, and I have not 
ignored them. In fact (on page 28) I list changes 1, 2, and 3—all of 
which could be affected by selection pressures exerted by culture. Cul­
ture is one component of the environment of the human genotype and 
I explicitly state this in 2 and implicitly in 3. I agree that the selection 
pressures of culture require careful study and that human evolution 
will never be understood until these pressures are understood. I have 
not tried to analyse them. I have been talking of rates of change. 
Assuming cultural factors can exert as strong a selective pressure on 
who will and will not breed as does the plague, one might expect 
them to bring about a change in the quality through which they act
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of one standard deviation in 1,000 years. I do not know, but doubt 
whether they will often act as strongly as the plague. Disease resist­
ance is by and large a one-directional quality, it leads to survival at 
one extreme, death at the other; responses to cultural stresses are apt 
to be more complex. For example, in  society there are obvious advan­
tages and disadvantages to the individual who is aggressive, but it is 
possible that the meek will inherit the earth for sociological reasons. 
T he balance in society between the advantages of being meek and 
being aggressive is likely to be closer and lead to smaller selective 
advantages one way or the other than the ability to recover from the 
plague in times when that disease is ram pant.

M i m s  I want to refer to this im portant distinction between what has 
been genetically, as opposed to culturally, acquired in hum an history. 
It is a strongly charged subject, emotionally and politically. W hen we 
ask whether hum an populations differ in intellectual capacity as 
well as in skin and hair we cannot help thinking of Hitler, and nowa­
days it is difficult to talk dispassionately about the Negro problem in 
these terms. Surely, rather than ask old-fashioned questions about 
nature as opposed to nurture, heredity as opposed to environment, we 
should instead ask about the relative importance of each of these 
factors.

Going back to Sir M acfarlane’s opening remarks about smoking, one 
must agree, but I feel there is something missing. So far there have 
been few studies on the reasons why people smoke. Are there funda­
mental hum an needs which smoking satisfies and which would be left 
unsatisfied if all smokers stopped smoking? It is easy to forget this 
side of the problem.

d u b o s  I would like to formulate my question around your statement 
concerning Neanderthal man. You state, as I believe is universally 
accepted, that Neanderthal man was a highly developed person, made 
well-shaped tools, had a large brain and yet was rapidly displaced by 
other kinds of people. I believe that a similar situation occurred dur­
ing the seventeenth, eighteenth, and nineteenth centuries when Euro­
pean m an occupied approximately half of the earth. I would like to 
ask you to what extent what has happened is not only an evolutionary 
change, but a displacement of one type of population by other types 
of populations, and to what extent, if it has happened on several 
occasions, will it affect your mathematical treatm ent of the changes 
that have occurred in man?

Re n d e l  M ind you, this is not m y  special subject, but I believe that you 
are perfectly correct in saying that history shows things happen in 
waves. I do not think this alters m y  calculation because the people 
who are the successive waves have had to evolve to the point they have 
reached. They were not present 1,000,000 years ago, waiting their 
opportunity.

We come back to the distinction mentioned by Dr Mims which I 
would like to elaborate on. W hat anim al breeders and plant breeders
E
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are concerned with is the extent to which the variation that they 
observe in their populations is genetic, and amongst the genetic differ­
ences how many are straightforward additive effects and how many 
have complicated interactions; the variation that you observe at any 
one moment is partly genetic and partly non-genetic, and you have to 
distinguish that in order to make calculations and predictions about 
genetic change. But there is also the other thing; alongside the in­
crease in innate ability of the individual are all the things that he 
learns which are also passed on from one generation to another—so a 
whole culture or tribe or civilisation which has got a slight start on 
another one may be genetically no better, but technically so much 
better that it can wipe it right out; it is superior because it has had 
an extra one hundred or one thousand years to learn the techniques 
and make the developments, and so I think that there is a double 
distinction to be looked for between one culture and another. First, to 
what extent has one culture, compared to another, learned and passed 
on from generation to generation the things it is innately capable of? 
Second, what was the genetic potential of the one culture compared 
to the other?

Tracey In 1,100 years the plague bacillus would have passed through 
a very considerably larger num ber of generations than man. Might 
this not perhaps give a possible, or even a more probable explanation 
of the variation in mortality over that period?

Rendel Perhaps Professor Fenner will answer that question.

Fenner I think, as Dr Rendel quoted the situation, at a relatively 
recent point in time there were differences between the mortality of 
the presumed selected European population and presumed unselected 
populations of 35 per cent and 75 per cent. If this is so it suggests that 
the plague bacillus itself had not undergone major attenuation in this 
time. But there is other evidence from studies of the resistance of rats 
in cities of India where plague has not occurred for a substantial 
period of time. This shows that selection for resistance over the past 
sixty years is considerable. In challenge experiments one gets m ortali­
ties of about 10 per cent in rats in cities of India where plague has 
occurred regularly and recently, but where there has been no plague 
in the past eighty or one hundred years the m ortality is about 90 per 
cent. I think that there is strong evidence that the changes have been 
primarily in the host and not in the plague bacillus, on a global scale.

Bu r n e t  (Chairman) T here is one comment that I should like to
make in regard to Dr Mims’s contribution—the question of genetic or 
psychological factors in relation to cigarette smoking. Eysenck has sug­
gested that the people (a) who continue to go on smoking, and (b) 
who get lung cancer, are predominantly extrovert in temperament, as 
defined by his set of tests. I do not know how far attempts have been 
made to see whether genetic factors are responsible for the traits that 
Eysenck calls extroversion and introversion but I fancy they will turn
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out to be important. Eysenck is probably right that this temperamental 
character has a bearing on whether you do or do not continue smok­
ing cigarettes when you have become aware of the effect of the habit 
on the death rate.

It is a rather characteristic example of what is being stressed 
throughout the discussion, how difficult it is with a genetically highly 
diverse species like man, to sort out cultural and environmental fac­
tors from those that are genetic. Even in assessing the harmful effects 
of cigarette smoking we may need to look at the genetic aspect as well 
as the obvious cultural one.
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The Impact of 
Givilisstion on the 
Biclcgycf Man

The Effects of Changing 
Social Organisation on the 
Infectious Diseases of Man

In contrast to other types of disease (genetic, traumatic, degenerative, 
neoplastic), the infectious diseases are dependent upon contact, either 
directly, or indirectly through vectors or fomites, between individuals 
of the same species or, in the zoonoses, individuals of different species. 
For this reason social organisation, particularly community size, and 
the degree and frequency of contact between individuals of the same 
and different communities, has played a major part in determining 
the nature and prevalence of the infectious diseases of man.

CULTURAL CHANGE AND COMMUNITY SIZE
Several aspects of man’s evolutionary history have been discussed in 
this symposium by Dr J. M. Rendel and Dr Frances Barnes; from the 
point of view of infectious diseases the most important features of 
man’s cultural development are the size of the individual communities 
of men, the number and proximity of such communities, and the ex­
tent of movement and interchange between them. Table 3:1 illustrates 
tentatively the time scale of significant cultural events in man’s his­
tory in relation to community size, and the number of generations that 
have been available for human genetic changes to occur.

Throughout palaeolithic times (and in modern palaeolithic com­
munities) man lived in small nomadic bands of up to one hundred 
individuals who rarely made prolonged contact with other such bands. 
With the discovery and development of agriculture, larger more 
settled communities developed, but these often moved slowly over the 
countryside as dictated by agricultural techniques (e.g. slash-and-burn 
agriculture). The great change in community size dates from the de­
velopment of irrigated agriculture, some six thousand years ago.

The major changes in the social organisation of man have therefore 
occurred during the last few thousand years of his history, and especi­
ally in the last few hundred years since the introduction of steam power 
initiated the change from rural to urban man. Examples of almost all 
the forms of human social organisation that we shall consider in a 
historical sense are with us now in some part of the world or another; 
the isolated bands of foodgatherers and hunters characteristic of 
palaeolithic man, the primitive agriculturists and nomadic pastoralists, 
the ‘primitive’ unsewered cities of early industrialisation and modern
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Table 3:1
The tim e scale of cultural changes in man, in relation to  the number of 
generations and the size of human comm unities

Y ears
b e fo re  1 9 6 8 G e n e ra tio n s C u ltu ra l s ta te

S ize  o f  h u m a n  
c o m m u n it ie s

1 .0 0 0 ,0 0 0 5 0 ,0 0 0 h u n te r  an d  fo o d g a th e re r s c a tte re d  n o m a d ic  b a n d s  
o f  < 1 0 0  p e rs o n s

1 0 .0 0 0 5 0 0 d e v e lo p m e n t o f  a g r ic u ltu re re la t iv e ly  s e tt le d  
v il la g e s  o f  < 3 0 0  p e rs o n s

5 ,5 0 0 2 2 0 d e v e lo p m e n t o f  ir r ig a te d  
a g r ic u ltu re

fe w  c it ie s  o f  1 0 0 ,0 0 0 ;  
m o s t ly  v i l la g e s  o f  < 3 0 0  
p e rs o n s

2 5 0 1 0 in tr o d u c t io n  o f  s te a m  
p o w e r

so m e  c it ie s  o f  5 0 0 ,0 0 0 ;  
m a n y  c it ie s  o f  1 0 0 ,0 0 0 ;  
m a n y  v il la g e s  o f  1 ,0 0 0  
p e rs o n s

1 3 0 5 in tr o d u c t io n  o f  s a n ita ry  
re fo rm s

0 — — so m e  c it ie s  o f  5 ,0 0 0 ,0 0 0 ;  
m a n y  c it ie s  o f  5 0 0 ,0 0 0 ;  
fe w e r  v il la g e s  o f  1 ,0 0 0

T ro p ic a l A fr ic a

1 ,0 0 0 .0 0 0  
to  2 ,0 0 0

5 0 ,0 0 0  
to  1 0 0

h u n te r  a n d  fo o d g a th e re r s c a tte re d  n o m a d ic  b a n d s  
o f  < 1 0 0  p e rs o n s

2 .0 0 0  
to  5 0

8 0  to  2 s la s h - a n d -b u rn
a g r ic u ltu re

v il la g e s  o f  < 3 0 0  p e rs o n s , 
s lo w ly  s h i f t in g ; m a n y  
w i th in  m o s q u ito  ra n g e  
o f  e a ch  o th e r

sophisticated cities of our affluent Western society. We shall draw on 
this contemporary material in trying to understand the historical 
changes as they relate to infectious diseases.

THE INCIDENCE OF LETHAL INFECTIOUS DISEASES
As background information, it may be worth noting the present esti­
mated world-wide incidence and mortality due to infectious diseases. 
Le Riche1 has estimated that in 1963 there were some 50 million 
deaths in a world population of about 3,000 million; one-third of these 
were due to infectious diseases. The death rate varied enormously; it 
was 1 in 2 or 3 for smallpox and cholera, 1 in 20 for typhoid, and 1 in 
250 for dysentery. Some of the most prevalent infections, the mild viral 
infections of the upper respiratory tract, carry no mortality. Tubercu­
losis, in 1963, caused some 3 million deaths, measles half a million. 
In addition to this background of endemic disease, epidemic and pan­
demic spread of a few diseases still occurs, notably influenza which 
caused some 700 million cases and 20 million deaths in 1918-19, and 
even more cases, but many fewer deaths, in 1957-8.
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EXAMPLES OF T H E  EFFECTS OF SOCIAL CHANGES 
ON INFECTIOUS DISEASES

In discussing the effects of changes in social organisation on infectious 
diseases I shall first give brief and speculative accounts of some evolu­
tionary changes in parasite and host in a few specific hum an diseases: 
malaria, a mosquito-transmitted protozoal disease; tuberculosis and 
salmonellosis, two bacterial diseases acquired by inhalation and /o r 
ingestion; and several viral diseases, measles, chickenpox, poliomye­
litis, yellow fever, and the common cold. I shall then try to relate 
types of social organisation with the incidence and severity of infec­
tious diseases.

P r o t o z o a l  i n f e c t i o n s

Falciparum malaria. Eluman malaria can be caused by four species of 
plasmodia; I shall confine my remarks to falciparum m alaria which is 
by far the most lethal type. Plasmodium falciparum is essentially a 
tropical parasite. Not only does it require a relatively high tem perature 
to develop in mosquitoes, but since there are no persistent exoerythro- 
cytic forms of the parasite to provide the chronicity found in other 
types of hum an malaria, transmission to mosquitoes must occur early 
in hum an infections.

We are quite ignorant of the origin and evolution of P. falciparum. 
Although it can be transm itted experimentally to some primates, it 
does not appear to have a prim ate reservoir and its lethality bespeaks 
its relatively recent emergence as a major hum an parasite. In  the 
present context I wish to speak of falciparum malaria mainly to illus­
trate the complex interactions between this infection and hum an cul­
tural and genetic changes in tropical Africa.

For the major part of their vertebrate cycle the plasmodia are para­
sites of the red blood cells and their capacity to m ultiply in these 
cells is greatly affected by the kind of haemoglobin they contain. T he 
red blood cells of hum an foetuses and young infants contain, besides 
normal ‘adult’ haemoglobin, the chemically different ‘foetal’ haemo­
globin, which disappears in later life. P. falciparum appears to grow 
less readily in cells containing foetal haemoglobin and young infants 
appear to be correspondingly somewhat resistant to falciparum 
malaria. After infancy, in the absence of treatment, falciparum malaria 
is highly lethal; the tolerance of the infection that is found in highly 
endemic areas is purchased at a cost of general ill health and a high 
childhood mortality.

There is good evidence that falciparum malaria has been the 
selective agent for the spread through certain hum an populations of 
several other m utant forms of hum an haemoglobin, of which the best 
understood is haemoglobin S. W hen the gene for haemoglobin S is in 
the homozygous state there are changes in the red blood cells which 
lead to severe intravascular haemolysis; the abnormal cells can be 
recognised in slides by their sickle shape. Heterozygous individuals 
do not suffer from this haemolytic disease. Parasitaemia and mortality 
due to falciparum m alaria are consistently lower in individuals with
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haemoglobin S, whether they are heterozygotes or homozygotes,2 and 
the distribution of falciparum malaria and the sickle-cell trait show a 
remarkable overlap, especially in tropical Africa.

Wiesenfeld3 has produced an interesting hypothesis relating the 
selection of the sickle-cell trait, by way of falciparum malaria, with 
the introduction into Africa of what M urdoch4 has called the Malay­
sian agricultural complex. T his consists of the cultivation, after slash- 
and-burn destruction of the jungle, of yams and taro as root crops, and 
bananas and coconuts as tree crops. Before the introduction of this cul­
tural change, the inhabitants of tropical Africa (other than the 
Pygmies) were for the most part restricted to the sea coast and the 
large water courses. Introduction of these crops allowed them to 
penetrate the tropical rain forests and to reach much higher popula­
tion densities than the Pygmies who were living there as hunters and 
foodgatherers. T he adoption of this agricultural system, which pro­
vided a greater and more certain food supply, led to both expansion 
and concentration of the population. More people were centred in 
one area and there was less movement, due to the greatly increased 
needs of husbandry to m aintain the yield of the agricultural system. 
In  such a situation, in a malarious area, the incidence of malaria in­
creased, for the probability of transmission increased. Furthermore, 
slash-and-burn agriculture led to a great expansion of breeding places 
for mosquitoes of the Anopheles gambiae complex, which are highly 
efficient vectors of falciparum malaria. W ith more intense malaria 
there was a strong selection for the originally rare sickle-cell gene 
(Fig. 3:1), and a consequent increase in the Darwinian fitness of the
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population in these malarious areas. Wiesenfeld has developed mathe­
matical models of the interaction of the sickle-cell trait and malaria 
which suggest that the sickle-cell trait stabilised in hyperendemic 
malarious areas in 40-50 generation (1,000 years) at a level very close 
to that now found in Uganda (Fig. 3:2). In  the savannah areas on the 
fringes of the tropical rain forest, where the hum idity was lower and 
therefore mosquito survival was shorter, equilibrium  was reached in

F ig. 3:2 Distribution of the Malaysian agricultural complex and of sickle 
cell trait frequencies higher than 5 per cent (from 3)

60 generations or 1,500 years at a value close to those reported for 
north western Nigeria. Haemoglobin S is only one of the factors that 
is im portant in resistance to falciparum malaria; other haemoglobin 
factors, certain red cell enzymes, and probably several other unknown 
factors also play a role.

City-dwelling eventually eradicates falciparum malaria, for the de­
velopment of towns usually leads to the eradication of breeding sites. 
But this sequence is not inevitable; in Kano (northern Nigeria), which 
is one of the old cities of the world, there are breeding sites in the 
town itself because the mud used for buildings is obtained locally. In  
Karachi, quite recently, there was a very large epidemic of ‘man-made’ 
m alaria in an area which had been malaria-free.

W ith the disappearance of falciparum malaria, the sickle-cell trait, 
which causes severe disease in homozygotes, becomes disadvantageous. 
A new equilibrium  will therefore be reached, at a rate which is de­
pendent upon the level of medical care available in the community,
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for the homozygous can only be kept alive by sophisticated medical 
attention. The enforced migration, some 5-8 generations ago, of West 
Africans to North America, where falciparum malaria has always been 
rare, had led to interesting genetic readjustments which give a preview 
of what may occur with the great reduction of falciparum malaria that 
has now been achieved in parts of tropical Africa, by the application 
of recently developed methods of mosquito control.

Thus we can picture falciparum malaria as a new human disease 
emerging in the tropics during the palaeolithic period, causing high 
but not crippling mortalities in the hunters and foodgatherers of the 
tropical forests, and increasing in intensity as the size of human popu­
lations and the opportunities for breeding of vectors increased with 
advances in agricultural practices. This increased intensity in larger 
human populations led to rapid selection for traits which conferred 
increased likelihood of survival and fertility, and a number of muta­
tions like haemoglobin S and 6-glucose dehydrogenase probably arose 
independently, on more than one occasion, in different parts of the 
range of P. falciparum. Falciparum malaria in Africa provides a good 
example of the role that disease can play in human evolution, with 
human biology and culture interacting and differentiating together in 
stepwise fashion.

B a c t e r i a l  i n f e c t i o n s

Tuberculosis. Two types of tubercule bacillus commonly affect man, 
the human and the bovine type. In general the former is much the 
more important, and I shall be concerned primarily with it. Tubercu­
losis due to the bovine type tubercle bacillus is almost entirely con­
fined to people who drink contaminated milk, which restricts its inci­
dence to certain human cultures. Western urban man is a milk- 
drinker, but sanitary methods (tuberculin-testecl herds and the 
pasteurisation of milk) have eliminated infection of man by bovine 
type tubercle bacilli in most affluent societies. Comparable considera­
tions apply to other infections which can be acquired from the milk 
of cows or goats, such as brucellosis, Q fever, and Central European 
tickborne encephalitis.

Tuberculosis due to the human type of tubercle bacillus has a 
totally different ecology and a fascinating history, which has been 
described at length by our American guests at the symposium, Dr and 
Mrs Dubos.5 Tuberculosis due to the human type bacillus is for the 
most part a respiratory disease. Infection is due to inhalation, and 
bacilli are ejected by coughing, sneezing, spitting, etc. Tuberculosis is 
often a very chronic disease, and this chronicity offers a means of sur­
vival for the tubercle bacillus which may span human generations and 
thus allow it to persist in small closed communities. Individuals who 
may not be sick enough to be segregated in hospitals may excrete 
tubercle bacilli daily for years; in other cases viable bacilli may per­
sist in ‘cured’ lesions, and may be excreted when these are reactivated 
by some environmental stress or concurrent infection.

The long persistence of the bacillus in a viable state and its persist-
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ent or periodic excretion ensure survival of the tubercle bacillus even 
in sparse populations. T he probable existence of tuberculosis amongst 
pre-Columban Indians in North America suggests that it was an 
ancient disease of man, possibly even of his pre-hominid ancestors. 
However, the dimensions and importance of this ‘palaeolithic’ tuber­
culosis may be altered out of recognition by social changes. Those we 
know most about are comparatively recent, in the miserable crowds 
of the industrial cities of the Western world in the eighteenth and 
nineteenth centuries, and in the modern slums of the new industrial 
cities of Asia and South America. Under these conditions tuberculosis 
became a major epidemic disease, and amongst those hum an groups 
longest exposed to its rigors there was a selection for genetic resistance. 
Tubercidosis in the Ashkenazi Jews, and in Europeans in general, is 
usually much less acute than amongst those first exposed to it, like 
Africans and South Sea islanders; but even this resistance is at best 
partial, and can be overcome by starvation and physiological misery 
of the type to which the Jews were subjected in Europe during the last 
W orld War.

The amelioration of tubercidosis in the cities of Europe was due in 
part to the elim ination of some of the genetically most susceptible 
by early death, but in larger part to the sanitary revolution ushered in 
by Chadwick, which led to such an alteration in the environment that 
transmission became less frequent and dosage less massive. At about 
the same time nutritional and other improvements enhanced resistance 
to the disease. Specifically medical measures took over where the sani­
tary revolution stopped, so that in affluent W estern societies tubercu- 
losis has once again become relatively rare as a crippling and killing 
disease.

Salmonellosis. T he term salmonellosis describes the infection of verte­
brates by one of a variety of closely related bacteria, some of which 
may cause a localised disease of the gastrointestinal tract, whereas 
others, like the typhoid bacillus, may cause severe generalised infec­
tions. All are acquired by eating or drinking and are excreted in the 
faeces, and sometimes the urine, of man or his domestic animals. W ith 
rare but notable exceptions (like ‘typhoid Mary’) they cause acute dis­
eases in which excretion of bacteria in the faeces is restricted to the 
few weeks during and after the acute infection. Such agents would not 
readily survive in scattered nomadic communities. In  settled agricul­
tural and town communities with a communal water supply and a 
limited understanding of hygiene, infection is very common, and in­
fection during childhood leads either to death or to the development 
of immunity in later life. T he apparently healthy adult communities 
are often heavily infected with salmonellas and other enteric patho­
gens, including hepatitis viruses and polioviruses, dysentery bacilli, and 
a variety of worms, as became apparent when large ‘clean’ populations 
of European soldiers were billeted near Middle East villages in the two 
W orld Wars. In  modern cities the development of effective sanitation 
has ensured that most infected excrement is disposed of rapidly and 
safely, and in such cities measures are taken which ensure that the
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communal water supply is not contaminated with bacteria patho­
genic for man.

Salmonella food poisoning, as a disease of modern Western man, is 
a zoonosis, i.e. it originates from some animal source. In  contrast to 
the exclusively hum an salmonelloses like typhoid fever, which have 
almost disappeared with the introduction of safe water supplies, this 
type of salmonellosis is increasing in most Western countries. Four 
reasons have been suggested for this increase.0 Firstly, international 
trade in hum an foods and animal foodstuffs has increased, and 
microbes which occur and can survive in such material have thereby 
become cosmopolitan. Secondly, there is a higher incidence of salmon­
ellosis in farm animals, partly due to the im portation of foodstuffs and 
partly to modern intensive farming, so that more animals which are 
carriers of salmonellas are slaughtered and there is more contamina­
tion of meat. Thirdly, the widespread use of household detergents has 
interfered with the effective processing of sewage, and effluents from 
sewage plants now commonly contain salmonellas. Fourthly, the indus­
trial centralisation of food processing and m anufacture accompanied 
by wide distribution of half-preserved or frozen ‘prepared’ foods has 
extended the potential range of outbreaks of foodborne diseases, so 
that cases from one source may be scattered over a very wide area.

Again we can trace the complex interaction of disease and society; 
at first the rare salmonella infection of the palaeolithic hunter, 
acquired from some animal that he had killed, then the widespread 
occurrence of specifically hum an enteric infections when villages de­
veloped with communal water supplies but no understanding of 
hygiene, and finally the virtual eradication of these diseases in the 
cities of affluent societies by sanitary measures. In salmonellosis very 
recent new practices in  food preparation and distribution have led 
to an increase in infections acquired from animal sources, but as these 
sources are recognised they are brought under control.

Cholera. Cholera is a specifically hum an disease due to a bacterium 
which is spread by the faecal-oral route, usually by the contamination 
of drinking water. It must have been unknown amongst nomadic 
palaeolithic man, but developed as villages and a village water supply 
were established. We tend to think of cholera as a ‘tropical’ disease, 
but this is due to the current association of poverty and contaminated 
water supplies with modern communities living in tropical areas. 
Cholera and other less dramatic enteric infections ravaged the cities 
of Europe in the early stages of the industrial revolution, during the 
first half of the nineteenth century, and the greater mortality in the 
developing cities (expectations of life in 1841 of 36 years for London 
and 26 for Manchester and Liverpool, compared with 41 for England 
as a whole) was largely due to cholera and other enteric bacteria, and 
tuberculosis.

V i r a l  i n f e c t i o n s

Measles. Measles is a specifically hum an acute self-limited disease, re­
covery from which is followed by absolute and lifelong immunity. It
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is almost unique among the common viral infections of man in that 
virtually all cases of infection produce obvious symptoms. Virus is 
excreted for a few days only, at the height of the disease, and neither 
clinical recurrences nor recurrent viral excretion occur. As we should 
expect, a disease with these characteristics would be able to survive 
in small communities only if there were an extra-human reservoir, 
and no natural host is known for the measles virus except man. Experi­
ence with remote and isolated small communities testify both to the 
disappearance of the disease, if it is not continually reintroduced, and 
to the lifelong protection afforded by an attack.7

The epidemic pattern and the persistence of measles have been 
further explored by Bartlett and by Black (see 8). At least thirty 
cases a year would be needed to maintain the disease if they were 
evenly spaced and there were no ‘misses’ in case-to-case infection. Bart­
lett calculated on theoretical grounds that in fact about 2,500 cases a 
year are required, in the absence of re-importation. His data from 
British and American cities suggested that the actual minimum figure 
needed to prevent ‘fade-out’, i.e. failure in the transmission cycle, was 
4,000-5,000 a year, a number which did not usually occur in cities with 
populations of less than about 300,000. Island communities provide 
even better material to study the effects of population size and dis­
persion on the endemicity of measles. Table 3:2 sets out some data 
obtained by Black.9 Measles has disappeared at intervals, and later 
been reintroduced, in all islands with a population size of less than 
half a million, and the effect of population size on the frequency of 
fadeout is clear from the figures. Guam and Bermuda, which form

Table 3:2
Endemicity of measles in islands w ith  populations of 500,000 or less, all of 
which had at least four exposures to  measles during 1949-64 (data from  9)

Island Population
Annual
population
input*

% months 
with measles 
(1949-64)

Hawaii 550.000 16.700 100
Fiji 346,000 13,400 64
Samoa 11 8.000 4,440 28
Solomon 110,000 4,060 32
French Polynesia 75.000 2,690 8
Guam 63.000 2,200 80
Tonga 57,000 2,040 12
Bermuda 41.000 1,130 51
Gilbert and Ellice 40,000 1,260 15
Cook 1 6,000 678 6
Falkland 2,500 43 0

* 1 956 births less infant mortality.

exceptions to the pattern, are exceptional also in the much greater 
inflow of military or civilian transients from mainland USA.

Apart from reintroduction, the pattern of dispersal of the popula­
tion will obviously have an effect on the endemicity of measles, since
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the duration of individual epidemics is correlated inversely with popu­
lation size. Fig. 3:3, constructed for seven island communities of com­
parable popidation size, suggests that with maximal crowding an 
epidemic would be spent in about four months in a population with 
an input of 1,900-4,500 susceptibles a year.

Iceland

New Hebrides
x New Caledonia 
x Solomon Islands

Western Samoa

x French Polynesia

x Tonga

Mean distance between new susceptibles
F ig. 3:3 Relation between the average duration of measles epidemics and 
the degree of dispersion of populations in island communities with about 

2,000-4,000 new susceptible children per year. The abscissa plot
1

/ input 
aJ kilometres

represents the mean distance between new susceptible persons (from 9).

I have said that measles is a specifically human disease, yet it obvi­
ously could not survive in the sparse communities which existed prior 
to the introduction of irrigation as a method of increasing agricultural 
yield; on our time scale, earlier than some 6,000 years or 240 genera­
tions ago. Where could it have come from? Two possible sources sug­
gest themselves, canine distemper and rinderpest. These diseases are 
caused by viruses closely related to the virus of measles. Canine dis­
temper and rinderpest viruses themselves, like measles virus, show 
fairly high host specificity and long-term immunity, but the much 
more rapid turnover of canines and bovines ensures their survival. 
Speculatively, we could ascribe measles to a mutation in distemper 
virus such that it became a human pathogen, occurring at some time 
after the establishment of the first cities, some 6,000 years ago. If such 
a mutation had occurred earlier it would not have survived in man as 
the sole host.
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Previously unexposed hum an populations have suffered high mor­
talities when measles first appeared amongst them. T his was in part 
due to the high incidence in adults, who suffer more severely than 5-12 
year old children, and partly no doubt to the social disorganisation 
that accompanied the explosive epidemics. T he lack of genetic resist­
ance may also have played a part, tor it is a fair presumption that the 
continued exposure of urban man over many generations has eradi­
cated the genetically highly susceptible individuals from such popu­
lations.
Chickenpox. Chickenpox is a specifically hum an viral infection which, 
like measles, gives rise to lifelong immunity to reinfection. In striking 
contrast to measles, however, the critical community size needed to 
ensure the survival of the disease is very small, less than 1,000 instead 
of 300,000 to 500,000.10 This is explained by the fact that varicella 
virus, after being latent in the hum an body for many years, may be 
reactivated. It then causes not chickenpox, but a different clinical 
syndrome called shingles or herpes zoster. The vesicles of zoster contain 
chickenpox virus, which is infective for susceptible children, who get 
chickenpox, not zoster. Although zoster is not as infectious as chicken- 
pox (attack rates of 15 per cent, compared with 70 per cent for chicken- 
pox), it is only necessary to produce one case of chickenpox from a 
case of zoster to produce a minor epidemic of chickenpox in a suscept­
ible community.

Chickenpox could therefore be a disease as ancient as man himself, 
and one might expect that it would have been widespread throughout 
the world before the great explorations of European man, although by 
accident it might well have died out in some small communities.
Smallpox. Smallpox is a specifically hum an disease giving lifelong 
immunity which, like measles and unlike chickenpox, is not subject to 
recurrences. Like measles, therefore, we can postulate that it must 
have originated from some animal host after the development of the 
first cities. Molecular hybridisation techniques, already applied to cow- 
pox, mousepox, and vaccinia virus,11 could provide a tentative answer 
to the problem of which animal poxvirus was the ancestral virus of 
human smallpox.

T he case-mortality of smallpox was, and still is, so high that it is 
likely that selection for genetic resistance has occurred amongst the 
inhabitants of Europe, India, and China, who have been exposed to 
the disease for centuries. Certainly the mortalities suffered by previ­
ously unexposed poprdations of Central and North American Indians 
when they were first exposed to the disease were tremendously high— 
the intentional spread of smallpox by the English inhabitants of 
North America was probably the earliest example of deliberate bio­
logical warfare. T here have been suggestions that smallpox resistance 
may be correlated with certain blood group antigens but the pub­
lished evidence is not completely convincing.
Yellow fever. Yellow fever,12 which now occurs only in tropical Africa 
and tropical America, was once thought to be a peculiarly hum an dis­
ease, transmitted from one person to another by the urban mosquito
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Aedes aegypti. It is now dear that, like most of the arbovirus infec­
tions of man, yellow fever is zoonosis. T he natural host animals are 
African primates, in which infection is asymptomatic. In  Uganda, in 
Central Africa, jungle yellow fever (in man) involves two vector mos­
quitoes. A. africanus is a forest canopy mosquito which maintains an 
enzootic cycle in wild primates. T he virus is conveyed to man by a sec­
ond cycle in which monkeys raid plantations and infect local A. simp- 
soni mosquitoes which then infect man and can m aintain a man- 
mosquito-man cycle.

In  Central America jungle yellow fever in man is mainly a disease 
of the adult male whose work brings him  into close contact with the 
forest, but it may occur among women and children when families 
are involved in  crop cultivation in forest clearings, to which infected 
monkeys may be attracted as marauders.13 T he principal vectors are 
mosquitoes of the genus Haemagogus which usually inhabit the forest 
canopy although they may bite man outside and even inside houses.

Jungle yellow fever is a prototype of the sort of viral infection to 
which palaeolithic man was exposed, and there are many other arbo­
viruses extant in the tropics and subtropical areas which likewise may 
occasionally infect man, usually producing a dead-end infection. Clas­
sical urban yellow fever was clearly a disease of cities and hence of 
relatively recent origin. Since immunity after recovery from yellow 
fever is lifelong and there are no recurrent episodes, urban yellow 
fever was subject to the same limitations for its survival as measles, 
although occasional long-lived infected mosquitoes might ‘tide over’ 
longer intervals than could be tolerated in the case-to-case infection 
necessary for the survival of measles, and infected mosquitoes may be 
more mobile than humans infected with measles. However, in the 
twentieth century this dependence upon mosquito vectors became a 
weakness, for A. aegypti, the vector of urban yellow fever, can be 
readily eradicated from cities by anti-mosquito measures.

T he common occurrence of high mortality in South American 
jungle primates and severe disease in South American Indians, and 
low mortality and mild disease in African primates and African man, 
point to the occurrence of long selection for genetic resistance in 
Africa. Yellow fever is an African disease which was transported to 
the Americas quite recently, both the virus and the mosquito 
A. aegypti being taken to America on ships carrying slaves: another 
example of the interaction of cultural activities and infectious dis­
eases.

Poliomyelitis. Many clinical syndromes, including some generalised 
infections like poliomyelitis, can be caused by several antigenically 
different viruses of the same species, three in the case of polioviruses. 
T he  disease, poliomyelitis, is a rare complication of poliovirus infec­
tion, which is normally a symptomless infection of the superficial 
cells of the gut. T he incidence of the neurological disease depends 
upon the serotype and the age of the affected individuals, but is usu­
ally less than 1 per cent. Like measles, one infection, whether clinical 
or inapparent, gives lifelong immunity to that serological type of
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poliovirus. In the absence of re-infection of the gut recurrent excretion 
does not occur, and there are no animal reservoirs. For these reasons 
polioviruses could not have survived in palaeolithic man, and there is 
ample evidence that, like measles, the polioviruses disappear com­
pletely from isolated and remote communities like the Eskimos.14

In modern human communities determination of the age at which 
50 per cent of individuals present serological evidence of past infection 
with polioviruses provides a useful index of the ease with which faecal- 
oral viral infections may spread. Thus 50 per cent of the population 
of Cairo had actively acquired antibodies to poliovirus type 2 by the 
age of 14 months; in urban areas of USA this point was not reached 
until the age of 10-15 years.15

Neurological complications of poliovirus infection (i.e. recognised 
paralytic poliomyelitis) are very rare in young infants, but are much 
more common in adolescents and adults, if such individuals have not 
been protected by vaccination or prior infection. Epidemics of 
paralytic poliomyelitis are essentially a phenomenon of the modern 
world, and have occurred principally in those countries in which a 
high standard of hygiene has greatly reduced faecal-oral infection.

Melbourne ^

St. Helena

15 20

Age in years ( logarithmic scale)

F ig. 3:4 Cumulative cases of poliomyelitis by age in three epidemics. 
Ordinates show percentage of total cases whose age is less than that shown by 
the logarithmic scale of the abscissa. Malta, 1942: infantile-type epidemic; 
Melbourne, 1937: normal modern type; St Helena, 1947: virgin-soil type. 

Total reported cases, open circles; paralytic type, filled circles (from 15).
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Fig. 3:4 illustrates three types of epidemic of paralytic poliomyelitis.16 
T he age distribution depends upon the antibody status of the popula­
tion, the intensity of the epidemic on the intrinsic virulence of the 
strain of the causative virus and the physiological (age) susceptibility 
of the non-immune population involved. T he M alta epidemic (Fig. 
3:4) represents the impact of a virulent virus in a community with low 
standards of hygiene; in such communities epidemics are rare though 
infection is common. T he M elbourne epidemic typifies the kind of 
epidemic which was characteristically found in western Europe, USA, 
and Australia before the advent of vaccination. St Flelena represents a 
virgin-soil epidemic, i.e. poliomyelitis in an isolated community from 
which the virus had been absent for many years. T he effect of age on 
the incidence of neurological disease in non-immune individuals is 
clearly seen in the St Helena epidemic and has also been noted in 
epidemics in Eskimos.

Vaccination against poliomyelitis with two types of vaccine, Salk 
(inactivated; given by injection) and Sabin (live-attenuated, given 
orally) have virtually eradicated paralytic poliomyelitis from many 
parts of the world. Rather surprisingly, in view of the failure of killed 
virus vaccines to affect faecal excretion of the virus to any marked 
extent, the circulation of polioviruses in communities well-vaccinated 
with Salk-type vaccine has also been greatly reduced. A possible ex­
planation is that in communities with a high standard of sanitation 
(which are those in which Salk-type vaccination has been extensively 
used) transmission of polioviruses depends mainly on the pharyngeal- 
oropharyngeal rather than the faecal-oral route. Antibody produced by 
Salk-type vaccination reduces pharyngeal infection by polioviruses 
and reduces viral m ultiplication in that site, thus reducing the trans­
mission of infection. In  primitive urban and village communities, in 
which transmission is by the faecal-oral route, killed virus vaccines 
have virtually no effect on the circulation of polioviruses, although 
they may greatly diminish paralysis by interfering with blood-borne 
spread of the virus through the body. Live-virus vaccines, however, 
may interfere with the circulation of polioviruses and other entero­
viruses at the time of vaccination; and for a prolonged period after 
vaccination they prevent the im plantation of polioviruses in the gut, 
probably because of local production of IgA antibodies. Mass vaccina­
tion with live-virus vaccines thus offers the possibility of interfering 
with the circulation of polioviruses to the point of at least local eradi­
cation, even in communities in which sanitation is poor.17

A situation with poliomyelitis is approaching which is not unlike 
that now prevailing with smallpox, in which rapid travel and mass 
movements of personnel in war raise possibilities of the re-introduc­
tion of virulent viruses into countries from which they have disap­
peared. W ith the increasing difficulty of m aintaining widespread vac­
cination campaigns directed towards a locally non-existent disease, a 
situation may well arise in which evidence of recent vaccination with 
a live-virus vaccine against poliomyelitis will be a requirem ent for per­
mission to enter the affluent countries, comparable with the certificates 
for smallpox or yellow fever vaccination.
F
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Common colds. Superficial infections of the mucous membrane of the 
upper respiratory tract which cause the so-called ‘common cold’ may 
be caused by a very large number of serotypes of rhinoviruses, as well 
as by respiratory viruses belonging to other taxonomic groups. With 
very few exceptions the different serotypes of the rhinoviruses are 
quite distinct antigenically; there is no serological cross-reactivity nor 
any cross-protection between them. The seemingly endless succession 
of common colds suffered, usually during the winter months, by most 
members of modern urban communities reflects a series of minor 
epidemics due to one or other of the eighty serotypes of rhinoviruses, 
or to other respiratory viruses.

Colds do not occur in small isolated communities. Perhaps the best 
example comes from observations made on the inhabitants of Spitz­
bergen, in the days before air transport existed. As can be seen from 
Fig. 3:5, there were no colds there throughout the bitter Arctic winter, 
but an epidemic began as soon as the first boat arrived.18 It is clear 
that the same situation holds for any isolated community; most of
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F ig. 3:5 Acute respiratory infections, Longyear City, Spitzbergen, by weeks, 
1930-1, with a curve showing the mean weekly minimum temperatures (°F) 
and the times of arrival of the last boat before winter set in and the first 

boat after the spring thaw (from 17)

the specifically human respiratory viruses must have evolved since the 
development of reasonably large aggregations of human beings and 
regular intercommunication between them.

NEW INFECTIOUS DISEASES IN MAN
The whole pattern of public health and quarantine administration, in 
relation to viruses, is based upon the assumption that every virus is
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derived from a pre-existing virus although it may have undergone 
m utation during the process, i.e. ‘new’ viruses are not now evolving or 
developing from non-virus, whether this be cell component or micro­
organism. T he same assumption applies with even more force to 
micro-organisms which cause disease in man.

‘New’ bacterial diseases appear to be relatively uncommon, although 
hum an infections with Pseudomonas pseudomallei19 and Mycobac­
terium ulcerans20 were first recognised as recently as 1912 and 1948 
respectively. New viral diseases, on the other hand, have been recog­
nised relatively commonly during this century; most but not all of 
these have been due to hum an intervention in some natural situation, 
or to changes in the social habits of man.

CULTU RA L CHANGE AND T H E  PA TTER N  OF INFECTIOUS 
DISEASES IN MAN

In earlier sections of this paper 1 have described the changing patterns 
of several infectious diseases of man. Here I shall try to bring out the 
features of several different infectious diseases which are related to 
cultural changes in man. Partly because of my better knowledge of 
them, and partly because of their greater importance for modern 
urban man, I shall concentrate attention on viral diseases.

Apart from arthropod-transm itted infections, which have special 
characteristics, the pattern of viral infection sustained by different 
animals is greatly dependent upon their social contacts with their fel­
lows, and by the life span of individual animals of the species. Man is 
distinguished from all other animals by the speed with which major 
changes have occurred in the form of his social organisation; within 
a few thousand years he has changed from isolated bands of about a 
hundred hunters and foodgatherers to the vast conurbations of modern 
man. By comparison, the social organisation of all other animals has 
been static, except when man himself has deliberately altered the social 
organisation of domestic animals.

I n f e c t i o u s  d is e a s e s  o f  p a l a e o l i t h i c  m a n

Dr Barnes has outlined the sort of social organisation that was charac­
teristic of paleolithic man, m odern representatives of whom could be 
found in a few primitive groups of hunters and foodgatherers until 
quite recently. From the point of view of infectious diseases the im­
portant features of this cultural stage were the small size of the band 
and its infrequent close contact with members of other closed bands, 
and the fact that even in palaeolithic times man was a long-lived 
animal, once the risks of birth  and infancy had been successfully 
passed. Because of their close personal contact and communal habits 
the microbial flora characteristic of man under these circumstances 
was probably shared by all members of the group. Many agents, especi­
ally viruses, which we regard now as being universal and ‘characteris­
tically hum an’, could not have existed. Earlier I discussed the basic 
community size needed to m aintain measles virus; the same situation 
holds for all the generalised hum an viral infections for which there is
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no other animal host and in which latency and recurrent infection do 
not occur. Immunity due to prior infection is not as durable in many 
of the diseases of mucous surfaces (intestinal and respiratory tracts) as 
it is in the generalised infections, but the enteric viruses and respira­
tory viruses could not survive in man as the sole host in societies of a 
few hundred individuals. We have ample evidence of the disappear­
ance of respiratory viruses and diseases associated with them, like 
influenza and the common cold, in  isolated communities of modern 
man; this situation must have been universal in primitive man.

Indeed the only ‘specifically hum an’ viral diseases that w7e coidd 
expect to survive in primitive man are those marked by latency and 
recurrent disease. Herpes simplex virus and chickenpox virus, for 
example, could survive even in isolated family units, because of this 
characteristic. Most viral diseases were therefore not ‘hum an’ diseases; 
they wrere caused by viruses of some other animal which ‘accidentally’ 
infected man. T he principal diseases of this type are those carried by 
arthropod vectors, the arbovirus infections, and their incidence in 
primitive man would obviously differ greatly in different parts of the 
world, due to climatic differences.

Much the same principles apply to bacterial and protozoal dis­
eases, although especially with bacteria some potential pathogens can 
survive indefinitely as saprophytes on the surface of the skin or on 
mucous membranes and invade the body as pathogens when some 
breach of the surface is produced, by minor or severe trauma. Thus 
staphylococcal and streptococcal infection of wounds probably oc­
curred, from nasal carriers of these bacteria. Tuberculosis, leprosy, 
and treponematosis, with their characteristic features of chronicity and 
recurrent excretion, covdd survive; and of course primitive man was 
subject to many bacterial and rickettsial infections acquired from 
other animals or arthropods, such as salmonellosis, leptospirosis, and 
flea- and mite-borne typhus.

I n f e c t i o u s  d iseases  i n  s o c i e t i e s  ba se d  o n  a g r i c u l t u r e

T he development of agriculture led to a great change in hum an 
habits. No longer were men nomads, and no longer was the population 
size of a group limited by the availability of natural food. Villages 
developed, and when irrigation made large-scale agriculture possible 
men started to live in towns and cities. T he pattern of viral infections 
wras greatly influenced by the development of these large societies, for 
now community size had exceeded the minimum level needed to m ain­
tain diseases like smallpox, measles, and rubella, and a large close-knit 
society permitted the ready spread of faecal-oral and respiratory 
viruses. T he neolithic origins of the ‘prototype’ rhinoviruses, myxo- 
viruses, and paramyxoviruses remain speculative; almost certainly 
they were acquired from some animal source. Many animals live in 
large enough groups to sustain such viruses because their turnover 
rate (i.e. the accession of new susceptibles) is so much more rapid 
than in man. Smallpox virus must certainly have been derived from a 
related virus in an animal host, and we have already suggested that 
measles virus was probably derived from a primitive distemper virus.
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Once the ‘prototype’ rhinoviruses and enteric viruses had been 
successfully established in hum an communities they were subjected to 
natural selection for survival, which operated, as always, at the level 
of transmission. Other things being equal, antigenically novel viruses 
had a better opportunity of becoming established and m ultiplying to 
a sufficiently high concentration to be transmitted. This may have 
been accomplished, initially, by immunological drift, but with the 
picornaviruses the present picture is that a large num ber of different 
serotypes evolved and appear to have persisted. Sampling has not yet 
been extensive enough, or on a sufficiently large scale, to know whether 
some serotypes of these viruses actually become extinct and are re­
placed by new serotypes.

Infection with enteric bacteria was probably widespread in the 
neolithic villages and towns, for the communal water supply provided, 
and still provides in some parts of the world, an excellent means for 
the wide dispersal of bacteria. Tolerated infection of the adults was, 
and is, purchased at the cost of heavy infantile mortality.

U rbanisation and infectious diseases in the cities

As Davis21 has pointed out, urbanisation is a recent phenomenon, 
dating back little more than a hundred years and caused primarily 
by the recruitm ent of country folk to the cities. It was initially accom­
panied by intense squalor and poverty, and a greatly increased inci­
dence of the associated infectious diseases. Some of these, like the 
water-borne bacterial diseases, were controlled by sanitary measures, 
introduced in the middle of the nineteenth century; others, like tuber­
culosis, took a terrible toll especially of the adolescent migrants from 
rural areas. Tuberculosis is still a major epidemic disease of some of 
the growing cities in ‘poor’ nations; in  India and South America, for 
example. In  the early days of urbanisation the hospitals themselves 
were hotbeds of infection with a variety of agents; notably the enteric 
organisms, staphylococci, and the streptococci that cause septicaemia 
and pneumonia. Even today bacterial cross-infection in hospitals calls 
for rigorous controls and constant vigilance.

Ultimately a combination of wealth, with attendant improvement in 
dwellings and a decrease in crowding, sanitation in the form of a safe 
water supply and adequate disposal of excreta, and, finally, the devel­
opment of effective anti-bacterial drugs, have diminished the im port­
ance of infectious diseases as causes of death and severe morbidity in 
the great conurbations that characterise the modern w7orld. There has 
been no corresponding decrease in respiratory viral infections, which 
now constitute the major unsolved problem among the infectious dis­
eases. Neither vaccines nor ‘air sanitation’ offer any prospect of early 
alleviation of their effects.

H uman colonisation and infectious diseases

U ntil the development of ocean-going ships in Europe, in about the 
fifteenth century, both urban and rural m ankind was largely confined 
to the continents in which his progenitors had lived as nomads and
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then as primitive agriculturists. T he explosive period of the European 
colonisation of all the other continents had profound effects on the 
disease pattern in the European migrants and in the indigenes. Euro­
pean man took his endemic diseases to new virgin populations, and 
there were explosive outbreaks of measles and smallpox, for example, 
in the native inhabitants of America and Australia. Tuberculosis took 
a terrible toll, though in less dramatic fashion. European man likewise 
intruded on situations in which the indigenous inhabitants had 
acquired, by natural selection, considerable genetic resistance to dis­
eases lethal to the European, e.g. falciparum malaria and yellow fever 
in Africa.

Alteration of the environment of man may lead to other major 
alterations in the incidence of viral diseases. A good example of this 
is furnished by the history of encephalovirus infections in southern 
California.22 T he floor of the San Joaquin Valley was largely desert 
until man transformed it by irrigation into a rich agricultural area. 
Under natural conditions the encephaloviruses were either absent or 
persisted only in limited areas, but the irrigation channels, and the 
vegetation they produced, provided an almost ideal environment for 
mosquitoes, birds, and the encephaloviruses St Louis and Western 
equine encephalitis virus. Both these viruses cause disease in man and 
in one of his domestic animals, the horse.

A i r  t r a v e l  a n d  v i r a l  d i s e a s e

As long as travel from the endemic and enzootic centres of disease 
to disease-free areas was relatively slow, quarantine restrictions oper­
ated reasonably effectively in keeping out such diseases as smallpox 
from the USA and the countries of western Europe. Air travel poses 
much greater problems, since movement from any part of the world 
to another takes less than 48 hours, and the volume of air transport is 
increasing rapidly. In  1954 pandemic influenza spread around the 
world mainly at the speed of ship and train travel;23 if another such 
pandemic occurs one can expect air travel to play a much more im­
portant role in speedily seeding the disease in new environments.

Air travel is converting the world of man into one ecological unit. 
T he continuing incidence of serious infectious diseases in the poor 
and over-crowded cities of the world and the direct and constant com­
munication between these cities and those of the affluent countries 
poses a constant threat to the latter; to some extent this has been com­
bated by vaccination and quarantine but in the long run  the only 
solution to this problem, as to so many others in the world today, lies 
in the eradication of the sources of infection by the elim ination of 
poverty.

Summary
From an ecological point of view hum an infectious diseases can be 
divided into two groups: those specific for man, and the zoonoses,
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which man acquires from some other vertebrate host. T he incidence 
of infection with both these types of disease depends upon the relation 
of man with his environment (including other hum an beings) and 
upon what infections occur in different environments. Palaeolithic 
man, living a nomadic life in small scattered bands, suffered from few 
of the infections we now regard as specifically hum an, but was ex­
posed to sporadic infection with agents that normally infected other 
animals; frequently in the wet tropics, rarely in the deserts. T he only 
specifically hum an infections which could survive in palaeolithic man 
were those characterised by chronicity or by recurrences; acute infec­
tions followed by recovery and immunity could not have survived.

T he  development of agriculture, especially where aided by irriga­
tion, led to a rapid increase in the size of the total hum an population 
and the size of communities, which settled into villages and towns. 
U nder these new conditions respiratory and enteric microbes were 
transm itted effectively and the appearance of most of the specifically 
hum an infectious diseases dates from this time. Some of the common 
viral infections, like smallpox and measles, must have arisen during 
this period by m utation and adaptation of a related virus, probably 
from a domesticated animal.

T he industrial revolution led to urbanisation, i.e. the constant 
growth in the size of cities by migration from rural areas. Initially 
this led (and still leads) to overcrowding, poverty, and misery; and 
even now it is accompanied by a failure of services like water supply 
and sewerage to keep up with the demands. Urbanisation was there­
fore accompanied by a great increase in the incidence and severity of 
the specific infectious diseases of man. W ith the sanitary revolution, 
increasing affluence, and the introduction of preventive medicine prac­
tices based upon the germ theory of infectious disease, the chain of 
infection of the enteric microbes has been interrupted. In  the affluent 
societies, tuberculosis has been to a large extent brought under con­
trol, and the development of effective anti-bacterial chemotherapy has 
largely eliminated pneum onia as a cause of death. Both tuberculosis 
and pneumonia remain scourges in the rural and urban slums of the 
underdeveloped countries. Viral respiratory infections which cause 
m inor morbidity but carry no appreciable mortality have become 
more common than they ever were, and there is no immediate prospect 
of their prevention.

Air travel is converting the world of man into one ecological unit; 
for long-term protection against the severe infectious diseases these 
must be controlled everywhere. Minor respiratory viral infections are 
not susceptible to control by vaccination; their effects could be re­
duced by effective antiviral therapy when satisfactory chemothera­
peutic compounds are discovered.
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Comments
Sydney d. rubbo Professor Fenner has traced for us the broad in ter­
action between man and microbes in the changing environments 
which have characterised m an’s progress from nomadic hunting groups 
to the technically conditioned communities of today. In  spite of the 
enormous advances in the understanding, control, and treatm ent of 
infectious disease, modern man is still plagued by the challenge of 
competitive survival with the organisms which he or his domestic
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animals may carry. Of the 150 communicable diseases listed by the 
W orld H ealth  Organization, 35 are due to bacteria, 64 are viral in 
nature and the remainder are variously caused by protozoa, fungi, and 
helminths. From this list sixteen disease states might be classed as com­
monly occurring and of them eleven are caused by bacteria, four are 
viral and one protozoal in origin. From the global point of view dis­
eases of bacterial and protozoal origin exert their most disabling 
effect among peoples in  the developing countries, whereas in the 
modern urban environment of Western countries viral infections 
are at least three times more prevalent than those due to bacteria. 
However, setting aside geography or social progress, the agents of 
highest m ortality are the bacteria causing pneumonia, gastrointestinal 
infections, and tuberculosis, which together account for 66 per cent 
of all deaths due to infection, or 11 million deaths per annum  through­
out the world. T hus it is apparent that man and microbe have not yet 
come to a m utually beneficial symbiosis. In  the developing countries 
the infectious load is created largely by bacteria and protozoa, in the 
advanced societies the problem is one of morbidity from trivial virus 
infections, mainly of the upper respiratory tract.

In  spite of these generalised evolutionary patterns of infections the 
medical practitioner in modern society is a prolific prescriber of anti­
biotics. Edmondson1 concluded from a survey in Australia that in 1966 
more than 70,000 prescriptions per 100,000 of the population were 
issued, a figure which fell neatly on the sharply rising graph for 
figures from previous years. In  England and Wales for the same year 
some 60,000 prescriptions per 100,000 of the population were dis­
pensed. Fig. 3:6 shows the extent of this prescribing for both countries 
for three commonly used antibiotics.

One of the complications which flows from this fantastic distribu­
tion of antibiotics is the emergence of drug-resistant organisms. T he 
appearance of these new strains of bacteria in the affluent societies 
illustrates an unusual effect of the changing social organisation on the 
infectious diseases in man.

It is generally known that when penicillin became freely available 
in 1946 and was widely used thereafter, a profound selective pressure 
was imposed on all species of micro-organisms normally carried by man 
and animals. After about ten years of penicillin therapy there was a 
marked evolutionary shift towards penicillin resistance in pathogenic 
staphylococci. These penicillin-resistant strains produced an enzyme 
capable of destroying the drug, namely penicillinase. For many years 
the mechanism of selection of these penicillinase producing staphy­
lococci was imperfectly understood, since they could not be produced 
in vitro by the usual techniques of selection. Recently, Novick and 
Richmond2 have shown that penicillinase production in staphylococci 
is determined by the presence of an extrachromosomal element in the 
cytoplasm, namely a plasmid. A point of great clinical importance 
which arose from this observation is that penicillin resistance in 
staphylococci does not develop during treatm ent by the selection of 
mutants derived from the original infecting population but by acqui­
sition of the resistant strain from another patient or carrier. Thus, the
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F ig . 3:6 Prescribing of antibiotics in Australia and in England and Wales
(from 1)

widespread incidence of penicillin-resistant staphylococci in hospitals 
is largely the result of cross-infection in a micro-environmental situa­
tion which favoured their persistence and propagation.

More recently, a new phenomenon of infectious drug resistance 
has emerged among the Gram-negative bacilli which are commensals 
or pathogens of the alimentary tract. Infectious drug resistance first 
arose in jap an  as an epidemiological problem as illustrated in Fig. 3:7. 
The most frequent combination of drugs to which the organisms 
acquired resistance were sulphonamides, tetracyclines, chlorampheni­
col, and streptomycin, all dissimilar in their modes of action and 
presumably distinct with respect to the genes determ ining resistance 
to them.

The curious phenomenon is now fairly well understood and results 
from ‘infection’ of a sensitive cell after physical contact with a donor 
cell carrying an R factor. T his R factor is a plasmid carrying a vary­
ing number of drug resistance markers. R factors may have a high 
mobility from one cell to another and may pass from a non-pathogenic 
species, e.g. Escherichia coli, to a pathogen such as Salmonella typhi- 
murium. T he importance of these R factors, presumably selected by 
excessive use of antibiotics, must not be under-estimated. From the 
prevalence of viral infections in the antibiotic era and the emergence 
of drug-resistant bacteria, we can extrapolate and suggest that our
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F ig. 3:7 E m ergence of d ru g -re s is tan t sh igellae in  J a p a n

changing social organisation will change the types of infection from 
which man will suffer and their response to antibiotic therapy.

1 K. W. Edmondson, ‘The Growing Use of Antibiotics’, Med.J.Aust., 1, 1969, 245-9.
2 R. P. Novick and M. H. Richmond, ‘Nature and Interactions of the Genetic 

Elements Governing Penicillinase Synthesis in Staphylococcus aureus’, J.Bact., 
90, 1965, 467-80.

n . f . St a n l e y  I think most of us who have studied infectious disease 
would agree with Professor Fenner that social organisation may affect 
the nature and incidence of some infectious diseases in man. If this is 
so, it is only with a few recent events, and Professor Fenner has de­
scribed some of them, that a precise relationship can be established. 
Today, we can begin to see some of the effects of urbanisation and fast 
transport between communities at the same time as we can observe 
some rapidly dwindling primitive societies.

In  addition to Professor Fenner’s ‘guesses’ with which I agree, 1 
have some of my own, and I like to guess that an infection best sur­
viving in palaeolithic man would be one transm itted vertically, or one 
with an incubation period commensurate with m an’s generation time. 
Do the older palaeolithic agents still remain in a modified form? T he 
conversion of measles from a zoonosis to a hum an pathogen is a likely 
possibility and illustrates an im portant principle; but some considera­
tion should be given to the possibility that its acute form arose from 
an older, slow form and that the slow form remains today as sub­
acute sclerosing panencephalitis.

Not only might a slow or attenuated infection become acute or 
virulent, but a latent infection might become manifest in a new strain 
of host. T here is a classic modern example of this—the first occurrence 
in  Icelandic sheep of visna, maedi, infectious pulmonary adenomato-
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sis, and Johne’s disease in 1925, two years after the introduction 
(after many centuries of isolation) of Karakul sheep from Germany. 
The Karakul sheep were quite healthy. More subtle socio-environ- 
mental changes might have the same effect.

Take for example kuru.

‘In the nearly 12 years of investigation, the clinical and pathologi­
cal features of kuru, defining it as a sub-acute fatal progressive degen­
erative disease of the central nervous system, have remained constant; 
and the disease remains confined to the Fore linguistic group of the 
Eastern Highlands [of Papua-New Guinea] and the neighbours with 
whom they intermarry. Dramatic changes, however, have taken place 
in the sex and age incidence of the disease, with virtual disappearance 
of the disease among children. This has probably been the direct 
restdt of socio-environmental changes taking place in the kuru region 
since 1957. In the laboratory, the disease has been transmitted from a 
number of cases to chimpanzees after an incubation period of two 
years; no other host, including 17 different species of primates, has so 
far proved susceptible.

The most economical hypothesis that accommodates these findings 
without stretching the other facts, positive and negative, known about 
the disease is a conditionally infective agent (slow virus) which de­
mands the proper genetic and socio-environmental background for 
its transmission. The sociological phenomenon best able to explain 
the sex and age distribution of kuru, its historical spread and its 
more recent changing pattern is cannibalism.’1

An evolutionary principle which should be emphasised is that of 
adaptability, demonstrated so well by man himself. The evolutionary 
success of influenza is dependent on its capacity for antigenic change, 
rather than the number of its serotypes. The development of resist­
ance to antibiotics in bacteria, as discussed by Professor Rubbo, and 
the importance of episomes is another example. Our capacity to con­
trol such disease in the face of air travel and the increase of the effec­
tive population pool to world-wide proportions is going to depend 
not on the static complexity of an infectious agent, but on its dynamic 
capacity for adaptation, either in its antigenic or its metabolic 
attributes.

As man passed through the neolithic revolution, there always 
remained some who maintained the old way of life. This final link 
with our past will soon be broken and we are the last generation of 
mankind who will have the opportunity of recording fro?n direct 
observation the way of life, social organisation, beliefs, technology, 
and diseases of primitive human societies. Australia must then, at this 
moment, demonstrate some further responsibility with regard to its 
Aborigines and New Guinea natives.

Arising from this discussion there are some vitally important prac­
tical steps that can be and should be taken to assist investigators of 
the future. With infectious disease it is obvious that sera and tissues 
should be frozen, and cells preserved in liquid nitrogen at the very
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least. Stocks could well be made from each of the Australian capital 
cities, as well as from Aborigines and other primitive societies. This, 
however, is but a part of a more formidable requirement which I hope 
will be discussed later.

1 Quoted from M. Alpers, ‘Kuru, Some Refections’, 1968 (personal communica­
tion).

Discussion
Clements Several references have been made today to measles and 
the possibility of various ethnic groups being more susceptible or less 
susceptible than others to sudden introduction of measles and we have 
read in various textbooks and literature about Pacific Island groups 
being decimated by the introduction of measles. I have been wonder­
ing since my experience three years ago whether this is, in fact, the 
explanation. I was fortunate, or unfortunate, to be in the Northern 
Territory on the occasion of the last epidemic of measles, when some­
thing like 4,000 Aborigines north of Katherine contracted measles, in 
fact everybody or practically everybody under the age of fifteen was 
infected, and there were four deaths. I am not a virologist, but I be­
lieve it was a fairly intense infection because the rashes were confluent 
and I saw something like seven hundred cases and practically every 
one of them had massive lesions in the mouth, and the children, par­
ticularly the young children, were very sick. Now the fact that there 
were so few deaths may well have been due to the application of mod­
ern medical techniques and practices. I believe dehydration to be an 
important factor in the effects of infectious diseases, particularly in 
climates where the atmospheric temperature is around 90°F., and this 
was the temperature there at the time. Left to themselves Aboriginal 
mothers will not give their children fluid. We collected together all the 
sick people into one area in each settlement and we introduced a water 
patrol whereby every half-an-hour children got six, eight, or ten 
ounces of water. Anybody who got a respiratory infection was placed 
on antibiotics and given postural drainage. And I just wonder, this is 
the question I put to Professor Fenner and Professor Stanley, whether 
this question of modern understanding of perhaps the mechanisms of 
death in infectious diseases of this kind might not explain the absence 
of a high mortality where you would have expected it amongst the 
Aborigines and the presence of a high mortality in Pacific Island 
groups prior to, or in the absence of adequate modern medical 
methods.

Fenner I am sure that what Dr Clements suggests is in part quite 
correct. The lower mortality that was experienced in this outbreak of 
measles was undoubtedly influenced by the application of adequate
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modern medical methods. T he fact that most children had very severe 
rashes is probably indicative of a lower genetic resistance of Aborigines 
than of white children. You said that the rashes were severe—severe, 
that is, in relation to what you would expect to see in white children, 
but I am sure the virus is one that commonly circulates in Australia. 
It is clear that in the epidemics of measles in the Pacific Islands, when 
measles was a new disease, the high death rate was due in part at 
least to the fact that the whole population was susceptible, not only 
the young children. T he whole of a village population contracted the 
disease within a brief period of time, which meant that collecting and 
cooking food, looking after the sick, etc. were done inefficiently so that 
there was severe social disruption. T he extent to which concurrent or 
supervening bacterial infection, which can now be controlled with 
antibiotics, is im portant in determ ining lethality must vary from one 
occasion to another. It used to be thought that secondary bacterial in­
fection was the major, or a major, factor in deaths from smallpox; but 
it is now clear that smallpox can be just as lethal in the presence of 
antibiotic therapy as in its absence—viruses can be lethal and viruses 
plus streptococci can be more lethal.

f r e e m a n  May I make a minor, but I think not unim portant point? 
A phrase that has crept into the discussion both this m orning and 
this afternoon is ‘neolithic revolution’. T his term was introduced into 
scholarly discourse by Gordon Childe, a prehistorian with explicitly 
Marxist leanings. We now know that the so-called ‘neolithic revolu­
tion’ extended over several m illennia and was preceded by the Meso­
lithic. In  other words, it was a long-drawn-out transitional period 
(covering a hundred and more generations) within which selection 
may well have occurred. I would suggest then that the term ‘neolithic 
revolution’ has no place in the vocabulary of an evolutionary thinker, 
and might well be dropped from the proceedings of this symposium.

b r o w n l e a  Professor Fenner—you have mentioned the sizes of com­
munities. Have you looked at the rates at which these communities 
have added to their sizes in urban conditions? For example, the W ol­
longong/Port Kembla area is adding to its population at 7, 8, 9 per 
cent per annum  and in notifications of infectious hepatitis the sum­
mer seasonality has now changed to an all-year incidence. I am won­
dering whether or not the rate at which urbanisation takes place 
affects the seasonality of some viruses.

F e n n e r  I did not consider the sort of problem you present because I 
was sketching a very broad canvas that covered the whole evolution 
of m ankind and all the infectious diseases he is heir to. T he factor 
you mentioned would be im portant if the migrants consisted in the 
main part of susceptibles. If they came from other city areas where 
they already would probably have become immune to hepatitis, for 
example, one would not expect a high migration rate of (resistant) 
individuals to play any role, although amongst any group of migrants 
there must be a proportion of young and susceptible individuals.
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There may also be, and this was certainly very im portant in true 
urbanisation, the recruitm ent of rural populations to the cities. The 
im portant fact about that is that the rural populations were almost 
universally susceptible to almost all the infectious diseases of the great 
cities, so that one was enlarging the city’s population with large num ­
bers of highly susceptible individuals. In  the modern situation this 
factor is much less pronounced, but it may be enough to change the 
seasonality of a disease like hepatitis.

Mims W hen you introduce new people into a city or into an area, 
there are big changes in those people. There has been a lot of work 
with animals on the effects of introducing new individuals into exist­
ing societies—and it is known there can be very great changes in their 
susceptibility to disease, perhaps by way of an adrenal cortical re­
sponse and other mechanisms. So much so that Christian recently pub­
lished a paper suggesting that some of the classical epidemiological 
work of people like Topley, Wilson, Greenwood, and Webster may 
have to be looked at again . 1 T he foreign mouse or person coming into 
the community may differ from the others because he lacks immunity 
to a disease. But he also differs because, socially, he is an outsider, or, 
in the case of mice, a socially subordinate mouse, and this may have 
a real effect on susceptibility to disease.

1 J. J. Christian, ‘The Potential Role of the Adrenal Cortex as Affected by 
Social Rank and Population Density on Experimental Epidemics’, Am.J.Epid., 87, 
1968, 255-64.

boyden I would like to ask a question in connection with your state­
ment, or your conclusion, that most of the virus infections which 
affect man today are new, in the sense that they did not exist before 
civilisation. It seems to me that this suggestion—the possibility that the 
num ber of these agents is increasing—has very im portant social im pli­
cations. I am not sure what is the total num ber of separate viruses now 
recognised which cause m ild infections of the alimentary and respira­
tory tracts in man, but it must be somewhere between one hundred 
and two hundred now, is it not? Presumably none of these one 
hundred or two hundred existed, at least not in hum an beings, ten or 
twelve thousand years ago. Now the possibility that this num ber is 
increasing seems to me, as I say, to have im portant social implications. 
Each infection may by itself be relatively m ild and only last a few 
days, but we do not know what the effects may be on the hum an 
organism of numerous repeated mild virus infections. And what may 
be the effect on society, when you have a situation eventually when 
most of the people are infected with some sort of virus most of the 
time? T he question I would like to ask is whether you would hazard 
a guess, on the basis of existing knowledge, as to the rate at which the 
num ber of virus diseases affecting man is increasing?

Fenner I do not think I would make a guess as to the exact num ber 
or rate. One can say, firstly, with respect to the recognition of different
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serotypes of rhinoviruses (the group of little spherical viruses that 
cause common colds), for example, that the discovery of methods for 
isolating these was very recent. In part the build-up from two or 
three up to eighty serotypes is, therefore, a matter of sampling. There 
are probably many other rhinoviruses that we have not yet found, 
perhaps in parts of the world or in populations that have not been 
adequately looked at. In addition, I feel pretty certain that we are 
going to see the evolution of ‘new’ rhinoviruses and we may see the 
extinction of some. It may be that some viruses lose the opportunity 
to transfer to a susceptible individual and actually die out. The only 
way this can be determined is by sampling, cataloguing, and storing 
viruses and seeing what happens to the pattern over a period of time. 
One important implication of Dr Boyden’s comment that I did not 
mention arises from the recognition that poliomyelitis is essentially a 
relatively new disease; it was only recognised as an epidemic disease 
round about the end of the nineteenth century. The polioviruses are 
essentially enteroviruses which have differentiated in terms of their 
pathogenic potential. It may well be that this sort of mutational 
change will occur in other viruses unrelated to polio that currently 
infect the human intestinal tract; a mutation may occur which is 
irrelevant to the survival of the virus, because all it has to do to sur­
vive is to be excreted and swallowed by somebody else. But it may be 
very relevant to the health of the human population if it becomes 
generalised in the human body and localises in the nervous system as 
poliovirus does. This is an ever-present possibility. I am sure we will 
witness the appearance of antigenically novel viruses in the next fifty 
years, and I do not mean only influenza viruses; possibly we may also 
witness the appearance of viruses of novel pathogenic potential.

d u b o s  (Chairman) Just to end on an optimistic note. While Pro­
fessor Fenner was speaking I was wondering whether there was not 
some possibility that increasing urbanisation and the great mobility 
of our popvdation would make us all part of the same community and 
thus eventually establish a kind of herd immunity to the infectious 
agents that we carry about. But I am not going to ask Professor Fenner 
because he is in a gloomy mood and he would say that this is not 
possible.
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D EFINITIONS
D isease

T he ‘absence of ease’ implicit in the word disease stresses the subjec­
tive element of hum an suffering, drawing attention to the need to 
consider the effect of illness on the quality rather than on the quantity 
of people’s lives. On the other hand objective assessments of com­
munity health are more often attem pted by using disease in the sense 
of applied pathology, namely ‘a condition of the body or of some part 
of an organ of the body in which its functions are disturbed or de­
ranged’. Statistical descriptions of disease and causes of death are 
clearly open to considerable inaccuracies, both with regard to errors 
of diagnosis and nomenclature. Improvements in diagnostic tech­
niques coupled with the introduction of the international classifica­
tion of the seventeen principal causes of death have helped to diminish 
some of these difficulties over the past two decades.

C ivilisation

Civilisation is defined in the Shorter Oxford Dictionary as assimila­
tion of the Common Law to the Civil Law. From the biological point 
of view a more useful meaning may be deduced from the word to 
civilise which means ‘to bring out of a state of barbarism, to instruct 
in the arts of life; to enlighten and refine’.

T he processes of civilisation are currently more often identified with 
m an’s use of tools, associated with his progression from palaeolithic 
hunting and foodgathering tribes through peasant farming communi­
ties 10 the explosive development of industrialised urban societies. 
T he civilisations of ancient Egypt, Greece, and Rome depended for 
their growth and survival on the widespread employment of human 
muscle as slave labour, machines playing a relatively subsidiary role 
in moulding the environment. By way of contrast, modern man since 
the early years of the industrial revolution has progressively learnt to 
enslave the energy latent in m atter to the extent that the need for 
physical labour has been reduced to a minimum. As a result of the 
ensuing rise in economic standards, diseases associated with toiling for 
food and coping with natural disasters have been supplanted by 
those which spring from the complexities of our technological age, in 
which m an’s connection with the soil has become less direct.
G
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T he relative development of technology in the Pacific area can be 
assessed from examination of fuel energy consumption by selected 
countries (Fig. 4:1). Thus, in 1955 in the United States the average 
citizen consumed about one hundred times as much fuel as the energy 
required for his personal metabolism and about fifty times as much 
fuel as the average inhabitant of Taiwan. It seems likely that the gap 
has widened over the past thirteen years since these figures were cal­
culated.

POPU LA TIO N  CHANGES

T he exponential curve of world population increase (Fig. 4:2) has 
been associated in time with the equally explosive growth of know­
ledge in the physical and biological sciences. Population change has
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been most rapid in so-called developing countries where birth rates 
have remained unchanged despite a considerable reduction in death 
rates; an exception is found in Japan, where the fall in  birth  rate may 
have been influenced by an intensive birth control program and 
by legalisation of abortion (Table 4:1). Reasons which have been 
proposed for the fall in mortality rates include such public health meas­
ures as malaria control in post-war Ceylon and M auritius.1 On the 
other hand, cogent arguments have been advanced to support the view 
that falls in m ortality rates are more closely related to improvements 
in living standards and particularly in nutrition.2
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Table 4:1

Changes in birth and death rates in selected countries

Birth rates Death rates
Country per 1000 per 1000

1940 1960 1940 1960

Mexico 44-3 45-0 23-2 11 -4

Chile 33-4 35-4 21 -6 11 -9

Ceylon 35-8 37-0 20-6 9-1

Japan 29-4 17-2 16-8 7-6

Australia 20-3 22-6 9-3 8-5

Less often considered is the rapid post-war rate of popidation growth 
which has occurred in  many industrialised countries, accompanied by 
a disproportionate consumption of the world’s non-renewable natural 
resources.3 Although the effects of the post-war ‘baby boom’ have slack­
ened off, the rates of natural increase in population among industrial­
ised nations remain highest in Australia and the United States of 
America (Table 4:2), the population of the latter having risen by no 
less than 43 per cent, from 140 millions to 200 millions over the past 
two decades.

Table 4:2
Rates of natural increase o f population (annual excess of births over 
deaths per 1000 population, selected industrialised countries)

Year Australia United United France West Sweden Japan World
States Kingdom Germany (estimated)

1947 13-4 15-7 8-3 8-2 4-9 8-1 19-7 —

1966 10-3 9-0 6-1 6-8 6-5 5-8 6-9 18

Calculated from United Nations Demographic Yearbook, 1967.

T he absolute increase in numbers of people living in industrialised 
communities has been accompanied by a migration of the labour force 
from rural areas into the cities. Australia, with its vast land area, is 
now paradoxically one of the most urbanised countries in the world. 
At the turn of the century, inhabitants of m etropolitan areas ac­
counted for 37 per cent of the population compared with 58 per cent 
at the 1966 census.4 T he drift to the towns has been most marked in 
the post-war period, the proportion of urban inhabitants having risen 
from 69 per cent to 83 per cent of the total between 1947 and 1966. 
Between 1947 and 1954 there was a reduction of nearly half a million 
people living in rural areas despite an increase of 1-4 million in total 
population, a phenomenon which must be partly attributable to the 
mechanisation of agriculture. T h at the attractions of city life continue 
to provide an added incentive to migrate is suggested by Borrie and 
Spencer5 who estimated that in 1961 nearly a quarter of a million



CHANGES IN NON-INFECTIOUS DISEASES 81

persons aged seven and over residing in urban areas had emigrated 
from rural areas during the previous five years, and that the majority 
of these were young people fresh from school in the young adult age 
groups. Table 4:3 shows that this tendency towards centralisation 
continues in Australia.

Table 4:3
1966 Australian census

P o p u la t i o n
m i l l i o n s %  o f  to ta l

In te rc e n s a l  c h a n g e  
c . f . 1961  

%

M e t r o p o l i t a n 6 - 7 2 58 +  1 5 - 5

O th e r  u r b a n 2 - 9 0 25 +  7 - 9

Rura l 1 -9 2 17 — 3 - 3

T o ta l 11 - 5 4 1 0 0 +  9 - 9

Despite the obvious advantages of the city for human development, 
the urban sprawl which now afflicts much of Western civilisation 
poses increasing physical problems of road congestion and environ­
mental pollution, together with the social disadvantages associated 
with migration, poverty, and loss of interaction with the natural 
environment.

MORTALITY RATES
Causes of death have held a fascination for man for a long time. 
Regular record keeping in England began in the time of Henry VIII, 
when the vicar of every parish was enjoined to keep a true and exact 
register of all weddings, christenings, and burials. From 1603 Bills of 
Mortality for London were issued as a continuous weekly series by the 
Company of Parish Clerks.6 The Bills indicated the numbers of per­
sons of each sex who had died from particular causes, and also the 
numbers in each age group; but the two factors, age and cause of 
death, were not interrelated until 1838, when the General Register 
Office was established in London.

Woodruff7 has traced the mortality records for South Australia since 
records were started in 1842. There has been a remarkable and con­
tinuous change in the proportional mortality ratio, due to a decline 
in the death rate of infants and young children. In 1845 few more than 
5 per cent of all deaths were in persons over fifty years; at the turn of 
the century this proportion had risen to 40 per cent for both sexes, 
while in 1963 80 per cent of all deaths in males and 86 per cent of all 
deaths in females occurred in the over fifty age group.

The changing mortality pattern for Australia as a whole may be 
seen by examining the age-specific death rates based on population 
estimates from the census years 1911 to 1966. Fig. 4:3 illustrates the 
remarkable decline in death rates in the newborn, which now stand 
at little more than a quarter of the rates for 1911. Between 1911 and
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Fig. 4:3 Infant mortality in Australia

1-4 5-9 10-14 15-19 2 0 -2 4  25-29 30-34 35-39 40-44 45-49

Fig. 4:4 Age-specific death rates in Australian males, 1911-67. Ages 1-4 to 45-49.
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1932-4 there was also a substantial fall in death rates in persons aged 
one to forty-nine (Fig. 4:4), the improved outlook of young adult 
males in particular being due to a regression of ‘the captain of the 
men of death’—tuberculosis. Between the immediate post-war period 
and 1967 the changes in male death rates appear unimpressive, particu­
larly when seen in the context of the dramatic and well-publicised 
developments in curative medicine and surgery which occurred during 
this time. One of the reasons for this failure of further improvement 
is a change in causes of m ortality from diseases which are now curable 
to those in which treatm ent has little to offer. For example, although 
there were approximately 1,300 fewer deaths from pulmonary tuber­
culosis in 1967 than there had been in 1950 this was more than offset 
by an increase in over 2,000 deaths from m alignant disease of the lung. 
For the age groups fifty to sixty-nine there has been a steady decline 
in female death rates over the past thirty-five years but no correspond­
ing improvement in male mortality (Table 4:4), a phenomenon which 
is largely attributable to the rising death toll from cardiovascular dis­
ease.

Table 4:4
Age-specific death rates in Australia

Y ea r
A g e  g r o u p  

5 0 - 5 4
M a l e  F e m a l e

A g e  g r o u p  
5 5 - 5 9

M a l e  F e m a l e

A g e  g r o u p  
6 0 - 6 4

M a l e  F e m a l e

A g e  g r o u p  
6 5 - 6 9

M a l e  F e m a l e

19 1 1 1 5 - 4 1 0 - 8 21 -7 1 5 - 2 31 -5 21 -8 4 8 - 3 3 6 - 0

1 9 3 2
- 3 4 11 - 4 8 - 6 1 7 - 9 1 5 - 5 2 6 - 3 1 7 - 8 4 0 - 0 2 9 - 2

1 9 4 6
- 4 8 11 - 4 7 - 6 1 7 - 7 1 0 - 7 2 7 - 5 1 6 - 5 4 2 - 4 2 6 - 3

1 9 6 7 1 0 - 1 5 - 9 1 7 - 1 8 - 6 2 7 - 3 1 3 - 5 4 3 - 7 21 -1

T he overall lowering of mortality which has occurred in response to 
changing conditions of living in Australia during the present century 
is reflected in the improved expectation of life for different age groups 
(Fig. 4:5), obtained from Australian Life Tables.8 T he greater im­
provement in expectation of life of females relative to males has led 
to an increase in the numbers of aging widows and fatherless children 
in  the community, raising new psychological and social problems for 
solution.

C h a n g e s  i n  i m m e d i a t e  c a u s e s  o f  d e a t h

T h e most striking change in m ortality statistics over the past half- 
century has been the virtual disappearance of infectious disease as a 
cause of death in Western communities. Australian death tables for 
1911 attributed 30 per cent of all deaths to infectious disease, mainly 
from tuberculosis and bowel infections, while an additional 5 per cent 
of deaths in  adults were attributed to pneum onia.9
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F ig. 4:5 Gain in years of expectation of life in Australia, 1960-2 compared 
with 1901-2; selected ages

In technologically developed nations which enjoy a high standard 
of material comfort the survival of increasing numbers of persons into 
middle life as a result of improved standards of nutrition, hygiene, 
and obstetric care has had the effect of increasing the proportion of 
deaths which, are attributable to the so-called degenerative diseases. 
The pathological features which are characteristic of these disorders 
are of two main types; the first comprises neoplastic change which can 
lead to death from inanition, secondary infection, or pressure on vital 
organs; the second is characterised by obstruction within the circu­
latory or respiratory systems along which oxygen and nutrients are 
transported to the tissues from the external environment.

The main causes of death today in Australia show substantially the 
same trends as in other industrialised countries although there are 
important geographical differences. Cardiovascular disease and cancer 
account for two-thirds of the total mortality in both sexes (in Japan 
for 50 per cent). In men coronary heart disease accounts for two- 
thirds of mortality from all cardiovascular diseases. Lung cancer 
accounts in general for between 20 and 40 per cent of deaths from 
malignant disease; the highest rate is in Britain, while low rates are 
found in Norway, Sweden, and Japan. The proportion of stomach 
cancer deaths varies from 10 per cent in the United States to 23 per 
cent in Finland and 50 per cent in Japan, although the rates are tend­
ing to decline, except in Japan.10
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T H E  LOST YEARS

Although mortality is inevitable, deaths which occur in old age do not 
as a rule engender the same sense of personal, social, or national de­
privation as those which occur in the prime of life. One way of asses­
sing the significance of premature death is to calculate the lost years 
of working life in a population by multiplying the numbers of deaths 
in each age group from fifteen to sixty-four years by sixty-five less the 
mean age of the group and summating the products. This type of com­
putation has been made by Snow11 for Western Australia and by 
Wells and Kupkee12 for the Australian population as a whole.

Table 4:5 compares calculation of the lost years of working life for

Table 4:5
Changes in main causes of lost years of working life in Australian males

1 9 5 0
L o s t  w o r k i n g  

% o f  ye a rs  pe r  
d e a th s  1 0 0 0

p o p u la t i o n  
a t  r is k

1 9 6 7
L o s t  w o r k i n g  

%  o f  yea rs  pe r  
d e a th s  1 0 0 0

p o p u la t i o n  
a t  r isk

C h a n g e  in 
lo s t  yea rs

X V !  1 A c c id e n t s ,  
p o is o n in g s ,  v io l e n c e 1 6 - 6 2 6 - 8 1 9 - 7 3 0 - 9 +  4 - 1  (1 5 % )

V I I  D isease s  o f  
c i r c u la to r y  s y s te m 3 4 - 2 1 9 - 8 4 0 - 7 2 2 - 2 +  2 - 5  (1 2 % )

II M a l i g n a n t  
n e o p la s m s 1 4 - 0 9 - 6 1 7 - 3 11 -2 +  1 - 6  ( 1 6 % )

V I D iseases  o f  
n e rv o u s  s y s te m 9 - 9 6 - 9 7 - 6 4 - 9 — 2 - 0  ( 3 0 % )

1 I n f e c t i v e  a n d  
p a ra s i t i c  d ise a s e s 6 - 5 6 - 5 0 - 8 0 - 6 — 5 - 9  ( 9 0 % )

IX  D isease s  o f  
d ig e s t iv e  s y s te m 5 - 2 4 - 2 3 - 1 2 - 4 — 1 -8  ( 4 0 % )

X  D isease s  o f  g e n i t o ­
u r in a ry  s y s te m 5 - 2 3 - 6 1 -7 1 -2 — 2 - 4  ( 6 6 % )

V I I I  D isease s  o f  
r e s p i ra to ry  s y s te m 5 - 1 3 - 5 4 - 6 2 - 7 — 0 - 8  ( 2 3 % )

R e m a in in g  n in e  
cau s e s 3 - 3 3 - 8 4 - 5 4 - 0 +  0 - 2  ( 0 - 5 % )

A l l  cau ses 1 0 0 8 4 - 7 1 0 0 8 0 - 1 — 4 - 5  (5 % )

N o n - i n f e c t i o u s
d is ea ses 9 3 - 5 7 8 - 3 9 9 - 2 7 9 - 6 +  1 - 6  (2 % )

Australian males in 1950 and 1967, based on the age-specific death 
rates for the six most important causes of death. The emphasis placed 
on premature death in this type of calculation is seen by the fact that 
whereas the death rate from accidents, poisoning, and violence is only 
half that for diseases of the circulatory system, the number of lost years 
of working life is about 40 per cent greater.
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The numbers of lost years of working life for the two most import­
ant causes of death, from accidents, poisonings, and violence (I.C.D. 
XVII) and from diseases of the circulatory system (I.C.D. VII) are 
plotted in Fig. 4:6. In 1967 at the peak death rate between ages fifteen

15-19 20-24 25-29 30-34 35-39 40-44  45-49 50-54 55-59 60-64  
AGE GROUPS (MALES)

F ig . 4:6 Lost years of working life from specific causes XVII and VII

and twenty-four, motor vehicle accidents accounted for approximately 
two-thirds of deaths in category XVII, while at the peak between ages 
fifty and fifty-nine, coronary heart disease accounted for 90 per cent 
of deaths in category VII. Between 1950 and 1967, the number of lost 
years of working life from diseases of the circulatory system has in­
creased by 12 per cent. Over the same period the number of lost years 
of working life from accidents, poisoning, and violence has increased 
by 15 per cent, partly as a result of a rise in the number of motor 
vehicle accidents and partly because of an increasing suicide rate.

The third commonest cause of lost years of working life in Australia 
is from malignant neoplasms. Fig. 4:7 depicts the death rates from 
malignant neoplasms between 1950 and 1967. These show a general 
decline of death rates except for cancer of the lung which in males 
shows an alarming nearly threefold increase, so that in 1967 it account­
ed for 27 per cent of all deaths from malignancy in the male compared 
with 11 per cent in 1950. The changing lung cancer rate which is 
matched by a rising death toll from chronic bronchitis increases more 
steeply in the older age groups.
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_____
T  __ GENITAL ORGANS (B18iv)

1 9 6 5  1967

F i g . 4:7 Australian death rates for principal malignant diseases and bron­
chitis (the figures in parentheses which follow the names of diseases are 

derived from the International Code of Classification)

MORBIDITY SURVEYS
Mortality statistics are clearly only crude measures of assessment of 
causes of death and can give little guide to the amount of illness (mor­
bidity) in the community at large. Studies of morbidity in general 
practice have been carried out in several countries including England 
and Australia.

An English survey13 has indicated that approximately 30 per cent of 
the general practitioner’s patients suffer from chronic disease, most of 
which is irreversible, notably cardiovascular, respiratory, and rheu­
matic disorders, which occupy more than three-quarters of the doctor’s 
time. In Australia, a community health survey in the small country 
town of Heyfield, Victoria14 found evidence of disease in 60 per cent of 
the population, the incidence being lowest in children (34 per cent) 
and highest amongst the elderly (89 per cent). Among medical dis-
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orders, a high incidence of asthma, hay fever, and chronic bronchitis 
was found.
M e n t a l  i l l n e s s

Lack of agreement on what constitutes mental illness and how it may 
be measured creates many difficulties in assessment of its true incidence 
in the population. The size of the public health problem is not gener­
ally realised. In 1960, 48 per cent of all hospital beds in England and 
Wales and 44 per cent of beds in the United States were occupied by 
patients who were mentally sick or mentally defective—about one 
occupied bed per 300 total population.15 However striking these 
figures, they do not give an adequate picture of the amount of mental 
sickness in the community, for the greater part of this sickness is 
treated in outpatient clinics or by general practitioners.

In Australia, a morbidity survey carried out in 1962-3 by eighty-five 
general practitioners indicated that 3-3 per cent of all episodes of ill­
ness commencing during the year were for mental, psychoneurotic, 
and personality disorders, 61 per cent of these episodes occurring in 
females.16 The Heyfield community survey suggested that some degree 
of psychiatric disability was present in approximately 18 per cent of 
the population, the majority of whom were not receiving any form of 
psychiatric help.

Apart from their value in defining the incidence of disease, com­
munity health surveys clearly serve as useful models for studying some 
of the possibly preventable difficulties in interpersonal and social re­
lationships which so often impair the quality of people’s lives.

ENVIRONMENTAL AGENTS OF DISEASE
The argument is less often heard these days as to whether nature or 
nurture is responsible for disease; rather does the question more often 
arise as to what extent heredity and environment may be playing their 
respective roles in the emergence of illness in any particular instance. 
Inherited predisposition towards diabetes and other types of biochemi­
cal abnormality are now well recognised, as is a genetic contribution 
towards hypertension17 and coronary heart disease.18 Less frequently 
considered is the possible influence of the elimination of natural selec­
tion on the genetic composition of a population. An example is the 
unmeasured (and possibly unmeasurable) effects on the constitutional 
robustness of ‘civilised man’ which may have resulted from the early 
exhibition of powerful chemotherapeutic agents such as antibiotics.

Although an elaborate system of medical care existed in ancient 
Egypt under the leadership of Imhotep who lived about 3000 B.C., 
there are no known recorded thoughts concerning environmental con­
tributions to disease in Western civilisation until the time of the 
Hippocratic School in Greece in the fifth century B.C. In the first 
recorded treatise on medical geography entitled ‘Airs, Waters and 
Places’,19 Hippocrates describes the successful physician as one:

‘who has a due regard to the seasons of the year, and the diseases 
which they produce; to the states of the wind peculiar to each country
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and the qualities of its waters; who marks carefully the localities of 
towns, and of the surrounding country, whether they are low or high, 
hot or cold, wet or dry; who, moreover, takes note of the diet and regi­
men of the inhabitants, and in a word, of all the causes that may pro­
duce disorder in the animal economy.’

H ippocrates’s wisdom appears to have a great deal of relevance to 
the study of modern diseases of civilisation.

A i r  p o l l u t i o n

M an’s use of the solar energy latent in wood and coal for domestic 
and industrial purposes and his subsequent harnessing of energy in 
oil products for transport has resulted in increasing atmospheric 
pollution by sulphur compounds and hydrocarbons. T he concentra­
tion of these air pollutants will clearly be influenced by population 
density, concentration of industry, domestic heating and by the num ­
ber of m otor cars in use. If atmospheric pollution does constitute a 
health hazard one would expect to find, in  some countries at least, a 
difference in mortality rates between rural areas and towns. In  1947 
Stocks20 advanced the hypothesis that ‘smokiness of the atmosphere is 
an im portant factor in itself in producing cancer of the lung’, on the 
ground that the mortality in towns was inversely related to the amount 
of sunshine recorded. In  Britain at the time of the 1951 Census the 
standardised mortality ratio  for males in the conurbations (outside 
London) was double that in  the combined rural districts of England 
and Wales. Subsequently, Stocks21 found that mortality for lung 
cancer and bronchitis was highly correlated with the am ount of smoke 
deposited, and that of the four common hydrocarbons in polluted 
atmospheres, 3:4 benzopyrene was the most closely related to mortality. 
The hypothesis that air pollution contributes significantly to the de­
velopment of cancer of the lung later received support from the obser­
vation of Dean, who reported that British male immigrants to South 
Africa22 and to Australia23 had a higher m ortality rate from this dis­
ease than did the local-born inhabitants, despite the latter’s higher 
rate of cigarette consumption.

Industrialisation in Australia must now be contributing to air pol­
lution, an index of which is suggested by the sixfold rise in imports of 
crude petroleum into the country between 1947 and 1963. Although 
much of this increase will have been used for industrial production 
and in the conversion from steam to diesel power on the railways, a 
fair proportion of it must have been consumed in running private 
motor cars, the num ber of which has doubled over the same period. 
An index of how popular this mode of transport has become is re­
vealed by the fact that only 0-4 per cent of all vehicles on the road 
are omnibuses.24

Although urban man may appear to adapt to living in a polluted 
environment, the progressively rising incidence of cancer of the lung 
in older age groups of Australian males suggests that a co-carcinogen 
in  the air may only exert its lethal effects after a decade or two of
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exposure, thereby obscuring the detection of cause and effect relation­
ships. An example of how air pollution can be rapidly and dram ati­
cally fatal was seen in the London smog of 1952 when 4,000 people 
died of respiratory failure during a 3-day temperature inversion.25

M an’s proclivity for living in cities appears to carry an increased 
risk of developing coronary heart disease. In  his National Atlas of 
Disease M ortality in the United Kingdom, Howe20 showed that the 
mortality rate from coronary heart disease was lower in rural areas 
compared with urban centres of population. In  the United States 
Berkson and co-workers27 have reported that mortality from all cardio­
vascular and renal diseases is approximately twice as high in Chicago 
as it is in rural Illinois, while in Norway it has been demonstrated that 
six rural centres of population had mortality rates for arteriosclerotic 
and degenerative heart disease and for malignant tumours only a third 
of the corresponding rates in Oslo for the period 1952-61 28 A more 
puzzling environmental association which woidd have interested 
Hippocrates has been revealed by epidemiological studies in several 
countries indicating that death rates from cardiovascular disease (and 
in Britain from bronchitis) are higher in areas with soft than in areas 
with hard drinking water.29

N utrition and disease

Hippocrates’s dictum that the fat die sooner than the thin finds 
statistical confirmation in modern Western man. In  the U nited States, 
the aggregate mortality of persons who are 20 per cent or more over­
weight is approximately 50 per cent above the expected rate, leading 
causes of premature death being cardiovascular disease, hypertension, 
diabetes, gall bladder disease, and cirrhosis of the liver.30 A retro­
spective study conducted in a London clinic in 1959 found that among 
373 consecutive outpatient admissions, 101 patients were 20 per cent 
or more above standard weight and were obese by study definition.31 
This num ber represents 26 per cent of the men and 44 per cent of the 
women. Approximately one-third of these 101 patients had been obese 
from childhood and showed a high incidence of psychological abnor­
malities as evaluated by clinical examination.

T he causes of obesity (derived from obesus, the past participle of 
the Latin obesere, meaning ‘that which has eaten itself fat’) appear to 
include both genetic and environmental influences. Access to un ­
limited and diverse food supplies, particularly when these are pro­
cessed for palatability, provides incentives for over-nutrition which 
do not exist amongst some primitive communities (Fig. 4:8). On the 
other hand, several studies suggest that in some groups physical under­
activity may be more im portant than overeating as a contributing 
cause of obesity.32

Many investigators have attem pted to associate particular items of 
the diet of Western man with his high incidence of coronary heart 
disease. For example Keys33 has linked mortality rates in different 
countries with consumption of animal fat, whereas Yudkin34 believes 
that a high intake of refined carbohydrate, particularly sugar, is more 
likely to be causally related to coronary heart disease, as it is to dental
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F ig . 4:8 Comparison of the percentage contribution by weight of various 
types of foodstuffs in the Australian and New Guinean diets

caries and obesity. On the other hand the sex difference in death rates 
from coronary thrombosis, coupled with the apparent associations 
between heart disease and other cultural influences including the pat­
tern of physical activity, the cigarette smoking habit, and possibly 
m ental stress, suggest a multifactorial rather than a simple dietary 
cause of this common affliction of industrialised societies. It is possible 
that obesity and coronary occlusion may represent a final common 
pathway resulting from rates of intake and mobilisation of energy- 
rich substances which are consistently in excess of rates of energy 
expenditure .35

E x e r c i s e  a n d  h e a l t h

A century ago it was unavoidable that almost everyone in the popula­
tion frequently undertook exercise of a moderate degree. No public 
transport was available; to sit in a carriage and be conveyed anywhere, 
except for long journeys, was the prerogative of the privileged few. 
W alking was therefore a regular form of exercise for everyone, and 
considerable distances must have been covered daily by many people. 
Most of the population would also have been employed in work neces­
sitating physical labour, sometimes of marked severity.

T he development of public transport, first in cities and later over 
most of the country, together with urbanisation of the community and, 
in the past forty years, the motor car, the most potent influence of all, 
have caused a major revolution in our way of life. Technology has 
brought with it autom ation in factories and a great increase in the 
num ber of people in sedentary occupations, while the development of 
spectator sports and forms of passive entertainm ent such as television
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means that an increasing proportion of leisure time is spent standing 
or sitting. Mechanical appliances in the home, while taking much of 
the drudgery out of housework, have deprived the housewife of the 
need for muscular activity, reflected in objective measurements of her 
generally low levels of energy expenditure.36

The hypothesis that habitual physical activity protects against 
coronary heart disease is derived from statistical comparisons which 
show that incidence, prevalence, and mortality rates vary inversely 
with the average levels of exercise involved in different occupations. 
Thus Morris and his colleagues37 have suggested that it is the extra 
exercise necessitated by the work of London bus conductors, in run­
ning up and down stairs, that results in a much lower incidence of 
coronary thrombosis than that suffered by drivers. Similarly, the con­
siderable amount of physical activity of postmen seems the most obvi­
ous difference between them and other Post Office workers such as 
telephonists and clerks, who are more prone to develop heart attacks. 38 

From the clinical point of view an American investigator has found 
that inactive men show both an increased incidence of coronary occlu­
sion and a higher fatality rate than do active men.39

Occupational activity levels are of diminishing interest for public 
health, since energy expenditure for nearly all types of work is dimin­
ishing with technological advance. Observations of people in clerical 
occupations have indicated that despite the small amounts of physical 
energy used up in leisure, more energy is frequently spent outside the 
work period than at work itself.40 The Social Medicine Research Unit 
in London have planned a survey of leisure activity in a large group of 
public servants in order to observe prospectively whether incidence 
rates of heart disease are less in those graded as physically more active 
in their leisure.41 Some objective support in favour of physical activity 
has been found in a small group of university students, the most 
active members of the group showing significantly better tests of physi­
cal fitness and of academic performance than the least active partici­
pants.42

Passmore43 has speculated that man might be divided into three 
hypothetical sub-species—‘Homo laborans’, ‘Homo sedentarius’, and 
‘Homo sportivus’. Since civilisation began, ‘Homo laborans’ consti­
tuted the vast majority of people in all countries until recent times 
and is still in the majority over most of Asia. In Western civilisation, 
technical developments and a century of industrial legislation have 
resulted in considerable reduction in hours of work to a point when 
a twenty-hour week seems feasible for most of the population of indus­
trialised societies, within a few decades. While the resulting emerg­
ence of ‘Homo sedentarius’ may indicate the short-term temporary 
adaptation of man to our technological age, the rising incidence of 
coronary heart disease and obesity may represent a long-term frustra­
tion of normal function.

Members of the sub-species ‘Homo sportivus’ need no justification 
for their attitudes since they enjoy participation in physical activity, 
either in competitive sport or from such positive interaction with their 
natural environment entailed in walking, climbing, swimming, fishing,
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sailing, skiing, or dancing. Since the evidence suggests that a moderate 
degree of muscular activity can not only enhance the enjoyment of 
living but may also exert a long-term adaptive effect which is beneficial 
to health, it would seem only sensible for authorities, at all levels 
from government downwards, to provide education and facilities for 
suitable forms of active leisure. Perhaps ‘Homo ludens’ (man at play) 
would be a more suitable description than ‘Homo sportivus’, including 
as it does other types of human creativity involved in the fine arts, 
performing arts and craftsmanship which compose the hallmarks of 
civilised man.

Although the processes of civilisation inevitably commit man to 
living in cities, the conurbations of increasing area and density which 
he now inhabits deprive him of contact with his natural environment 
to an extent which did not exist in mediaeval cities. This danger is 
being recognised in North America, where the preservation of wilder­
ness for recreational purposes is regarded as a vital aspect of mental 
health.44

D r u g s

From time immemorial man has attempted to amend the harshness 
of his situation and diminish his sense of isolation by selecting for con­
sumption certain chemicals in his environment which change percep 
tion. The use of the South American plant peyotl by the Aztecs is an 
example of the then socially accepted method of altering the state 
of consciousness in religious ceremonies. In seeking solace for his 
problems, modern Western man has access to a vast array of plant 
and chemical substances which are manufactured for profit and which 
provide a useful source of revenue for governments. Affluence has 
placed the consumption of these substances within the reach of almost 
everyone in industrialised countries, including the adolescent age 
group.

Addiction to nicotine (named after Jaques Nicot who introduced 
tobacco into France in 1560) provides the best documented example 
of the association between a faulty personal habit ami disease. In 
1957 the Medical Research Council advised the British Government 
of:

‘a very great increase during the past 25 years in the death rate from 
lung cancer in Great Britain and other countries. Evidence from many 
investigations in different countries indicates that a major part of the 
increase is associated with tobacco smoking, particularly in the form 
of cigarettes.’45

Ten years later a World Conference on Smoking and Health46 sup­
ported these conclusions and pointed out that cigarette smoking also 
contributed substantially to the likelihood of death or disability from 
coronary heart disease and from chronic bronchitis and emphysema, 
environmental pollution providing an additional hazard in the latter 
instance. In some countries, cigarette smoking may make a greater 
contribution to death from coronary heart disease than from chronic
H



94 THE IMPACT OF CIVILISATION ON THE BIOLOGY OF MAN

respiratory disease. Ham m ond47 has described epidemiological studies 
embracing almost half a million male Americans over the period 1959 
to 1965. He found, inter alia, that about three-quarters of non-smokers 
aged 25 might be expected to live to the age of 65 years, but only 
about half of continuing smokers of forty or more cigarettes per day 
might live to that age, nearly half the excess deaths being attributable 
to heart disease and only 14 per cent to lung cancer. Recognition of 
cigarette smoking as a major environmental hazard to Australians has 
appeared in a recent publication of the National Heart Foundation.48

Statistics presented at the W orld Conference on Smoking and 
Health indicated that among twenty of the nations represented avail­
able data showed an average consumption of 2,400 cigarettes per year 
per capita of the total population aged fifteen and over. In the USA, 
forty-nine million men and women (42 per cent of the adult popula­
tion) smoked cigarettes, 50 per cent of adolescents were smoking by 
the age of eighteen years and one million young people started smok­
ing each year. Australian statistics for the apparent consumption of 
tobacco and cigarettes show a 50 per cent increase in total tobacco 
consumption but a fourfold increase in the consumption of manufac­
tured cigarettes compared with pre-war.49 Encouragement to those 
who wish to stop smoking comes from the finding of Doll and Brad­
ford H ill50 that cessation of smoking by British doctors was followed 
by a fall in their mortality rate, particularly from cancer of the lung.

T he extent to which cigarette advertising has contributed to the 
increase in smoking habits is a debatable point. On the other hand 
in  a supposedly democratic society it is hard to justify some types of 
cigarette advertising aimed at young people since it may interfere 
with their freedom of choice not to start smoking. An example is the 
impairment of judgm ent which can be induced by purporting to show 
a positive association between cigarette smoking and healthy living, in 
contrast to the increasing weight of evidence against such an associa­
tion. T he behavioural science which studies the link between per­
sonality types and disease is still in its infancy, but in a small group of 
university students, cigarette smokers showed a significantly higher 
score for neuroticism and extroversion than did non-smokers.51

Of all the chemicals acting on the central nervous system alcohol 
has become the most socially accepted one in Western societies. Its 
benefit in facilitating interpersonal communication is, however, some­
times outweighed by the social disadvantages which can follow over­
consumption. Thus, in 1948 it was estimated that there were 3-8 mil­
lion alcoholics in the United States out of 62 million drinkers, a ratio 
of 1:16.52 A recent Australian study has estimated that alcohol is 
directly responsible for 3 per cent of all deaths, including 50 per cent 
of deaths from motor vehicle accidents and 20 per cent of deaths from 
suicide.53 A Royal Commission Report in 1965 summed up the posi­
tion as follows:

‘On the basis of much research it seems a well-founded conclusion, 
and the conclusion applies to Australia, that a majority of the road 
accidents involving death or serious bodily injury occur because the
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driver or drivers involved is, or are, suffering from impairment of 
necessary skills due to the consumption of alcoholic liquor. ’54

The fall in road deaths in Britain following the introduction of the 
breathalyser is an example of how modern legislation can reduce 
mortality. On the other hand prevention of the social tragedy of alco­
holism can only come from a more comprehensive understanding of 
the social and interpersonal reasons why the use of alcohol should be 
so prevalent in modern society.

One of the features of life in modern industrial societies is the 
enormous quantities of pharmaceutical products consumed by the 
public at large, both as patent medicines and on prescription from 
medical practitioners. While some of these preparations undoubtedly 
play a part in delaying the onset of death or improving the quality 
of life, the majority appear to fulfil the role of the mediaeval talisman, 
aiming to propitiate the winds of ill fortune or to achieve a ‘cure’ for 
the stresses of modern living. Many of the pills and potions which are 
swallowed morning, noon, and night by the faithful have unfavour­
able effects on health, including for example the influence of APC 
powders in producing kidney disease55 and of aspirin in causing gastric 
ulceration, 50 quite apart from the disastrous effects of drugs such as 
thalidomide.

It seems that over-consumption of pharmaceutical products, as of 
food, cigarettes, insecticides, and fuel oil, must be included amongst 
the environmental hazards to health which beset modern Western 
man.

A NOTE ON PREVENTION
Communicable diseases which accompanied the nutritional deficiencies 
and environmental squalor of the industrial revolution have largely 
been abolished through nineteenth-century legislation relating to 
working conditions in factories and mines. The major challenge for 
public health in industrialised communities now appears to lie in the 
control of chemical and radioactive effluents and also in drawing atten­
tion to the long-term biological hazards which may result from the 
indiscriminate use of the products of man’s technology, including in­
secticides, on the balance of nature.57

From the point of view of personal health, it is in the nature of 
chronic degenerative disorders and psychoses that cure is often diffi­
cult or impossible since the underlying pathological process has been 
developing over a substantial portion of the life span of the affected 
individual and is often irreversible by the time that symptoms of dis­
ease appear.

Opportunities for secondary prevention may lie in the attempted 
correction of risk factors in disease, for example the cigarette smoking 
habit, overweight, hypertension and a raised level of serum lipids, 
all of which are associated with a greater likelihood of development of 
coronary occlusion.58 Similarly, the early recognition of symptoms of 
depression or anxiety may enable treatment to be started before clini­
cal evidence of more serious mental disorder develops.
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A more promising though undoubtedly more difficult opportunity 
for medicine lies in primary prevention, namely the encouragement 
of sensible living habits from an early age. The adoption of such a 
philosophy is hampered in two main ways. Firstly, emphasis on so- 
called ‘curative’ medicine is fashionable amongst doctors and their 
patients, the search for a panacea or for dramatic developments in 
surgery always finding a ready market in the mass communication 
media, irrespective of their expense or irrelevance to community 
needs. Preoccupation with real or imagined illness does not necessarily 
diminish with improvement in the physical environment. For example, 
in their review of a new town in England, Taylor and Chave59 were 
disappointed to find that, while there was a lessened incidence of 
psychosis, neurotic syndromes remained much as for the national 
average. To deal with the situation of neurotic illness they claimed 
that:

‘What is needed appears to be a new moral climate, with a rather 
more robust attitude to minor deviations from normality. In such a 
robust society, there must be less running to the doctor with a trivial 
complaint and more getting on with life and making the best of it as 
it is.’

The second obstacle to primary prevention of disease in the ‘free’ 
societies of the Western world is an economic one. Thus, private 
manufacturers and governments alike tend to favour increasing con­
sumer spending which yields immediate profits and votes at the ex­
pense of less tangible policies such as conservation of the natural 
environment, education, and encouragement of the arts, whose benefits 
to the community can only be measured on a long-term basis. The 
social implications of this dilemma have been summarised by Morris:

‘If it is a fact that a major burden of disease arises from the success­
ful functioning of our society, then the tasks confronting the “sanitary 
reformer” of today are as great as anything met by nineteenth century 
pioneers of urban and industrial hygiene. ’00

L e i s u r e

While science and technology have created many new work oppor­
tunities for highly skilled and gifted people in Western civilisation it 
has also highlighted the dangers of underemployment, particularly in 
the context of increasing population. Adaptive responses to these 
dangers include the fostering of waste and obsolescence in manufac­
turing industries and the creation of a growing bureaucracy in accord­
ance with the ‘law’ of Professor Parkinson that work expands in order 
to fill the time available for its completion.61

In seeking an answer to the problems of how, with increasing auto­
mation in society, Western man is to fill his time, Professor Cohen, 
a psychologist from Manchester, poses the questions:

‘How did Adam occupy his time in the Garden of Eden before the 
Fall? What precisely did he do day by day, hour by hour? . . . Suppose
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that the working week were to be cut down, by Government decree to 
20 hours, with pay unaffected. We might predict two consequences: 
substantial rise in the consumption of alcoholic beverages, and an 
increase in gaming and gambling: alcohol as a defence against bore­
dom, and gambling as a means of enlarging income for more con­
spicuous consumption.’62

Cohen states that he is ‘not primarily occupied with the tribulations 
of permanent under-secretaries or bishops, who know how to use their 
free time’ but rather ‘with the millions who work by the clock and 
who are likely to find themselves with more and more free time on 
their hands’. Their predecessors in past centuries had no such prob­
lem, but they needed some release, and this was found in traditional 
festivities, some of them boisterous and remarkably uninhibited, but 
all of which can be included under the general heading of ‘play’.

An American psychiatrist, Martin, lays strong emphasis on the 
responsibility of medicine in the approach to this problem, comment­
ing:

‘Modern medicine has a major interest in how individuals react and 
adapt to change in their cultural environment, and what such change 
contributes to health and disease. This new freedom of time con­
fronts man with perhaps the most radical change in his evolutionary 
history.’63

In more creative participation in leisure activities may lie part of 
the answer to the primary prevention of not only premature death 
from the degenerative disorders but also of mental illness and social 
delinquency in the community.

A contribution towards improving the quality of people’s lives 
might be made by a new breed of family physician, trained primarily 
in the behavioural sciences and orientated in outlook towards the pre­
vention rather than the cure of disease. While recognising the import­
ance of early detection and management of disease, his more positive 
approach to people and their problems might in its broadest sense re­
semble that of the Greek physician Eryximachus who spoke of medi­
cine as ‘the knowledge of the loves and desires of the body and how to 
satisfy them’.

A GLOBAL VIEW
No longer is it possible to think of the well-being of man outside the 
context of the survival and health of mankind, Such is implied in the 
etymology of the word health, derived from the Old English hale, 
meaning whole. The sad paradox of global disease is that while the 
majority of the world’s population are greatly at risk from undernu­
trition and communicable diseases, many of the medical misfortunes 
which afflict so-called developed communities are the result of increas­
ing affluence. The physicist Denis Gabor defined our problem as the 
human trilemma—overpopulation, the danger of nuclear (and bio­
logical) warfare, and the Age of Leisure—all of which can be attributed 
directly or indirectly to developments in technology.64
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T here appear to be two ways in which scientific endeavour may con­
tribute towards a solution to this trilemma, if m ankind is to have a 
future. Firstly there is a clear need for governments to recognise that 
the biological requirements of agrarian reform and fertility control 
should take precedence over all political and ideological differences. 
T he second opportunity lies in the urgent need for research into the 
workings of the subconscious m ind so that m an’s tendency towards 
intraspecific aggression, which can now have disastrous consequences, 
may be channelled into less destructive outlets.

In  the final analysis, the survival and health of the individual and 
his species may depend not so much on further developments in tech­
nology as on the collective application of common sense.

Acknowledgment: I wish to acknowledge the help given by Mr K. 
Archer and staff of the Commonwealth Bureau of Census and Statis­
tics, Canberra.

Summary
Improvements in nutrition and environmental hygiene which fol­
lowed in the wake of the industrial revolution have led to the attain­
ment of reproductive age by an increasing num ber of children, with 
consequent rapid growth of population. In  communities with an 
advancing technology the increased expectation of life has been asso­
ciated with a change in the main causes of death from infectious 
diseases to the so-called degenerative disorders.

During the past two decades in industrialised societies there is 
evidence of a growing death rate from coronary heart disease, cancer 
of the lung, bronchitis, and external violence, particularly in males. 
Environmental influences associated with these changes in death rates 
appear to include faulty patterns of social and individual behaviour, 
notably air and water pollution, the cigarette-smoking habit, over­
consumption of rich foods and alcohol, and inadequate exercise. 
Hence under conditions of affluence and crowding the products of 
m an’s technology may be inducing a selective method of population 
control just as micro-organisms are the m ain agents of death under 
conditions of poverty.

Since land space and natural resources are finite, the alternative to 
further increases in natural or self-induced death rates appears to lie 
in the control of hum an fertility both in developing and industrialised 
communities. Where the incentive is available an enlightened policy 
of city planning, application of knowledge in the behavioural sciences, 
and genetic counselling appear to offer promise for enhancement of 
the quality of hum an life.

W ith improving communication systems a good case can be made
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out for a more fruitful interchange of inform ation and resources be­
tween industrialised and developing communities regarding the pre­
vention of disease and the prom otion of health.
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Comments
b a s i l  s. h e t z e l  T he significance of civilisation for hum an biology is 
largely that of environmental change. Change is occurring with in ­
creasing rapidity as a result of the impact of technology. Technology 
has produced urbanisation, with profound changes in the hum an en­
vironment to which man is inadequately adapted. We can see this 
clearly by comparing life in  a rural town with life in a large city.

M an’s reactions to change have two major components—psychologi­
cal and physiological. T he psychological reaction is characteristically 
that of grief, for example, homesickness—a familiar experience to all 
in moving from one environment to another. T here is a looking back 
on the past, a clinging to it, a nostalgia, as an alternative to accept­
ance of the present and the future. T he most intense grief reactions 
are of course associated with loss of a loved one; migration may of 
course mean as much as death itself in final separation. T he increasing 
mobility of urban man means that he is confronted with a more 
rapid succession of changes which require adaptation and make man 
more susceptible to the common crises of life as they occur, for ex­
ample, illness, marital difficulties, problems with children’s upbring­
ing, etc.

T he physiological reactions are those associated with emotional 
states, including more rapid pulse rate, elevation of blood pressure, 
changes in blood clotting time, changes in blood chemicals and secre­
tions of hormones such as adrenalin and cortisone. Changes may also 
occur in  various mucous membranes of the body, including the 
stomach and the nose, as well as in the skin. Mostly these changes are 
transient but sometimes they can be associated with precipitation of 
more serious illness such as peptic ulcer, high blood pressure, or coron­
ary heart disease in susceptible individuals.

Adjustment to change requires time and some support for the indi­
vidual so that he can leave the past and face the future. This often 
requires discussion and a ‘working through’ of feelings. Such support 
is normally provided by friends and family; in urban society with
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increasing mobility this support is not so readily available. We find 
that counselling and befriending services are developing in all the 
cities of the world because of the great need for this support for people 
who are not able to call on friends and family. Ability to adapt 
rapidly to change requires support and commitment to a purpose in 
life which is not always possible.

Modern civilised urbanised man is in danger of losing a sense of 
purpose, having to a large extent departed from authoritarian religion. 
The significant function of the meclicine man in primitive societies is 
a timely reminder of the importance of a father figure in adapting to 
the vicissitudes of human life.

r. h . c. wells I would like to strike a rather more optimistic note— 
and to indicate that some things are not as bad as they may seem on 
the face of it. I think that Dr Furnass has chosen, or was given, a 
rather difficult subject because although we know a lot about the 
epidemiology of infectious disease and we have also learned a lot 
about genetically-determined disease, the fact is that we know really 
very little indeed about the quantitative effects of environmental 
factors on non-infectious disease epidemiology. And I would like to 
refer to one exception here—the case of cigarettes—because I think we 
can look at the data in a more hopeful manner. One can compute 
from quite well-collected data available that there is about one excess 
death from coronary heart disease for every 70 million cigarettes 
smoked, and about one excess death from carcinoma of the lung from 
every 300 million cigarettes smoked. That is a lot of cigarettes. If we 
look at this another way and take into consideration the ages at which 
people die from these various diseases, all we can say is that they are 
dying earlier than they otherwise would have done. If we make a cal­
culation based on the available data, it looks as if for every 2 million 
cigarettes smoked, roughly speaking, there is one year of working 
life lost. Now in those circumstances, are those of us who do not 
smoke cigarettes in a position to judge whether the pleasure that we 
presume a lot of people must have got from smoking those 2 million 
cigarettes was worth one of them losing a year of working life? I per­
sonally do not know. I think that as far as we should go perhaps is to 
inform everyone of the risks.

Now our lack of knowledge about the epidemiology of non-infec­
tious diseases has not stopped us making assumptions, and unfor­
tunately many of these assumptions are now sanctioned by time and it 
has come to the point where some of them have been going around 
for so long that they have become accepted dogma while they are in 
fact still unproven. Indeed some of these assumptions still remain 
accepted long after the evidence indicates that they are in fact wrong. 
To illustrate this point I want to draw attention to two non-infectious 
diseases where, from looking at the data on the face value, one would 
have thought that something dreadful had happened and that it was 
probably due to the environment. Now the first of these, to take a 
short-time change, is asthma.

In a number of countries and particularly in Australia, round about
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1950, death rates from asthma in the various age groups and particu­
larly in the older age groups, showed a dramatic upswing; and people 
both here and in other countries, particularly Britain and America, 
were concerned to explain how this could have happened. T he gener­
ally accepted explanation for a while was that this must have been 
due to some change in treatm ent of asthma and it was thought that it 
might be due to the cortico-steroids, despite the fact that cortisone 
did not become generally available until a year or so after the begin­
ning of the trend. Well, these death rates remained very high for some 
years and then four or five years ago they came down again, and people 
began to think that perhaps the doctors and the patients were becom­
ing adapted to the new environment imposed by civilisation, and were 
learning to live with these new drugs without killing one another. 
Now it turns out that when this is properly investigated, the whole 
thing is simply due to a change in classification of diseases and a 
change in coding practices, in the first instance round about 1950, then 
another change a few years ago. T he whole thing is artificial.

T he second example that I want to use before coming on to some 
general comments concerns arteriosclerotic heart disease. Now every­
one knows that arteriosclerotic heart disease is more common nowa­
days than it used to be and that people die from it more than they 
used to; but is this assumption in fact true? T he first thing we should 
realise is that coronary heart disease is a pretty recent illness; it only 
became coded in Australia as an official cause of death in 1931. It was 
only put firmly on the map of normal diagnoses by average doctors 
round about the beginning of W orld W ar I and consequently when we 
look at figures collected round about the beginning of the century 
and collected now it is not surprising that there were not all that 
number of cases recorded as being due to coronary thrombosis at the 
beginning of the century because coronary thrombosis was practically 
unknown then as a diagnosis. Not that it d idn’t occur; the deaths 
were presumably put down to something else, and as most coronary 
thrombosis deaths occur very quickly, within a few minutes or a few 
hours of the incident, they were put down no doubt as sudden death 
from apoplexy and a hundred other things. In  fact if you take the 
num ber of deaths that were recorded as simply due to heart disease 
early in the century and add to these a proportion of the sudden 
deaths and a proportion of the apoplexies which were no doubt 
wrongly diagnosed, and take into account that the population age 
structure has changed, and further take into account that diagnoses in 
hospitals are only about 60 per cent accurate—there are figures to 
support this both in Australia and in Britain—and furthermore that 
in Australia coronary thrombosis is over-diagnosed in deaths in hospi­
tals by the clinicians, one then begins to wonder whether this assump­
tion that coronary thrombosis has become all that amount more 
common as a cause of death and illness is really correct. Now I do not 
know whether it is correct or not. I suspect that there is an increase 
in coronary thrombosis, but I merely use this as a second example to 
show that the figures may not be as depressing as they appear on the 
face of it.
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When we start to study the epidemiology of the non-infectious dis­
eases, try to find out the cause of these diseases, and look for changes 
in the environment—because it is most unlikely that short-term trends 
are going to be due to genetic factors—we are really putting the cart 
before the horse, because we are often seeking to find explanations in 
environmental change of non-existent changes in disease. Now having 
said that it seems to me that we can draw very few certain conclusions 
historically about the impact of civilisation on the epidemiology of 
non-infectious disease. But now that infectious diseases have been 
substantially controlled as a cause of death, even if not as a cause of 
morbidity, the major problem next requiring solving in the strictly 
medical as opposed to the medical/social field would be the chronic 
degenerative non-infectious diseases. Believing that we are unlikely to 
get very many worthwhile leaders for future action from past history, 
it seems to me urgent that we set about collecting now the necessary 
data and carrying out the necessary observations in order to be able 
to base future recommendations for social change and for medical 
change upon clear-cut and reliable data. Now until we do know more 
and more confidently about the effects of these processes associated 
with civilisation and health, I for one would resist the implied sug­
gestion that we should give up our cars and claret and cheese and 
chops and live like the Chimbu, because we cannot be certain whether 
or not they really cause the ill-effects that have been attributed to 
them. I feel sure that many of these possible associations Dr Furnass 
has mentioned between civilised cause and clinical effect, he has really 
mentioned provocatively, and they should provoke us; they should 
provoke us to further inquiry, if in the delightful words of Eryxi- 
machus he quoted, ‘We are to seek knowledge of the loves and desires 
of the body and how to satisfy them’.

To end on a positive note, as was suggested by Professor Stanley, I 
feel this is an area where we are mainly guessing, and it is about time 
that we ensured for future generations some first-rate and well- 
organised data to guess upon.

Discussion
SH A T iN  At the meeting of the Australian Society of Geographical 
Pathology dealing with the ‘Pathology of Papua and New Guinea’, 
Magarey, Kariks, and Arnold1 presented a paper in which aortic 
atherosclerosis in the Territories was compared with that of Sydney. 
These investigators made planimetric measurements of various types 
of lesions which occurred in these geographic regions among carefully 
matched samples of both populations. They found that the differences 
between sexes in all regions were negligible but a comparison in the 
extent of lesions in the two geographic areas revealed a statistical dif­
ference at 5 per cent level in fatty streaking in the third and fourth
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decades, and in both fibrous plaques and complicated lesions in the 
fifth decade and later years. In all instances the Sydney aortas had 
more extensive lesions than those from the Territories. Professor 
Magarey felt disinclined to suggest a cause for these findings. The 
widely current interpretation of this higher incidence and severity of 
atherosclerosis in the economically developed countries than in those 
which are still largely undeveloped, is the high consumption of animal 
(saturated) fats but an even closer correlation between the dietary pat­
tern and atherosclerosis has been demonstrated by Yudkin.2 He 
pointed out that during the past century, the per capita annual con­
sumption of sugar in the UK has risen, if I recollect rightly, from 7 to 
125 lb. It seems to me that irrespective of which dietary items may be 
causative, the biologically rapid and abrupt changes in the dietary 
habits brought about by the neolithic and industrial revolutions will 
undoubtedly be shown important in the aetiology of some civilisation 
diseases.

1 F. R. Magarey, J. Kariks, and L. Arnold, ‘Aortic Atherosclerosis in New Guinea 
and Papua Compared with Sydney’, Abstracts of Papers presented at the Annual 
General Meeting, The College of Pathologists of Australia, Melbourne, 1968, 18.

2 J. Yudkin, ‘Nutrition and Palatability’, Lancet, 1, 1963, 1335-8.

lemberg I am grateful both to Dr Furnass and also to Professor 
Hetzel for their stress on what Dr Furnass has called the application 
of common sense and what Professor Hetzel referred to as the role of 
the ‘modern medicine man’ in helping the ‘modern nomad’. Now, 
there is one significant difference between the nomad of old times 
and the modern nomad. The nomad of olden times, of the palaeolithic 
age, had his group to fall back on, as well as his medicine man. Now, 
where are the parallels in our modern society? The work of religious 
schools and of enlightened religious leaders could be of very great 
importance, and this seems to me very important when we come to 
deal with the imponderables which are so difficult to get access to by 
statistics. These imponderables are perhaps more important than 
anything that we can statistically put our hands on; certainly they are 
no less important. We can only deal with these, not by the strict 
scientific method, but with understanding and perhaps with a certain 
degree of modern psychiatry and, on a small scale, through organisa­
tions such as ‘Lifeline’. But help should be given in a much greater 
way by establishing real neighbourhoods again—because the significant 
difference between palaeolithic man and the modern nomad is that the 
modern nomad often has no neighbours.

furnass I would like to say that I agree with several points raised 
by the speakers. First of all I think I have really been talking about 
industrialisation and disease rather than civilisation and disease. From 
the point of view of mental health, civilisation should afford oppor­
tunities for interpersonal communication which were perhaps better 
developed in medieval cities than in modern technological societies.

For the modern nomad, the equivalent of the Aboriginal medicine 
man surely is, or should be, the general practitioner, who can listen to
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people’s problems. It may not be necessary to diagnose every disease 
that we see—and there may be some situations in which simple com­
munication and understanding are just as im portant as a scientific 
diagnosis.

dubos Perhaps my question should be addressed to you, Professor 
Borrie, rather than to Dr Furnass. It concerns population explosion. 
There is no doubt that the introduction of DDT resulted in a spec­
tacular increase of the population in Ceylon. But this was not due to 
an increase in density of population. W hat happened was that large 
parts of Ceylon which could not have been occupied when they were 
heavily infested with mosquitoes then became habitable. So that in 
reality there was an occupation of new country rather than an increase 
in population density. Similarly, the population of the United States 
has greatly increased in the past fifty years, but in parts of the country 
which were not available to man in the past and which became avail­
able to him through irrigation and all sorts of other resources. In  a 
large measure, this is what has happened in many parts of the world. 
W hat has happened is not necessarily an increase in density of popu­
lation but the occupation of new land by man. In  several places, in ­
deed, the density of population has decreased rather than increased. 
Most European cities, large and small, are much more densely popu­
lated than the American cities. New York is an empty city compared 
with Paris, Florence, or almost any other compact city of continental 
Europe. T he problem of increasing population should always be stated 
in terms of occupation of new territory.

mcbride I would like to make a comment on Professor Dubos’s state­
ment. Fie may take some comfort from the fact that while population 
numbers are going up, we are expanding into more land and not only 
increasing density. But of course there is a cost here. It is pretty clear 
that in about one or two hundred years we hum an beings are going 
to be about the only inhabitants of this planet, except for those 
animals and plants that directly concern us, and each migration into 
new areas is going to destroy more species of animals and plants.

nestel I was surprised Dr Furnass has allowed Dr Wells to attack 
his entire argument without any protest. While agreeing that much 
more investigation and more data are required before we can accept 
completely all the statements that Dr Furnass has made, I think Dr 
Wells has also been guilty of misstatement. One just wonders whether 
he has a shred of evidence for his statement that coronary heart dis­
ease is being grossly over-diagnosed in hospitals. I think Dr Furnass 
was very wise to begin his discussion in 1950 and his comparisons are 
between 1950 and 1966/67. By 1950 an awareness of the increase in 
coronary artery disease became prevalent and the facts are that in 
these last seventeen years there has been a very great increase in the 
incidence of this disorder and even in the pattern of the disease, at a 
time when many of the fallacies due to mis-diagnosis have largely been 
eliminated.
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furnass I would like to thank Dr Nestel for bringing up some of the 
points I was going to raise. Despite the possibilities of statistical error 
which Dr Wells mentioned, most clinicians are agreed that coronary 
disease is increasing, particularly in the forty to fifty age group and 
younger. I do not think that there is any question that it is a pleasant 
way to die when you are seventy or seventy-five and nobody would 
argue that this is partly an attribute of increasing age. The real chal­
lenge is to prevent the disease in the working age group.

In terms of the possible prevention of so-called diseases of civilisa­
tion, I still think it is possible to eat, drink, and be merry and yet 
avoid some of the pitfalls in personal habits which beset us. The key 
word may be ‘moderation’. Few people enjoy being preached at about 
diet or behaviour, although some associations between personal habits 
and disease seem to be emerging, for example between cigarette smok­
ing, cancer, and coronary disease. While these may not necessarily 
represent a cause and effect relationship, it would seem to be a reason­
able principle of health education for the medical profession to discuss 
the likely risk factors in disease and leave people to decide for them­
selves. If they are told that seven million cigarettes have to be smoked 
to cause one death—-this will encourage them to smoke. Perhaps it is 
better to take the other line, if they are really convinced that smoking 
is potentially harmful, and point out that pipes and cigars seem to be 
much less harmful than cigarettes, rather than to produce an argument 
which suggests that there is really very little effect at all from the 
smoking habit.

Preventive measures which aim to improve the quality rather than 
merely the quantity of life may prove to be the most acceptable and 
effective in the long run.

borrie (Chairman) It remains for me to thank Dr Furnass and the 
discussants today. Professor Dubos ended on a hopeful note and per­
haps as a demographer I can likewise end on a hopeful note. This may 
sound rather unusual because I think that demography at the moment 
seems to have inherited the position of the economists in the time of 
Malthus and Adam Smith of being a ‘dismal science’ in the sense that 
there are often dreadful prognostications of the population explosion. 
Like Professor Dubos, I do not like this word, but I think that one 
might point out that the way a demographer looks at the world is 
essentially that industrialised societies, not non-industrialised socie­
ties, are in a unique position; that is, unique in the sense that nowhere 
over human history have masses of populations ever before reached the 
position where their expectation of life at birth is around seventy 
years and where 95 per cent or more of the females born live to the 
end of the reproductive period.

Thus, reproductively speaking, we are almost immortal, and the 
addition of a few more lives will not mean anything in terms of re­
productive increase—the more so as reproduction now is a matter that 
entails a very short span of life—on average long enough to raise just 
over two children, which is enough to give you the sort of growth 
figures which Professor Dubos mentioned to us today in the Austra-
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lian environment. Demographers should emphasise more the point 
that this is a really unique element of contemporary industrialised 
human societies, and the control of death, particularly through the 
control of infectious diseases, is another unique aspect.

I think Dr Furnass drew a very nice trilogy by his illustration of the 
three major aspects of man: the nuclear explosion, the population 
explosion, and the ‘Homo ludens’. This summarises the human situa­
tion very well, I think. The point is that the degree of control which 
mankind is now asked to exercise, in order to keep his reproduction 
rate to a very low level, is something that he has never been asked to 
do before and this has all sorts of implications in the field of social 
medicine, psychiatry and so on. If industrial man ever lets the lid off 
the reproductive pattern with the life span that he now enjoys, the 
explosion that would follow would be far greater than anything that 
we see around us today in the developing world. This is a totally new 
type of life to which he now has to adjust himself.

Dr Furnass did refer to (and I felt by implication deplored) the 
multiplication of scientific journals, but thinking about it, if we 
match population increase with a commensurate increase in literacy 
in the developing world, the rate of doubling scientific journals every 
fifteen years will just keep the reading matter up to the literate popu­
lation growth! So perhaps it is not to be deplored after all. Professor 
Hetzel referred particularly to organisations such as ‘Lifeline’ and the 
telephone calls; I think this does illustrate in a sense the adapta­
bilities that can follow rapidly from technological advance, because 
this merely adds another aspect to the whole spectrum of the manner 
in which the ills of society can be coped with through technological 
advance. I think we have to be careful to differentiate between what 
is technologically possible now and what was certainly not technologi­
cally possible a few years ago in making comparisons. I will not enter 
into the discussion between Dr Wells and others on the question of 
accuracy or otherwise of measurement. I think there is a balance to be 
maintained here, but again as a demographer (and I am afraid we are 
all quantifiers in my profession) I did welcome very greatly the 
emphasis on the need for a great deal more care, and I am sure all 
here would welcome it, in terms of accurate measurements of the 
incidence of non-infectious disease, before we can really draw safe 
conclusions about mortality trends specific to those diseases. This is 
really an aspect that is still in a very rudimentary phase and in the 
next twenty or thirty years it is going to be important to get the 
statistical answers to some of the things that are puzzling us in the 
matters discussed today.

Well, it just remains for me to thank Dr Furnass for, I am sure you 
will all agree, a magnificent survey of the field and the very broad can­
vas that he presented to us, and to thank the discussants, and particu­
larly Professor Hetzel and Dr Wells, for their remarks.
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The Impact cf Some Effects of
(Zivilisation on the Different Diets
Biology of Man

There have been few significant changes in the dietary patterns of 
human beings since primitive man first wandered out from the 
primaeval forests into the adjoining savannah until comparatively 
recent times. Furthermore, these major changes have occurred so 
recently that the full effects may not be apparent for a long time.

I propose to review briefly the main dietary patterns and their pos­
sible effects on biological processes and then to consider in detail 
the dietetic and nutritional features of the mixed diet which is char­
acteristic of the European-derived societies today and the effects of 
these diets on human biological processes.

However, before proceeding to this task, I want to make a few com­
ments on the elite, specific groups which can be found in every society.

THE ELITE
In every community some people enjoy a privileged position. Their 
position, inherited or acquired, may accord them power or status 
and so provide them with an assured supply of food and other material 
goods and perhaps a labour force. The foods available to them are 
often the most delectable, most highly prized because of supposed 
inherent qualities in imparting strength, fertility, long life, etc. Coin- 
cidently, most of these foods also have high nutritional value. Some 
members of this elite became gluttons and consumed prodigious quan­
tities of food, for example Charles V of Spain and Henry VIII of 
England.

In families there may be one or two members whose position en­
titles them to special foods, often of high nutritional value. Until 
recent times in Western societies this privilege has been reserved for 
the recognised ‘head’ of the family.

During this century, infants and children in many parts of the world 
have moved into a privileged position dietetically. In countries such 
as Australia, they are usually provided with a more adequate and 
balanced diet than that consumed by the members of most other age 
groups.

The main point I want to make here is that in every civilised society 
for which a reasonable degree of documentation exists, there have 
been, and are, people who, by virtue of their membership of an dlite, 
have probably been better fed than the remainder of the population.
i
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Depending on the type of diet and the margins between the elite and 
the remainder, the superior diet could have long-term biological 
effects.

DIETARY PATTERNS
The dietary patterns of human beings from the earliest times can be 
divided into three categories:

i mainly flesh foods
ii mainly vegetable foods
iii mixture of flesh and vegetable foods.

Mainly flesh foods

Peking man depended largely on meat1 for it seems that about two- 
thirds of the animal remains which have been found in the caves, 
along with the skeletons of man, belonged to two species of deer, 
horse, camel, buffalo, and rhinoceros. The discovery of human long 
bones, split in the same manner as those of animals to extract the 
marrow, suggests that Peking man was a cannibal. Seeds of berries 
have also been uncovered, so it is possible that he may have consumed 
some vegetable foods. Neanderthal and Cro-Magnon men were also 
hunters and gatherers, mainly the former. Radio carbon dating indi­
cates that a proto-neolithic people, the Natufian hunters and fishers, 
camped near Jericho about 7800 B.C., lived mainly by hunting the 
gazelle but they also gathered wild grain. Later deposits from the same 
sites about 6000 B.C. suggest some of the grain may have been culti­
vated.2 This time approximates closely to the period of first cultiva­
tion of wheat or wheat-like cereals.

Relatively small groups of hunter-gatherers have existed in many 
locations into comparatively recent times. These include the Semang 
and Sakai of Malaysia, the Bushmen of the Kalahari Desert, the Black- 
foot Indians of North America,3 and the Eskimo.4

Mainly vegetable foods

Agriculture was an integral part of the life of large numbers of people 
in western Asia and eastern and western Europe5 by the time the Swiss 
lake villages had been established. Wheat and barley were widely cul­
tivated and the discovery of pea seeds in pottery jars suggests that 
the Swiss lake dwellers were acquainted with this legume and had 
learned its cultivation and use. These people were also hunters and 
fishers. Thus they could have had available a mixed type of diet with 
the possible dominance of vegetable foods. However, the percentage 
of calories derived from animal foods may have been high, because of 
the relatively small numbers of people in any locality and the com­
parative abundance of wild animals. With the small but steady in­
crease in population and the gradual encroachment on to forest lands 
by human settlements the people came to depend increasingly on 
cereals and root crops. These crops yield many times more calories per 
unit of land than either domesticated or wild animals.

In many parts of Asia and Africa, at the present time, up to 90 per
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cent of the total weight of food is provided by cereals, while in the 
highlands of New Guinea sweet potato forms the bulk of the diet.

A  MIXED DIET

For the purpose of this paper I have accepted that a mixed diet is one 
in  which from 30 per cent to 70 per cent of the food is derived from 
animals, birds, or fish and the remainder from vegetable foods. Diets of 
this kind have apparently been consumed by isolated groups of people 
throughout historical times. W henever possible they seem to have been 
the choice of the elite of most societies, but essentially they are charac­
teristic of highly industrialised countries today.

T he outstanding example of the consumption of mixed diet is the 
current dietary patterns of the majority of the people of Europe, North 
America, Australia, New Zealand, and some of the elite of many socie­
ties in other parts of the world. However, the comparative inefficiency 
of animals in the conversion of vegetable crops to hum an food (in the 
United Kingdom one acre produced four million calories of potato 
but only 350,000 calories of beef muscle)0 creates a considerable price 
differential between foods of animal and vegetable origin.

Flesh foods make a num ber of appeals to hum an beings: their com­
parative scarcity gives them status and prestige; w'hen cooked they 
have an agreeable taste; and the high protein and fat contents ensure 
that they remain in the stomach for a num ber of hours after a meal, 
thus imparting a feeling of satiety. In  countries where a wide variety 
of animal and vegetable foods are available, as the economic condition 
of the community or individuals rises, the consumption of flesh foods 
increases, until they provide from 20 per cent to 30 per cent of the 
calories.

N U T R IT IO N A L  EVALUATION OF T H E  T H R E E  CATEGORIES
OF DIETS

M ain ly  flesh  foods

T he hunting Eskimos derive a high percentage of their total food from 
flesh foods. Numerous dietary surveys have recorded intakes of be­
tween 2,800 and 3,500 calories per adult male, with approximately 40 
per cent of calories provided by protein, 55 per cent by fat, and the 
remainder by carbohydrate. Studies of the metabolism and health of 
the Eskimo have shown that so long as large amounts of energy are 
expended collecting food, the high consumption of protein and fat 
does not appear to have detrim ental effects.7

One feature of a high meat diet is that infants in  the post-weaning 
period may not have access to enough nutritious, easily masticated 
and digested foods. If flesh foods are stewed for a fair length of time 
young children can masticate and digest them and get adequate 
calories and most nutrients. Also, if the food is pre-masticated by the 
mother and then fed to the child digestion usually presents no prob­
lem. Tim e and perseverance is an essential factor in this method of 
feeding. However, if the young child is expected to consume partially
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roasted food from the family meals, it may not get enough to eat or it 
may acquire dietetic diarrhoea.

Given an adequate supply of animals or fish we can accept that 
people consuming this type of diet would obtain their calorie, protein, 
mineral, and vitamin requirements.

Vegetable foods

Cereals. These include rice and wheat in Asia, maize in America, and 
the various millets and sorghums in Asia and Africa. W ith the excep­
tion of rice these cereals contain from 9 per cent to 12 per cent protein 
(rice from 6 per cent to 8 per cent) and with the exception of oats all 
contain 1 per cent to 2 per cent fat (oats about 9 per cent). Thus for 
wheat, oats, millet, and maize from 9 per cent to 13 per cent of the 
calories are present as protein-calories; for rice 8 per cent. In  the diet 
of the hypothetical average Australian approximately 12 per cent of 
the calories are provided by protein.

The contribution a cereal or a mixture of cereals makes to the total 
food intake varies widely. Here we will consider the extreme situation 
where up to 90 per cent of the total calories are supplied by cereals. 
W hen the cereal is either wheat, maize, or millet, an intake of 600 
grams, containing about 2,100 calories, will provide the individual 
with about 60 g protein; the same quantity of rice would provide 
about 45 g protein and an intake of about 520 g of oats (containing 
approximately 2,100 calories) would provide 62 g of protein and 45 g 
fat. These protein intakes are within the range of total protein found 
in many experiments to be adequate to m aintain nitrogen balance in 
normal adult males.

However, cereals as a group are low in lysine, one of the essential 
amino acids; but where a cereal has become established as the staple, 
one or more legumes has been adopted as the main supplementary food 
item. In  China it is soya, in India and other parts of South East Asia it 
is a num ber of varieties of pea, in Africa and in Central and South 
America it is one or more varieties of bean. In  Europe from the 
Middle Ages into the nineteenth century when cereals—wheat, barley, 
and rye—provided a large part of the total food consumed ‘pease’ was 
the main supplementary food.

Apart from containing from 22 per cent to 37 per cent protein, these 
legumes are comparatively rich in lysine, thus complementing the 
cereal deficiency. W hole grain cereals and legumes are also both satis­
factory sources of thiamine. W ith the exception of Indian millet 
(Pannicum miliare) and maize, all cereals contain adequate amounts 
of either nicotinic acid or tryptophane (the later can be converted 
into nicotinic acid in the body) to supply the co-enzymes needed in 
metabolism.

At this point we can conclude that when the calorie needs of adult 
males and non-pregnant, non-lactating females are fully met by a com­
bination of three or four parts of cereals and one part of legume, the 
protein and most of the essential vitam in requirements will be pro­
vided.
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Root crops. In this category are potato, sweet potato, taro, yam, cas­
sava or manioc. Two important characteristics of these foodstuffs are 
the high water content, ranging from 60 per cent to 80 per cent and a 
fibre content of between 1 per cent and 2 per cent. The two main 
constituents are carbohydrates, ranging from 20 per cent to 30 per 
cent, and protein which varies widely as the following list of ‘preferred’ 
values show:8

Cassava
Yam
Taro
Sweet potato 
Potato

g/100g
0-7
2-0
2-0
1 -5 (range 0-4 to 3) 
2-0

Viewed on this basis, (g per 100 g) these foods appear poor sources of 
protein. However, when the protein is calculated per 100 calories a 
different picture emerges. It must be appreciated that a staple food­
stuff is, by definition, consumed in quantities which provide a sub­
stantial portion of the calorie requirements. If 2,000 calories are pro­
vided by roots, the following quantities of protein will be obtained:

Protein Protein-calories
g/2000 calories per cent

Cassava 14 2-8
Yam 40 8-0
Taro 35 7-0
Sweet potato 34 7-0
Potato 54 10-8

It will be noted that from approximately 3 per cent to 10 per cent of 
the calories are derived from protein, the remainder are supplied 
by carbohydrates. Cassava is clearly inferior to the other crops and 
will be omitted from these discussions.

Analyses of the various roots have shown that the amino acid con­
tent and the ratio of each essential amino acid to the total essential 
amino acids of the proteins are closer to the Reference Protein than the 
proteins of cereals.9 In other words there is not a marked deficiency of 
any of the essential amino acids as with cereals. So far as I know leg­
umes or any other protein-rich food are not consistently eaten when 
roots are the staple food.

It is noteworthy that where either cereals or root vegetables consti­
tute the staple foodstuff, appreciable quantities of green leaves are 
usually consumed; they contribute small amounts of protein but con­
siderable quantities of calcium, iron, and carotene. Provided the indi­
vidual can consume the necessary bulk of root vegetables to provide 
between 2,000 and 2,500 calories, together with an appreciable amount 
of green leaves, the protein, calcium, iron, retinol (vitamin A activity), 
thiamine, and vitamin C requirements will usually be obtained.

The large bulk, the high water content, and the fibre in these foods 
may be conducive to prolonged digestion with a prolonged low level 
absorption of nutrients from the intestines. If this is so, meals of these
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foods would approach more closely ‘nibbling’ in contrast to three large 
meals of a highly concentrated mixed diet eaten at regidar intervals 
through the day. Frequent small meals have been shown to be associ­
ated with more efficient utilisation of the proximate constituents, 
especially protein.10

Clinical appraisals suggest adults who obtain an adequate calorie 
intake from cereals plus legumes plus green leaves, or root vegetables 
plus green leaves, appear to be adequately nourished.

For infants and children the story is different. In  societies where 
cereals or root vegetables are staple foodstuffs there is usually no food 
which is entirely satisfactory for use in the weaning period and for 
young children. T he traditional practice is for infants to be breast fed 
well into the second or even third year. In  many communities where 
polygamy was, and still is, practised, a wife was not sexually available 
to her husband while she was lactating. This taboo ensured that 
many infants would have part of their calorie and nutrient require­
ments provided by breast milk for a year or more. Supplementary 
feeding with one or more of the family foods was often delayed until 
the child was one year old or until it had cut some teeth.11 T he food 
offered would be selected from the family meal. This may be prepared 
in a special way, premasticated by the mother or fed directly from the 
family pot.

Although milk contains about 88 per cent water, the formation of 
curds in the stomach allows an early escape of much of the whey from 
the stomach to the intestines. T his enables the infant to consume much 
more milk than would normally ‘fill’ the stomach. Although an infant 
may drink 220 cc during a meal, the stomach usually only contains a 
percentage of this am ount by the time the infant has finished drink­
ing; it may be less than half the amount consumed.

Cooked cereals and cooked roots contain from 70 per cent to 90 per 
cent water. Much of this water is in physical and chemical combina­
tion with the carbohydrate, protein, and fibre and will not be released 
until the digestion of the carbohydrate and protein has been at least 
partially completed. A significant part of the meal will not pass into 
the intestine from the stomach in the early stages of digestion. The 
nutritive value of a cereal or root crop meal would be significantly 
lower than a milk meal of the same volume.

M i x e d  d i e t s

T he modern mixed diet has undergone a num ber of significant 
changes in the last 350 years; many of these have been highly desirable 
nutritionally. From the Middle Ages to the beginning of the 
eighteenth century the diet of all but the wealthy consisted of bread, 
usually made of a m ixture of wheat, rye, and barley; peas; salted 
bacon; cheese and milk. Small quantities of vegetables were eaten and 
fruit only in season. T he affluent ate, in addition, meat, poultry, 
venison and other game, often in considerable quantities. T he diets 
of the peasants were adequate by modern standards, (except for vita­
min C; scurvy was relatively common) and were nutritionally superior 
to those eaten by many people today.
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T he seventeenth century saw the beginning of deterioration in the 
nutritive value, as well as a num ber of improvements.12

T he rapid increase in the size of towns and the appearance of new 
towns around sources of fuel, often on relatively infertile land, pre­
sented problems of food supply. At times grain production did not 
keep pace with the rise in population and adulteration of flour became 
common. Towns required large quantities of meat, which was brought 
in on the hoof. However, the meat was of poor quality and often 
decomposing before it was sold. Vegetables and fruit were more 
readily available than meat and relatively cheap so that there was 
a gradual increase in the amounts consumed, especially by the artisans 
in the towns.

T he nineteenth century saw a num ber of substantial changes in 
diet. T he remarkable industrial and commercial expansion, first in 
England and then in other parts of Europe, had been achieved at the 
expense of progressive deterioration in the health of the labour force. 
Under-nutrition or semi-starvation, which had been slowly increasing 
throughout the century, was complicated by the deficiency of specific 
nutrients. Bread supplied the bulk of the calories for large sections of 
the population. T he  introduction of roller-milling of wheat about 
1880 reduced the nutritive value of the bread through the removal 
of significant amounts of thiamine and iron. Much of the butter sold 
in  the eighteenth century and the first half of the nineteenth century 
was rancid. A series of cattle plagues in the second half of the nine­
teenth century sent the price soaring so that a search for substitutes 
began. It is not surprising that unenriched margarine began to replace 
butter. Treacle, which had become popular early in the century, was 
joined by golden syrup after 1880 as the main spreads for bread by the 
poorer people. Cheap jams of inferior quality were also bought in 
large quantities.

Edward Smith, who made a study of the diet of the Lancashire cot­
ton operatives for the Privy Council in 1862, reported that they lived 
largely on bread, potato, oatmeal, bacon (often very fatty), treacle, 
and a very small am ount of butter and tea. Meat and vegetables were 
eaten occasionally.13

The consumption of milk in  any form by the majority of adults had 
never been large from the Middle Ages onward, and throughout the 
nineteenth century its use was largely restricted to infants. The high 
bacterial count of much of the milk sold in cities and towns of Europe 
contributed to the high infantile mortality rate.

Sugar consumption in the nineteenth century increased greatly in 
all industrialised countries. In  300 years the consumption in England 
rose from virtually zero to approximately 50 kg per head per year.14 
T he most spectacular rises over the last 100 years have been in the 
economically advanced countries, but in the last two or three decades 
appreciable increases have occurred in many emerging countries.

A significant percentage of the sugar now consumed by many people 
replaces other foodstuffs (cereals and roots probably) which were con­
sumed by their ancestors. In Australia, the U nited Kingdom, and the
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United States today approximately 15 per cent of the total calories 
consumed by the average person is derived from sugar.

The culmination of the progressive deterioration of physique of 
people in England was recognised with call-up of men for the South 
African war. Rejections for military service over the whole country 
were nearly 40 per cent while in some areas they were as high as 60 per 
cent. Dental caries, heart afflictions, bone deformities, and inadequate 
height were the main causes. In 1883 the minimum height for recruits 
for the infantry had been lowered from 5ft 6in to 5ft 3in and it was 
necessary in 1902 to reduce the minimum height to 5ft. An Inter­
departmental Committee set up by the government found that poverty, 
leading to defective diet, over-crowding, and poor sanitation were the 
causal factors.15 At the beginning of the twentieth century, the diet of the 
working classes and poor in most countries where a mixed diet had been 
traditional for several centuries had a number of serious defects. A 
high percentage of the calories was contributed by refined white flour, 
sugar, and foods with a high sugar content (golden syrup and jam), 
and potatoes; in some respects this type of diet approached the vege­
table diets consumed in Asian countries today, except for the high 
sugar consumption. Unfortified margarine and animal fats were sub­
stituted for butter, the consumption of milk and cheese was low, and 
relatively few green vegetables were eaten. In the first quarter of this 
century pellagra was common among the poor in the Southern 
States of the United States. Their diet consisted mainly of ‘grits and 
gravy’—corn meal and lard. Many infants who were not breast fed were 
inadequately fed. A survey made in Sheffield in 1900 showed that over 
60 per cent of the women in the working class districts were giving 
their babies wholly unsuitable foods. Many were partly underfed, and 
most had insufficient protein. In this respect the dietary deficiencies 
resembled those of many infants in tropical countries today, where a 
vegetable diet is consumed and protein-calorie deficiency is widespread 
in infants and children. A similar syndrome under the name of Mal- 
närscharden was diagnosed in Vienna in 1907.16

THE CHANGES IN THIS CENTURY
Three major developments which have occurred this century have 
brought about considerable changes in the dietary patterns of the 
great majority of people in the economically advanced countries. 
These are:

i the improvements in the standards of living
ii the extension and advances in general education
iii the scientific discoveries.

I m p r o v e m e n t s  i n  t h e  s t a n d a r d s  o f  l i v i n g

A general rise in the standard of living, which began with World 
War I, has enabled increasing numbers of people in all Western 
countries firstly, to purchase enough food to meet their energy needs 
and, secondly, to broaden the range of their purchases to include in­
creasing amounts of the more delectable, prestige foods which are
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valuable sources of vitamins and minerals. In  the United States, where 
reasonably accurate records are available, the consumption of vege­
tables increased by 25 per cent in this period.17 Improved housing 
with better cooking and storage facilities enabled a greater number 
of women to prepare better meals.

G e n e r a l  e d u c a t io n

Universal education has increased the awareness of a larger num ber 
of people of the possibilities available to them. It has facilitated the 
dissemination of information and ideas. T his has probably been as 
great in respect of food and feeding as in any other area of hum an 
behaviour.

T h e  s c ie n t if ic  d isc o v e r ie s

Infant feeding. Around the tu rn  of the century two im portant ad­
vances wrere the recognition that bacteriologically contaminated milk 
was the main cause of gastro-enteritis—the main cause of the exceed­
ingly high infantile mortality rates—and the development of adequate, 
easily digested milk mixtures for the artificial feeding of infants.

Food values. Probably the most significant change in the nutritive 
value of any foodstuff occurred with the introduction of roller­
milling of wheat at the end of last century. T he newly introduced 
white flour became the staple food of the major part of western 
European populations, replacing stone-ground, whole wheat flour. 
This change brought about a marked reduction in the intake of 
vitamins of the B group and of iron, which was not adjusted until well 
into this century when the improvements in economic conditions per­
m itted the consumption of a more varied diet.

T he discovery of the vitamins and their roles in metabolism, the 
common food sources of each vitamin, and the effects of processing 
and cooking on the vitam in content of food has enabled diets for the 
healthy citizen and the sick to be scientifically planned. We know how 
to prevent the nutritional deficiency diseases, even if this is not done 
for political reasons. (Large numbers of people in rice-eating areas of 
Asia still contract beri beri, even though the cause is known 
and a simple method of enrichment of rice is available but is not used.)

We have been able to prevent a num ber of diseases by the judicious 
addition of nutrients to foods, e.g. iodide to salt and bread, iron to a 
variety of foods, fluoride to water, thiam ine and lysine to cereals. 
Interest has been shown recently in the possible effects which changes 
in the methods of farming or animal husbandry are likely to have on 
the nutritional value of the product. T he meat of broiler chickens con­
tains less thiamine and more fat than birds grazed on the open range.18 
Intensively reared beef animals contained less carotene and vitamin A 
than  cattle reared extensively.19 N either of these changes was consid­
ered to be of nutritional significance.

Crawford20 has recently reported a most interesting difference in the 
tissue fatty acids in domestic bovids in  England and free living varie­
ties grazing either on grass lands or semi-jungle in Uganda. In  the
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domestic animals, the proportion of polyunsaturated to saturated fatty 
acids was about 1:50, whereas in the free living animal it was 1:2 or 3. 
There was also a greater diversity of polyunsaturated acids in the free 
living species.

Here may be the possible effects of long-term selective breeding to 
produce beasts with adequate amounts of saturated fats (marbled 
beef). The ‘scrubbers’ of the Queensland outback may have their vir­
tues when judged on this basis. Crawford wonders whether there is 
any relationship between these differences in the fat content of domes­
tic animals and the prevalence of atheroma in human beings who 
eat this food.

Food preservation. Improved methods of preservation, particularly 
refrigeration, deep freeze, and freeze drying have enabled food to be 
stored and transported over great distances thus greatly increasing the 
range and availability of many foods. The outcome has been a more 
varied diet for a larger number of people. In general these methods 
of processing and handling of foods do not significantly affect the 
nutritional value.21

Convenience foods. These are foods which have been prepared to an 
advanced stage towards consumption by food processors. They require 
little or no preparation and cooking by the housewife; e.g. deep- 
frozen fish fingers, TV dinners, most canned food, prepared desserts, 
pre-cooked cereals.

In some instances the nutritive value of the article may be reduced 
by the processing; however, the changes in individual items are not 
significant, although in the aggregate they could be. It is possible that 
in the long term, convenience foods may change materially the dietary 
patterns of significant segments of the population.

EFFECTS OF MODERN MIXED DIETS ON THE BIOLOGY
OF MAN

The outstanding feature of modern times has been the gradual exten­
sion in many countries of the dietary pattern of a few, the elite in 
earlier societies, to the great mass of the popidation. This has not 
occurred suddenly but has taken place over the last 150 years and it is 
still going on. The effects are only slowly becoming apparent and 
there is no reason to believe that all the possible effects have been 
noted.

The range of mixed diets being consumed today is considerable; 
however, they fall into a number of categories according to adequacy 
in calories and essential nutrients and the percentage of calories pro­
vided by protein, the various fatty acids, and by starch and sugars.

Diets which are markedly deficient in calories and some nutrients 
can be detected with a high degree of confidence; diets which provide 
a constant excess of calories are revealed clinically in a comparatively 
short space of time. However, the ideal ratio of calories which should 
be provided by protein, fats, and carbohydrates is still a matter of 
considerable controversy.
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The physical character of the diet, especially the firmness and 
amount of roughage, may also have long-term effects.

I have selected conditions at the end of the nineteenth century as 
the base line against which to make comparisons. A few details of life, 
useful for comparisons, are available for that period, but unfortunately 
details of health and nutritional status, as opposed to disease patterns, 
are meagre. The food patterns, environmental sanitation, and disease 
patterns in the slums of the industrial cities of England at that time 
were not vastly different from those prevailing in many parts of the 
tropics today, where mainly vegetable diets are consumed and poor 
sanitation prevails. For these reasons it is permissible to use results of 
current studies in the latter as the basis for comparisons with current 
conditions in populations who have for some generations consumed a 
modern mixed diet.

The following biological characteristics will be discussed: 
growth
biochemical maturation 
reproductive efficiency 
the degeneration of certain tissues 
tooth structure and gum health.

G r o w t h

Over the past 100 years the mean heights and weights of children at all 
ages have increased each generation.22 In addition the mean heights 
of adult men and women have also increased, but this increase is much 
less than the increase in children.

An increase in the mean height or weight of boys or girls of a speci­
fied age between two points in time could be due either to larger 
measurements for most children or to a reduction in each successive 
cohort of the numbers of children of small stature and low weight. 
Both changes have undoubtedly occurred. However, there is clearly an 
upper limit to rates of growth: an individual cannot exceed his genetic 
potential in height but he may put on an excessive amount of fat, thus 
affecting his body weight. In recent times there have been only slight 
increases in the mean height of children from the better socio-econ­
omic groups in America, indicating that in previous decades the 
majority in this class achieved their potential.2® The gradual disap­
pearance of children whose growth has been stunted is probably the 
major factor in the change in mean heights.

The change in the mean height of adults can be due to a greater 
percentage of people reaching their genetically determined height. A 
long series of measurements of Norwegian men gives a good indication 
of the changes in growth rate, as the following figures show:24

1760-1830 =  70 years — 0-4 inch or 0-057 inch per decade
1830-1875 = 45 years — 0-6 inch or 0-125 inch per decade
1875-1935 = 60 years — 1-5 inch or 0-25 inch per decade
1935-1965 = 30 years — 1-0 inch or 0-33 inch per decade.
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In  Europe the diet of labourers began to improve about 1815 but 
substantial changes did not occur until about 1850; although the im­
provement was rapid from that time onward, there were periods asso­
ciated with depressions and wrars when the rate slowed up.

T he causes of these changes are environmental. T he most obvious 
is better cellular nutrition, which means a more constant and adequate 
supply of nutrients at all glowing points, whether structural or func­
tional (enzymatic). T his in turn depends upon the ingestion of ade­
quate quantities of the right kind of foods and intact biological systems 
to ensure satisfactory digestion and absorption. Later it will be pointed 
out that chronic infection, particularly gastro-intestinal infection, 
interferes dramatically with nutritional status. Periods of acute under­
nutrition in previously well nourished children are accompanied by 
delayed growth, but when the food intake is restored there is usually 
a satisfactory ‘catch-up’ in growth rates.25 W hen chronic undernutri­
tion extends over much of the growing period there is delayed m atura­
tion with stunting in adult life. T he  differences in height between 
American born Japanese and Japanese from the same ethnic group 
born in Japan supports this.26 T he follow-up of young children who 
had severe protein-calorie m alnutrition showed that three and four 
years later their height remained well below that of unaffected child­
ren, although it was better than that of their siblings.27

Recently we followed up a num ber of infants whose weight at 12 
months of age was above the 97th percentile. T h e ir height and weight 
at 3 and 4 years of age were compared with those of infants whose 
weight was between the 40th and 60th percentile at 12 months of age. 
T he heavier infants were both taller and heavier at three and four 
years, being equivalent to children about a year older. We wondered 
if excessive feeding in infancy had stimulated above average secretion 
of insulin and growth hormone which in tu rn  had stimulated higher 
growth rates of soft tissues.28 If this is the sequence of events, we are 
justified in asking whether a perm anent pattern  has been established, 
laying the foundations for the obesity which is a common feature in 
populations consuming the modern mixed diet.29

Growth in length of long bones (the main component in increments 
on height) proceeds in two stages: the deposition of a cellular matrix, 
which later undergoes calcification.30 R etardation in growth is largely 
due to reduced cellular growth, the possible causes of which will be 
discussed shortly.

Growth in muscles in conditions of undernutrition  has been 
studied.31 Jansen compared the skin fold measurements, height and 
weight of groups of well nourished and poorly nourished people in 
West Irian. T he height and weight of the poorly nourished were less 
at all ages than those of the better nourished. However, those children 
who came from a locality where the protein intake was around 16 g per 
day had more subcutaneous fat than those who came from a locality 
where the protein intake was about three times greater. T he muscular 
growth, as measured by the diameters of the calf and thigh, were 
greater in the higher protein group. An adequate protein intake en­
sured growth in size of muscle cells, whereas in the lower protein
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groups, the intake of protein was insufficient to meet all protein needs 
and the lower priority tissues were affected, but the food intake pro­
vided calories which were deposited as fat.

Studies on African infants suggest that in the second half of the first 
year and for some time in the second year skeletal musculature under­
goes rapid expansion in size, providing the diet is adequate. T he pat­
tern of muscle growth at this time seems to determine the extent of 
muscle growth during later childhood. T he ultim ate muscular pattern 
of an individual is genetically determined, but whether this is achieved 
must depend upon the long-term nutritional status and if the studies 
of McFie and W ilbourn32 are an indication, the significant period is 
early in  childhood when the pattern of muscle growth is being estab­
lished.

From these various studies we are justified in advancing the hypo­
thesis that some of the increase in mean weight of girls and boys at 
different ages in  recent times is due to additional musculature. How­
ever, we cannot ignore the fact that in any collection of children 
today a significant num ber will be frankly obese due to excess depo­
sition of fat. Mayer has shown that obese pre-school children become 
obese adolescents and so obese adults.33 T he desire of parents today to 
achieve adequate nutrition  in their infants and children is an under­
standable reaction to the undernutrition and starvation so prevalent 
in many parts of Asia, Africa, and America, of which we are continu­
ally made aware by the modern techniques of communication. Clearly 
some parents are carrying the efforts beyond the optimal and thus may 
be creating a num ber of potential health problems in their children.

Cheek has recently made an im portant contribution to our under­
standing of growth.34 He has used the fact that the amount of 
DNA per nucleus is constant at 6-2 /xg, to estimate the num ber of cells 
in a tissue. T he  protein content of a muscle can be obtained and, since 
the ratio of protein to cell water is constant, muscle cell size can be 
calculated. Using these facts he has been able to show that between 
b irth  and sixteen or seventeen years of age the number of muscle 
cells in boys increased about fourteenfold and in girls about nine or 
tenfold. For girls the increase is linear but for boys it is quadratic, 
with the break about ten years of age, corresponding to the adoles­
cent growth spurt. Newly produced muscle cells will increase to their 
potential size provided the diet is constantly adequate and the muscles 
are given a regular heavy work load.

For some years it has been recognised that insulin plays an im portant 
part in the synthesis of protein tissue35 and a num ber of recent studies 
has shown that the ingestion of food incites the secretion of insulin 
and growth hormones in a specific pattern.36 It is reasonable to specu­
late that the response of the pancreas and pituitary is quantitative. 
Children who have a prolonged absorption of glucose would presum­
ably secrete extra amounts of insulin for a longer time than those with 
a shorter absorption period. Insulin and insulin plus growth hormone 
stimulate the synthesis of tissue protein.

Prolonged glucose absorption is likely to occur when the diet con­
tains sugar and starch in a num ber of forms. Digestion of disaccharides
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with the release of glucose would occur early in digestion followed by 
the conversion of the starch in cereals (readily available to immediate 
enzyme action) to disaccharides and glucose, followed by the slower 
release of starch from vegetable leaves and roots. T his sequence might 
occur several times a day in an infant. Constant over-eating could, in 
this way, establish a pattern of metabolism leading to early m aturation 
and perhaps obesity.

T he growth of the brain in children suffering from severe undernu­
trition has stimulated considerable interest in recent times. Ever since 
protein-calorie deficiency has been recognised as a distinct syndrome, 
depression and marked apathy have been accepted as part of the syn­
drome.37 Several investigators claim that the brain of these children 
is significantly smaller than that of non-malnourished children from 
the same ethnic group.38 These findings immediately raised the ques­
tion whether there was an accompanying mental retardation. One 
study in Mexico found low scores in all fields of behaviour. It was also 
found that the elaboration of inter-sensory relations, which represents 
a set of developmental functions showing age-specific characteristics, 
is delayed in children with poor somatic growth due to undernutri­
tion.39

It is early days in the investigations into the relationship between 
nutrition, cellular growth and intellectual behaviour bu t the observa­
tions so far made permit us to specidate that adequate nutrition  in 
infancy and early childhood in recent times, in addition to ensuring 
that children will reach their potentials in respect of height and 
muscle development, will also enable them to reach their potential in 
respect of brain size and thus be capable of full intellectual develop­
ment.

It is impossible to say whether a greater percentage of the popula­
tion has been given the opportunity of achieving greater intellectual 
development in the last quarter century but it is an interesting 
thought.

B i o c h e m i c a l  m a t u r a t i o n

T he average age of the menarche, in European countries for which 
satisfactory data are available over an extended period, has apparently 
fallen from 17*5 years to about 12-5 years over the last 100 years. This 
change has not occurred uniformly in the same country; for example, 
the nomadic Lapps of Norway had much the same average age of 
menarche (16-5 years) from 1870 to 1930, while during the same 
period the average of town-living girls declined by nearly two years.40 
T he difference between rural and urban dwellers has been noted by 
several investigators.

All writers on this subject conclude that improved nutrition  has 
been largely responsible for the progressive decline of the average 
age. Recent studies in a num ber of countries have revealed a high 
degree of uniformity in the average age of the menarche in girls 
from widely different cultural backgrounds and variable but seemingly 
adequate food intakes. This would suggest that the floor has been 
reached in the mean age of the menarche in most countries.41
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W hile the age of menarche in an individual girl is almost certainly 
genetically determined, the actual event will be initiated by the 
release in adequate quantities of the appropriate hormones. In  other 
words a girl must reach a definite level of biochemical m aturation 
before the menarche will occur.

Garn and Haskell42 have shown that the thickness of the subcutane­
ous fat in pre-puberty (8-5 years for girls and 9-5 years for boys) 
correlated well with the age of the menarche and the year of completed 
epiphyseal union of the tibia, itself the result of hormone activity.

Children suffering from protein-calorie deficiency appear to have 
delayed or reduced production of a wide range of enzymes. Abnor­
malities in the metabolism of the aromatic amino acids similar to 
those found in some of the inborn errors of metabolism have been 
described in these children.43 These abnormalities disappear when the 
protein-calorie deficiency is adequately treated. This is undoubtedly 
an extreme form of delayed biochemical m aturation, but these events 
give an indication of the effects of undernutrition on some areas of 
biochemical m aturation.

Sexual m aturation is one of the few areas which demonstrate the 
variation in biochemical m aturation in the normal population. Al­
though this is a biological phenomenon its consequences are almost 
wholly sociological. Many societies are having difficulties in adjusting 
to the fact that the gap between biological m aturity and social/econ­
omic m aturity is widening as a result of the improvement in the 
nutritional status of children.

R e p r o d u c t iv e  e f f i c i e n c y

For many years nu trition  workers have been concerned about the 
nutrient requirem ents of the pregnant woman and the possible 
effects of inadequate diets on the progress of pregnancy, labour, and 
the health of the infant.

Early investigators assumed that pregnancy was a state of extreme 
nutritional stress, believing that the pregnant woman must consume 
sufficient calories and nutrients for a non-pregnant woman plus the 
additional quantities needed for the foetus and the extra tissues asso­
ciated with the pregnancy. It was commonly believed that food intakes 
which are adequate for the non-pregnant woman may be grossly 
inadequate during pregnancy.

It is now recognised that physiologically the pregnant woman is not 
equivalent to a non-pregnant woman plus a foetus; she is a biological 
entity, having distinct physiological and biochemical characteristics. 
The pregnant woman retains additional protein,44 has increased 
absorption of dietary iron and calcium and vitam in B12 and the u rin­
ary excretion of calcium, thiamine, and riboflavin is reduced.45

This capacity for adaption allows the non-pregnant woman who is 
consuming a barely adequate diet and who becomes pregnant to meet 
the needs of pregnancy without substantial additions to her diet. It 
does not, however, help a woman who has been chronically under­
nourished for a large part of her life to provide adequately for her 
foetus without considerable sacrifice of her own tissues.
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We do not have any satisfactory inform ation on the weight gains 
of undernourished pregnant women in Europe during the second 
half of the nineteenth century but we do have some inform ation for 
women in a num ber of tropical countries today. T he following figures 
of weight gains during pregnancy were collected by the author during 
two assignments with the W orld Health Organization:

W eight gains during pregnancy

Gained 8-11 kg

Taiw an 
% of women 

25

Ceylon 
% of women 

10
5- 8 kg 25 32
3- 5 kg 30 30

less than 3 kg 15 23
Lost weight 5 5
No. of records 130 88

I t would appear that a significant num ber of women failed to gain 
an am ount of weight equal to the weight of the baby they produced 
and a few women actually lost weight. It would be unreasonable to 
assume that the foetus is unaffected when the mother suffers severe 
tissue destruction.

Antonov46 described the consequences for pregnancy of the siege of 
Leningrad during W orld W ar II. Amenorrhoea was common and 
relatively few pregnancies were recorded, most of them in women who, 
for one reason or another, received priority rations. Birth-weights 
were 400-500 g below the average for the periods before and after the 
siege. A similar story is told in respect of the blockade of Rotterdam  
from October 1944 to May 1945. It is estimated that adults consumed 
about 800 calories per day.47 About 50 per cent of the urban women 
had amenorrhoea and the birth  rate subsequently fell to about one- 
third of normal. T he average birth weights of infants who spent the 
third trimester of pregnancy during the height of the famine was 
about 240 g lower than the periods before and after the blockade.48

It would seem that gross undernutrition in the mother can affect 
the birth  weight of the foetus.

Thom son and H ytten49 correlated the birth  weights of infants and 
the incidence of prem aturity in 479 primiparous Aberdonian women 
with their estimated calorie intake during the latter part of pregnancy. 
T he following figures show the effects of increasing calorie intake:

Mean Premature
Calories birth weight kg %

Less than 1,800 3-09 8-5
1,800 3-19 5-7
2,200 3-21 7-7
2,600 3-21 4-8
3,000+ 3-33 1-5

Comparisons of the birth weights of infants born to women in the same 
ethnic group but in different socio-economic classes have revealed that
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well-to-do women tend to have bigger babies than do poor women.50
It is now recognised that a significant percentage of infants born in 

populations consuming inadequate diets formerly considered pre­
mature are in fact full term-small weight babies, now described as 
dysmature. Numerous studies show that as the level of food intake 
rises in a community, the number of small-for-age babies and the still­
birth rate both decrease.51

Over the last twenty years or so obstetricians in most Western coun­
tries have endeavoured to control the weight gains of pregnant women 
by diets as a means of preventing toxaemia of pregnancy. The type of 
diet usually recommended will also ensure the transfer across the 
placenta of adequate amounts of the essential nutrients. This may be 
the explanation for the change in the average growth pattern of infants 
born in the last few years in New South Wales compared with those 
born thirty years ago.52 Currently infants grow much more rapidly in 
the first three months, even though the mean weight at three or four 
months may not be much greater than the mean weight of the infants 
thirty years ago. We might speculate that the modern infant has 
more adequate tissue reserves at birth which augment oral intakes in 
the early post-natal period.

The conclusion for this section is that in the last quarter century or 
so diets of pregnant women in many parts of the world, especially in 
developing countries, have improved significantly, due to a number 
of factors. These include better understanding of the dietary needs of 
pregnant women, improved economic conditions, enabling greater 
percentages of women to purchase more nutritious foods, the efforts 
of obstetricians to prevent toxaemia of pregnancy. The outcome has 
been a lowering of the maternal mortality rates, fewer premature and 
dysmature babies, fewer still-births, a lower infantile mortality rate, 
and probably more rapid growth in the early months of life.

T H E  DEGENERATION OF CERTAIN TISSUES

One outstanding feature of Western communities is the high preva­
lence of ischaemic heart disease associated with atherosclerosis. Two 
features of the diets in most Western communities are the high con­
sumption of saturated fats and sucrose.

In a series of cross cultural studies Keys was the first to show that in 
populations which derived more than 40 per cent of their calories 
from fats, most of which were saturated, there was a high prevalence 
of atherosclerosis and the serum cholesterol was high and rose progres­
sively with age. The reverse was true of populations with a low con­
sumption of fat.

Furthermore, he showed, within the same ethnic group, that, as the 
percentage of calories provided by fat rose, so did the serum choles­
terol.53 It is common knowledge that the substitution of polyunsatur­
ated fats for a significant percentage of saturated fats will result in a 
lowering of the serum cholesterol levels.

A high intake of saturated fats is not of itself the cause of an 
increased prevalence of atherosclerosis and of high serum cholesterol 
levels. This has been demonstrated by the studies made by Gsell and
K
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Mayer54 of Swiss dairy farmers who consumed up to 6,000 calories a 
day, about 50 per cent of which was contributed by saturated fats. 
The amount of atherosclerosis was minimal and death rates from 
ischaemic heart disease extremely low. These people work hard 
throughout their lives carrying heavy loads up and down the steep 
mountains; in doing this they apparently utilise the calories as they 
are consumed.

The high sugar content of modern diets has been the subject of a 
number of papers by Yudkin.55 He points to the close correlation be­
tween the progressive rise in the consumption of sugar in a number of 
countries and the increase in the prevalence of atherosclerosis and of 
ischaemic heart disease. It has been reported that an increase in the 
proportion of carbohydrates supplied as sucrose is followed by a 
marked rise in serum-triglycerides and a lesser increase in cholesterol 
concentration. The substitution of starch for sucrose in a high carbo­
hydrate diet reduces the serum-triglyceride concentration.56

The relationship of high serum cholesterol or high serum-trigly­
ceride levels, either separately or in combination, to ischaemic heart 
disease is a matter of much investigation at the present time and to 
digress further into this controversial topic would be too time-occupy­
ing. The point to be made here is that modern mixed diets with their 
high content of saturated fats and of sugar appear to bring about changes 
in the metabolism of glucose and fatty acids which in some way lead 
to an increase in atherosclerosis. However, other factors, such as insuffi­
cient physical activity, itself a characteristic feature of a high per­
centage of people consuming a Western-type modern mixed diet, 
appear to make a contribution.

D e n t a l  c a r ie s , p e r io d o n t a l  d ise a s e s , a n d  m a l o c c l u s io n

Dental caries. Present knowledge suggests that dental caries is a multi- 
causal disease depending on genetic, dietary, and microbiological 
factors.

Dietary factors include both the chemical composition and character 
of the food. Epidemiological data suggest that unrefined cereals are 
less cariogenic than highly refined cereals. In 1941 Osborn57 postulated 
the existence of a ‘protective agent’ in crude cereals and also suggested 
that sugar cane and sugar cane juice contained a substance missing in 
highly refined sugar.

The occlusal surface of molars and bicuspids, the promixal surfaces 
and the gingival third of the labial and buccal surfaces are the ‘sites 
of election’ of caries. They are also sites where debris can collect most 
easily and facilitate the formation of mucinous plaques. These are 
composed of proteins and a mass of interwoven organisms.

The effectiveness of the plaque as a barrier between solutions in 
the oral cavity and the surface of the tooth depends on the concentra­
tion of oral solutions. In the resting phase the saliva is free of sugar, 
but after a meal rich in sugar the concentration of sugar in the plaque 
rises steeply and the pH in a dental cavity under the plaque can drop 
from 7-0 to below 5-0 in a few minutes and remain down for upwards 
of two hours.58



SOME EFFECTS OF DIFFERENT DIETS 127

The Vipeholm study in Sweden59 confirmed that the prevalence of 
caries increased as the sugar consumption rose; the risk is greater if the 
sugar is consumed in a form which has a strong tendency to remain on 
the surface of the teeth, that is toffee and other sticky confectionery. 
The risk is greatest if the sugar-rich food is consumed between meals.

Modern merchandising, with the display of chocolates and confec­
tionery in prominent places in supermarkets (e.g. beside the cash regis­
ters), and the marketing of ‘TV’ confectionery, presumably to be con­
sumed while watching television, together with the increasing con­
sumption of frozen desserts, ice-cream, flummeries, etc., which contain 
much more sugar than desserts set at room temperature, are designed 
to ensure a progressive increase in the consumption of sugar.

Periodontal diseases. Periodontal diseases are major causes for the loss 
of teeth throughout the world today. It is clear from fragmentary 
documentary evidence and paleopathological studies that man has 
been subject to periodontal disease since prehistoric times.60

Periodontal diseases have been associated with many etiological fac­
tors, including malocclusion, micro-organisms, malnutrition, specific 
nutrient deficiencies, poor oral hygiene, calculus. The changes, charac­
teristic of the disease, appear to be correlated with aging, which has 
prompted the suggestion that age is an important factor in the 
etiology.

Periodontal Index scores for persons aged forty to forty-nine years 
in a number of populations throughout the world have been studied 
by Russell.61 He showed a wide range of prevalence, the lowest being 
in white Americans and the highest among primitive groups in Viet­
nam and similar localities. Russell concluded that periodontal disease 
is not a manifestation of a specific nutritional deficiency, but he could 
not ride out the possibility that a combination of dietary factors may 
be causally associated with the disease.62 Despite much research into 
this disease, the full etiological picture has not been determined.

Malocclusion. The food of Stone Age man was tough, hard and prob­
ably highly gritty from the cooking methods and it contained much 
indigestible bulk. He spent a much longer time chewing his food than 
modern man. We have already pointed out that one of the character­
istics of modern diets is the softness of most foods, even flesh foods are 
usually prepared and cooked in such ways as to render chewing un­
necessary.

The prolonged chewing and the nature of the food eaten by primi­
tive peoples caused both the deciduous and permanent teeth to 
undergo extensive and rapid attrition. This occurred on three sur­
faces, the occlusal, proximal and incisal surfaces, and resulted in the 
continual reduction of the size of the teeth. As a consequence teeth 
changed shape and position with age. There was a progressive mesial 
migration of the molars, which allowed the much earlier eruption of 
the third molar. In primitive people with extensive attrition the third 
molar apparently erupts about two years after the second molar. At 
this age the roots have not completely formed.63 In civilised man, be-
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cause of non-attritional occlusion, the third molars are the only teeth 
that have completed the formation of their roots before eruption.

The observations of anthropologists that there was a relatively 
lower incidence of tooth irregularity and crowding in primitive man, 
compared with its higher incidence in civilised man, led to the almost 
certainly erroneous conclusion that there had been an evolutionary 
reduction in the size of the jaws. T he modern view is that lack of 
adequate attrition in civilised man, because of the character of the 
food eaten, is a much more likely explanation.

W ith the prospects of still more soft and pappy foodstuffs in the 
future, particularly with the greater use of convenience foods, we can 
expect dental overcrowding to continue to be a troublesome problem.

CONCLUSIONS
A mixed diet, that is one in which a significant portion of the total 
food consumed is of animal origin, has been consumed by some human 
beings for thousands of years. Today it is the characteristic diet of the 
majority of the people in  Western societies and is consumed by an 
increasing num ber of people in developing countries.

In  Europe through the seventeenth, eighteenth, and nineteenth cen­
turies a large percentage of the population, although nominally con­
suming a mixed diet, ate small amounts of animal foods. In  this re­
spect they probably differed little from large sections of the popula­
tions in developing countries today. T here is good evidence that the 
poor in  most Western countries at the end of last century ate diets 
deficient not only in calories, but also in protein and other essential 
nutrients.

A number of im portant changes have occurred in the dietary pat­
terns of the populations of W estern countries this century. Firstly, 
increasingly more people are eating adequate quantities of those 
foods which provide essential nutrients and the great majority of 
people have enough to eat. However, there are minorities who are not 
adequately fed.

T he per capita consumption of flesh foods, milk, vegetables, and 
fruit has increased, due mainly to more people eating more of these 
foods. T he consumption of sugar and fat has increased markedly in 
some countries.

T he recent work of Crawford64 suggests that selective breeding of 
cattle and sheep to produce prime beasts at early ages and intensive 
feeding with improved pastures and concentrates have also produced 
beasts which are markedly different from ‘bush’ raised wild cattle and 
perhaps ‘bush’ raised domestic cattle. These differences include both 
the quantity and quality of body fat and that dispersed through the 
muscles. These changes could be significant in a num ber of ways for 
people consuming prime quality flesh foods. T he total fat intake and 
the nature of the fatty acids could be factors contributing to obesity 
and perhaps the degenerative changes in tissues.

Perhaps the most significant change has been the increased consump­
tion of protein-rich foods by infants and children (mostly milk and 
m eat).
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A number of parallel changes have occurred which almost certainly 
bear a cause-and-effect relationship to the changes in dietary patterns. 
These include increased rates of growth of infants and children, earlier 
maturation of girls and boys, increases in the final adult height, mark­
edly reduced age-specific death rates up to middle life, greater repro­
ductive efficiency, but there has also been an apparent increase in the 
prevalence of the degenerative diseases.

The constantly high consumption during infancy and childhood of 
some foods, especially those which permit the rapid and constant 
release of glucose into the blood stream, may set patterns of both 
food intake and metabolic processes which persist for long periods in 
the life of the individual.

There is no evidence that early maturation, of itself, is beneficial 
to the individual. It is possible that it is sociologically undesirable in 
modern Western cultures. Early maturation may guarantee an ade­
quate supply of the raw materials for antibody formation and it may 
provide a buffer against the stresses of daily living by ensuring that 
there is always a large labile reserve of nitrogen, but it may condition 
the individual to a particular type of diet and tissue metabolism.

Epidemiological studies in many countries suggest a causal relation­
ship between diet and atheroma and so perhaps to coronary heart dis­
ease. Attempts have been made to incriminate specific foods but it 
may be that the great reduction in activity, characteristic of so many 
people in the countries with high mortality rates for ischaemic heart 
disease, in association with a constant abundance of foods, may be 
just as important, as Hipsley and Furnass have pointed out.65

Teeth, gums, and jaw structure each appear to have been affected 
by modern diets. The consumption of foods rich in sugar at particular 
times in the day has been shown to correlate closely with the caries 
rate; soft foods which require no chewing appear to be associated with 
gum diseases and inadequate development of the jaw.

If we were accountants and had the task of establishing a balance 
sheet of the effects of the modern mixed diet on the biology of man 
it would be interesting to see the magnitude of the overall credit or 
debit.

Summary
The first man ate venison and such animals as he was able to drive 
into rudimentary traps; he also probably ate berries and fruits. Many 
thousands of years later he learned to cultivate cereals and so estab­
lished relatively permanent communities. From this time onward 
variable numbers of people at different times in history and in many 
places have consumed diets containing significant amounts of animal 
foods as well as vegetable foods, i.e. mixed diets.

Mixed diets have been eaten by Western-derived societies for at least 
the last 1,000 years, but have become characteristic of those societies
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in the last 350 years. The elite have always enjoyed a mixed diet, peas­
ant farmers did during the Middle Ages in Europe, but the majority 
of the population seldom ate more than token amounts of animal 
foods after the onset of the industrial revolution until well into this 
century.

A mixed diet has become the characteristic diet of most peoples in 
Western societies and the elite in the majority of the developing coun­
tries this century.

These substantial changes in dietary patterns have been associated 
with greatly accelerated rates of growth in children; earlier biochemi­
cal maturation, as revealed in the earlier menarche; reduced mortality 
rates, especially in infancy and early childhood.

The reproductive performance of women appears to have been 
substantially improved, resulting in lower perinatal deaths and an in­
crease in the average weight at birth.

On the debit side is an increase in the degenerative diseases, dental 
caries and malocclusion.
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Comments
e . h . h i p s l e y  W hat is impressive about the nutrition  of Australians, 
in common with Americans, British, and some other Europeans, is 
the increasingly rapid rate of m aturation and the progressive increase 
in body size with succeeding generations. We should not assume that 
these nutritional changes are unalloyed benefits, since there is reason 
to believe that some metabolic and degenerative diseases of later life, 
as well as social problems, may have their origin, in part at least, in 
these nutritional changes.

Judgm ents of what is nutritionally valuable and what is worth­
less or even harmful can only be made in terms of goals. Goals vary 
from person to person and from time to time. Therefore, before we 
can speak meaningfully of ‘improved nu trition’, or ‘poor nu trition’, 
we must specify the goal to which we are referring. For example, if our 
aim is to produce a policeman or a jockey, what is a good nutritional 
schedule for the one, would be a poor one for the other. On the other 
hand, if our aim is to produce octogenarians, both schedules could 
be poor ones.

Dr Clements indicated that Western civilisation has introduced pro­
found changes in infant feeding practices. Breast feeding has greatly 
diminished in importance, being replaced by bottle feeding with cows’ 
milk modified by dilution with water and the addition of sucrose. 
Breast milk is a low-protein, high-fat food, in which 6 to 7 per cent of 
the calories are derived from protein and 53 per cent from fat, whereas 
in modified cows’ milk m ixture 14 per cent, or twice this proportion of 
calories, are derived from protein, and a considerably lower proportion 
of the calories from fat. In  view of the fact that the infant has a limited 
capacity for utilising protein,1 and that fat has a special place in infant 
metabolism, you may well ask, as Dr Clements has done, whether 
later in life pathological states are not ultimately derived from early 
well-meant clinical and nutritional maltreatment.

In  his paper on ‘Biological Freudianism ’, Professor Rene Dubos2 
has drawn attention to the fact that the first adaptations to a situation 
are more im portant than later adaptations because they condition the 
latter through a mechanism of biological memory. Therefore, we must 
very carefully scrutinise the effects of dietary patterns in the early 
months of life. In  fact, it is clear from much evidence, including that 
from children born to diabetic mothers, that we must also consider 
the nature of the m other’s diet and metabolism.

Dr Clements pointed out that ‘during this century, infants and 
children, in many parts of the world have moved into a privileged
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position dietetically’. He also points out that ‘some parents are over­
feeding their children’. I would like to remark that doctors and 
dietitians are by no means innocent in this situation, since they com­
monly teach that children need ‘special foods’, for example, protein- 
rich weaning foods. There is actually no scientific reason for holding 
this view. I believe that confusion on this point has arisen because 
protein needs are commonly expressed in terms relating them to body 
weight. It is certainly true that protein needs per unit of body weight 
are higher in children than in adults, for example, comparable figures 
recommended by WHO are 1 -5 g protein per kilogram of body weight 
for children, and 1 -0 g/kg for adults. But the fact that energy needs of 
children are also considerably greater per unit of weight means that 
exactly the same foods will meet the protein needs of both age groups 
equally well. Moreover, it can be argued on psychosocial and even 
economic grounds that it may be undesirable to encourage dietetically 
a child elite group.

In New Guinea, where infants are suckled by their mothers and 
children eat the same types of food as do their mothers, one is im­
pressed, not by the numbers of malnourished children (although 
these occur), but by the numbers of healthy looking children consum­
ing diets which on European standards would be considered grossly 
inadequate. It is my impression that, providing the child has the 
opportunity and encouragement of the mother to eat frequently and 
enough of the ordinary foods of the area, and providing extraneous 
factors such as infectious disease do not intervene, the children derive 
a satisfactory nutritional state. It is true that they mature more slowly, 
and do not grow to such a large adult size, but in many circumstances 
this may be no disadvantage—in fact, it could be advantageous.

This, of course, is a value judgment. In making it, I have been con­
siderably influenced by the words of Professor Rene Dubos in his 
remarkable book The Mirage of Health.3 He says:

‘The kind of health that men desire most is not necessarily a state 
in which they experience physical vigor and a sense of well-being, not 
even one giving them a long life. It is, instead, the condition best 
suited to reach goals that each individual formulates for himself.’

This seems to me a very valuable concept that could lead to the intro­
duction into biology of a useful ‘theory of value’—a pressing need.

Dr Clements mentioned the possibility that the increase in rates of 
growth and maturation may be the outcome of abundant supplies of 
energy substrate and protein for prolonged periods each day. This 
‘time factor of energy exchanges’4 is important. Many authors have 
shown that the timing of meals has a profound metabolic effect, 
namely that eating large infrequent meals (‘meal-eating’) encourages 
energy storage as fat, whilst small frequent meals (‘nibbling’) discour­
age it. But there is another property of food that concerns ‘the time 
factor’. This is the ease of digestibility. Meals of sugary foods, flour, or 
sweet potato may all have equivalent energy values, but the times at 
which they yield their nutrients to the tissues of the body to take part
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in metabolism are quite different. Sugary foods do this rapidly whilst 
sweet potato takes a much longer time. Finally, there is the factor of 
the time relationship between energy intake as meals, and the energy 
expenditure as activity. T he New Guinean who, before he can eat his 
main daily meal, must expend energy in collecting food from his gar­
den, and who eats the not-so-easily-digested sweet potato, has a vastly 
different metabolic pattern from the city dweller who can obtain his 
readily digested cordials, sweetened desserts, biscuits, and cakes with 
little more effort than that occasioned by dipping into his purse.

Diseases in  which nutrition plays a part may result from too much 
(surfeits), or too little (deficiencies). N utritional health lies some­
where between these extremes: the exact point will depend on the 
nature of the dom inant goals, conscious or unconscious, of the particu­
lar person. I am impressed by the fact that in our feeding relationship 
with our environment we oscillate between hunger on the one hand 
and satiety on the other. I suspect that our enjoyment of life is at its 
best and most piquant when our various needs are in the process of 
becoming satisfied, i.e. neither being satisfied, nor being too unsatis­
fied. It is evident that many of the afflictions of affluent civilised man 
result from a more or less chronic state of satisfaction of material 
needs—in other words, from a state of arrivedness. Paradoxically, it 
seems that satisfaction of his material needs leads to undersatisfaction 
of his spiritual needs. So far as the need for food is concerned, I be­
lieve it is wise for the affluent man, in  most circumstances, to avoid 
gluttony (or oversatisfaction) in all its forms.

1 P. Hahn and O. Koldovsky, Utilization of Nutrients during Postnatal Develop­
ment, Oxford, 1966, Pergamon Press.

2 R. Dubos, ‘Biological Freudianism: Lasting Effects of Early Environmental 
Influences’, Pediatrics, No. 38, 1966, 789.

3 R. Dubos, The Mirage of Health, New York, 1959, Harper and Bros., 233.
4 E. H. Hipsley, ‘The Time Factor in Energy Exchanges’, Food and Nutrition 

Notes and Reviews No. 21, Commonwealth Department of Health, Canberra, 1964, 
100.

Discussion
h e t z e l  (Chairman) Perhaps I could take the liberty of asking the 
first question. I think we have touched on the question of sex this 
morning. T he age of puberty in the female seems to be a very good 
indication of nutrition. Dr Clements pointed out the very striking 
change that has occurred over the last hundred years in Europe—as 
so often we are indebted to the Scandinavians for precise data. I just 
wanted to ask Dr Clements about the medieval situation when we are 
accustomed to girls being married at the age of fourteen. Is it true 
that the menarche did occur early, perhaps only in the elite in a rural 
setting as opposed to later after the industrial revolution?

Cl e m e n t s  I think you are providing part of the answer yourself in 
this. First of all I do not think we have the kind of inform ation on a
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wide enough scale to answer your question, but you made reference 
to the elite, and most of the recorded facts of this kind are recorded in 
respect of the elite. Peller1 published a very interesting paper some 
years ago on the reproductive efficiency and the infantile mortality 
rate in the leading families of Europe in the sixteenth, seventeenth, 
and eighteenth centuries. And they had infantile mortality rates, at 
least judged on the records that are available, which were consider­
ably better than the remainder of the population; these low ratios have 
only recently been improved. They were obviously able to produce 
well and they were able to look after the products of their production 
because they were so important in the power struggle in Europe. It 
would appear from Peller’s work that at least the women in the elite 
had an early menarche. I know nothing about the peasants.

IS. Peller, ‘Studies on Mortality since the Renaissance’, Bull H ist .Med., No. 13, 
1943, 427-61.

dubos Last year there was published a book called The World We 
Have Lost by Peter Laslett from Cambridge University. The theme 
of the book is a reconstruction from historical documents of the ways 
of life in England before the industrial revolution—the world we have 
lost being the world as it was before the industrial revolution. Three 
chapters of the book deal precisely with the question that you have 
raised and the answer is organised naturally about that section from 
Romeo and Juliet where Shakespeare states that the proper age of 
marriage is fourteen. The author of The World We Have Lost clearly 
points out, however, that Shakespeare in Romeo and Juliet was talk­
ing about a very special class of people. From information about the 
date of marriage in the different social classes, both urban and rural, 
in Shakespeare’s time, he concludes that there was a difference of at 
least three to four years between the different classes in the age of first 
menstruation, as recorded in family bibles, and indicated by the age of 
marriage. It seems certain, therefore, that the social environment is 
of immense importance in governing the rate of physiological matura­
tion. I have read that a peculiar phenomenon seems to be taking place 
presently in England, namely, that the rate of physical growth, the 
stature at least of young men, is now much the same in all social clas­
ses, whereas there still remains a difference in the rate of sexual 
maturation, at least in women. In fact, one could almost guess from 
history that the two rates are dissociated. People of nobility, either 
men or women during medieval time, during the Renaissance, even 
though they belonged to an affluent society, were very much smaller 
than we are. Just try to fit an American or an Australian teenager in 
the armour of a medieval knight. Most medieval knights seem to have 
been much less than six feet tall, even though they belonged to the 
social £lite. And this applies to women also; from the dresses in 
museums, it is apparent that women were very small even in the very 
prosperous families of the southern United States. So there seems to be 
some evidence that we are dealing with at least two independent fac­
tors which govern the rate of physical development and of sexual 
maturation.
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bennett I do not doubt that improved nutrition  has been an im port­
ant factor—perhaps the main factor—in the reduced age of puberty. 
But if, and I emphasise the word if, there is a genetical component in 
variation of the age of puberty then there could be a reproductive 
advantage associated with a lower age of puberty such that if, as a 
result, reproduction were to occur at an earlier age, it may be possible 
to have, say, seven generations in a century rather than three or four. 
This could be a contributing factor in the progressive reduction in the 
age of puberty but counterbalancing factors would need consideration.

eurnass I should like to refer to Dr Clements’s reference to the pos­
sible adaptive role of polyunsaturated fatty acids in hum an nutrition 
—and to the fact that there is more polyunsaturated fatty acid in free 
range cattle than there is in domesticated beasts. T he same is true of 
hum an breast milk, which has three or four times more polyunsatur­
ated fatty acid than cows’ m ilk .1 Breast feeding has gone out of 
fashion in Western society. In  view of the importance of polyunsatur­
ated acids in the growth of central nervous tissues and the rapid rate 
of growth of the hum an brain in infancy, it would seem possible that 
the deprivation of breast feeding, apart from its psychological effects, 
might also be one example of starvation in the midst of plenty. This 
could be a situation which could be tested experimentally in rats. It 
is known that deficiency of polyunsaturated fatty acids can lead to 
skin lesions in rats and infants2 and it might prove a useful line of 
research to study the behaviour of rats who are deprived of these 
essential nutrients.

1 Documenta Geigy, Scientific Tables.
2 A. E. Hansen et al., ‘Essential Fatty Acid Deficiency in Infants’. Essential Fatty 

Acids, Fourth International Conference on Biochemical Problems of Lipids, H. M. 
Sinclair (ed.), London, 1958, Butterworth, 216-20.

Mims T he time of onset of menstruation may have im portant social 
implications, but from a reproductive point of view what matters is 
how early females conceive; the evidence for people, other primates ,1 

and even mice2 suggests that there is a considerable period after the 
first menstruation or oestrus cycle when conception is less likely. Early 
m enstruation does not necessarily mean earlier conception.

1 C. G. Hartman, ‘On the Relative Sterility of the Adolescent Organisms’, 
Science, 74, 1931, 226-7.

2 F. A. E. Crew, ‘Puberty and Maturity’, Proceedings of the Second International 
Congress for Sex Research, London, i930, 9-10.

nestel One of the major advances in nutrition  has been the improve­
ment in infant nutrition but I would suggest that maybe we have gone 
too far in that social pressures undoubtedly have led to the introduc­
tion of fat babies; the baby that wins at the show is a fat baby, the 
baby that is in the advertisements for food products and baby powders 
is a fat baby. Whereas there may be some reservations about the rela­
tive importance of saturated fats and carbohydrates in producing 
degenerative diseases, I think that most people would agree that obesity 
is undoubtedly a very major factor. And there is some very interesting
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information available at the present time on the relationship of 
obesity occurring in middle age and the fatness of the baby, as in the 
example of muscle ceils mentioned by Dr Clements. I refer to some 
recent work on fat cells.1 The multiplication of fat cells appears to take 
place very early in life, and thereafter the increase in fat tissue is 
largely due to expansion of the existing fat cells. Thus, the child 
who produces a large number of fat cells because of infantile over­
nutrition is very much more likely to become obese later in life.

l J. Hirsch, J. L. Knittle, and I.. B. Salans, ‘Cell Lipid Content and Cell 
Number in Obese and Nonobese Human Tissue’, J.Clin.Invest., 45, 1966, 976.

SH ATiN In this symposium we are concerned with the impact of 
civilisation on the biology of man. The transition from food gathering 
to food production actually led to civilisation and also introduced 
biologically new foods. Cereals are one example of these new foods. 
So is dairy produce. Surely these new foods must have provided a 
challenge to man’s metabolism, a challenge which in some cases he 
was unable to meet. Gluten-induced enteropathy (coeliac disease) is 
a case in point. This is a disease which can only occur among wheat- 
rye-barley-and-oats eating peoples. I understand that the mortality 
figures from coeliac disease, before the early 1950s, when gluten-free 
diet became available for the treatment of this disease, were of the 
order of some 15 to 20 per cent.

I have suggested that at the inception of agriculture, when wheat 
was a new food, coeliac disease could have been a severe and prevalent 
disorder, but its incidence became infrequent, as it is today, because 
this error of metabolism would have the effect of a lethal mutation. 
However, it still occurs in one out of 3,000 to 4,000 births,1 hence it 
must be a genetic disorder probably transmitted as a recessive trait.2 
If these figures of the incidence of homozygous state are applied to 
the Hardy-Weinberg law of gene frequencies, heterozygotes would 
comprise 3-2 to 3-5 per cent of the population traditionally subsisting 
on gluten-containing cereals. These suggestions of mine appear to be 
substantiated by the subsequent study of MacDonald, Dobbins, and 
Rubin, who found an atrophic intestinal mucosa in a significant num­
ber of asymptomatic relatives of patients with coeliac disease.3 These 
investigators suggested, however, that its inheritance is based on a 
dominant gene with incomplete penetrance. Whatever the particular 
mode of inheritance may be, evidence suggests that coeliac disease has 
an hereditary basis.4

I have also suggested that a heterozygous state related to coeliac dis­
ease (irrespective of the nature of the biochemical fault leading to it), 
may be a predisposing factor in some disease, the epidemiology of 
which appears to me to correlate with the dietary habits of popula­
tions subsisting on gluten-containing staples.5

Domestication of animals for pastoralism is another important 
achievement of neolithic man. Although pastoralism by itself does not 
lead to civilisation, it develops new foods (dairy products) which may 
be alien to man’s metabolism, confronting it with another challenge. 
Lactase-deficiency syndrome probably provides the best known ex-
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ample of such a challenge, and I have pointed out that the use of 
milk by the adult is an innovation also dating back to the neolithic 
revolution making this infant food available for consumption even 
after weaning. I suggested that if lactase-deficiency is an inborn error 
of metabolism, it may also be a factor tending to reduce biological 
fitness of populations which have only recently adopted pastoralism, 
making milk an item of the adult diet.

If, as it seems likely, lactase is an inducible and adaptive enzyme, its 
persistence after weaning could be the result of evolutionary selection. 
This selection process could determine the incidence of lactase-defici­
ency in a population, and this incidence, of course, would differ among 
various ethnic groups, since it would depend on the time which has 
elapsed from the inception of their dietary use of milk, an innovation 
which various cultures adopt at different historical periods.

T he prediction that this historic time element may be crucial in 
the context of the peculiar ethnic pattern of the distribution of iso­
lated lactase-deficiency, seems to be substantiated by several subsequent 
studies conducted among various ethnic groups in Australia and the 
USA.

Almost 100 per cent incidence of lactase-deficiency was revealed in a 
study of recently detribalised Australian Aboriginal children.6

A similar high incidence of this deficiency was demonstrated in 
studies of healthy adult Asians in  Australia,7 and the USA;8 while in a 
study—which comprised 170 patients of several ethnic groups in that 
country—lactase-deficiency occurred among 77 per cent of Negroes and 
67 per cent of American Indians, but only among 19 per cent of 
Caucasians.9

T he finding of an even lower (6 per cent) incidence of lactase- 
deficiency among 100 healthy Caucasians in yet another study,10 fur­
ther supports the suggestion that heterozygosity may be a feature of 
this error of metabolism.11 Or perhaps the term error of metabolism 
should not be applied in this context to adult Asians, Negroes, and 
Australian Aborigines for whom milk is a new food and as yet bio­
logically unsuitable. On the whole, milk appears to be a suitable food 
for most adult Caucasians, an ethnic group who historically were first 
to adopt pastoralism and hence first to be subjected to evolutionary 
selection process resulting in almost total adaptation to this biologi­
cally new food for the adult.

1 C. Carter, W. Sheldon, and C. Walker, ‘The Inheritance of Coeiiac Disease’, 
Ann.hum.Genet.,  23, 1959, 266-78; C. M. Anderson, personal communication, 1964.

2 R. Shatin, ‘Preliminary Report of the Treatment of Rheumatoid Arthritis with 
High Protein, Gluten-free Diet and Supplements’, Med.J.Aust., 2, 1964, 169-72.

3 WT. C. MacDonald, W. O. Dobbins, and C. E. Rubin, ‘Studies of the Familial 
Nature of Coeiiac Sprue using Biopsy of the Small Intestine’, New Engl.J.Med., 272, 
1965, 448-56.

4 M. D. Milne, ‘Hereditary Abnormalities of Intestinal Absorption’, Br.med.Bull., 
23, 1967, 279-84.

5 R. Shatin, ‘Multiple Sclerosis and Geography: New Interpretation of Epidemio­
logical Observations’, Neurology (Minneap.), 14, 1964, 338-44; R. Shatin, ‘The 
Epidemiology of Rheumatoid Arthritis and Human Ecology’, Acta Rheum.Scand., 
11, 1965, 161-8; R. Shatin, ‘Lactase Deficiency in Uganda’, Lancet, 2, 1966, 498;
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R. Shatin, ‘The Transition from Food-gathering to Food Production in Evolution 
and Disease’, Vitalstoffe Zivilisationskrankheiten, 12, 1967, 104-7.

6 R. B. Elliott and G. M. Maxwell, ‘Lactose Maldigestion in Australian Aboriginal 
Children, Med.J.Aust., 1, 1967, 46-9.

7 A. E. Davis and T. Bolin, ‘Lactose Intolerance in Asians’, Nature (London), 216, 
1967, 1244-5.

8 M. H. Chung and D. B. McGill, ‘Lactase Deficiency in Orientals’, Gastro­
enterology, 54, 1968, 225-6.

9J. D. Welsh et al„ ‘Isolated Lactase Deficiency: Correlation of Laboratory 
Studies and Clinical Data’, Arch.lntern.Med., 120, 1967, 261-9.

10 A. D. Newcomer and D. B. McGill, ‘Disaccharidase Activity in the Small 
Intestine: Prevalance of Lactase Deficiency in 100 Healthy Subjects’, Gastro­
enterology, 53, 1967, 881-9.

11 R. Shatin, ‘Evolution and Lactase Deficiency’, Gastroenterology, 54, 1968, 992-3.

b o y d e n  I would like to draw attention again to the fact that not 
everyone would accept the view that the increase in rate of growth is 
due to nutritional factors. 1 would not want to take sides on this m atter 
myself, but if I did I think it would be on the side of nutritional fac­
tors. But it has been suggested, and perhaps Professor Bennett would 
like to comment on this, that genetic factors other than those that he 
has already mentioned in his comments, may play a role; I believe it 
has been suggested that the great increase in out-breeding in hum an 
popidations may be a factor. In  fact, I think the connection has been 
pointed out between the increase in stature of offspring in Europe and 
the introduction of the bicycle.1

T here are three other points on which I would like Dr Clements’s 
comments. It seems that there are two particularly im portant changes 
which civilisation has brought about with respect to diet. In  the first 
place, there has been a fantastic increase, of course, in  the num ber of 
biologically new chemical compounds which find their way into our 
alimentary tracts in various forms both as contaminants, such as insec­
ticides and so on on the one hand, and also deliberately added to our 
food, such as artificial colouring agents, preservatives and so on. T he 
other im portant change, which I think Dr Hipsley touched on, is the 
tremendous increase, as a result of the development of the culinary 
art, of technological advances and of commercial interests, in the 
palatability of foodstuffs, and the effect of this change on food con­
sumption and health in general. And lastly, I would like to refer again 
to this question of obesity. Obesity does not seem to occur in nature, 
that is, in animals living under natural conditions, or in man living 
under pre-neolithic conditions—even when there is plenty of food 
available; yet it is clearly a feature of civilised society for humans and 
also for some domestic animals. I wonder if you coidd comment on 
why, in your view, this is so.

l j .  M. Tanner, ‘The Trend Towards Earlier Physical Maturation’ in Biological 
Aspects of Social Problems, J. E. Meade and A. S. Parkes (eds.), New York, 1965, 
Plenum Press, 59, 61.

Cl e m e n t s  T here are a couple of items that I think I might comment 
on. T his question of obesity has come up twice. Earlier today I was 
talking to Professor Dubos about the question of conditioning of 
people towards levels of food intake, and in my paper there is some
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reference to this. We have followed through three groups of babies; 
those who, at twelve months of age, were above the 97th percentile in 
weight, those who were below the third and those who were between 
the 40th and 60th, and we have looked at them three years later. T he 
height and weight of the heavyweight babies were similar to children 
a year older. This suggests that there may be a genetic factor, but this 
phenomenon was pretty widely spread and it was almost universal. I 
suggest there is a sort of pressure of feeding which determines an ind i­
vidual’s food intake and that this starts off by being mechanical, in 
terms of satisfaction of the stomach and stomach size, but ultimately 
becomes an endocrine factor. The early feeding thus determines a 
pattern which is continued throughout the life of the individual.

This question, whether it is ‘good’ for children to be big, is a socio­
logical one and it is one of the most difficult problems I come up 
against in infant management—a considerable num ber of mothers 
equate bigness with health, and it is no use advising them about big 
babies, and the undesirable fact that their babies are overweight. It 
has no meaning to them, their only idea is that a big baby is a healthy 
baby; and while this is quite prom inent amongst the new Australians, 
it is very much an Australian characteristic.

Intentional and non-intentional food additives is a subject all in 
itself, and a whole symposium could be devoted to it. Palatability is 
largely, but not entirely, a m atter of sugar, and one of the characteris­
tics of the modern age is the num ber of desserts and other foods that 
we eat that are prepared and set in refrigerators. T he formula for 
these foods contains up to three times as much sugar as a similar dish 
prepared and eaten at room temperature. In  order to stimulate the 
taste buds with a frozen food you have got to add this much sugar.

I do not want to get into a discussion at this hour on the m atter of 
lactase deficiency in the Australian Aboriginal children, but we in 
Sydney do not agree with the Adelaide group. We suggest it could be 
an acquired factor due to long-standing chronic dysentery in the Abor­
iginal babies and children.

L
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ANIM AL SOCIETIES

Animals evolve. They do so by converting various energy sources in 
their environment into their tissues for their essential activities. T he 
energy harvested may be used for body growth and maintenance, for 
the production of offspring, the rearing of these young and their 
preparation for a successful adult reproductive life. In  this way the 
spread of the parents’ genes into successive generations is ensured. 
Animals may also ‘bank’ energy in various ways, by storing standing 
feed on territories, in hoards, or in fat, or by investing energy in  the 
production of nests or burrows which enable energy to be conserved 
later. One use of energy in particular concerns us. This is the energy 
cost of regulating the distribution of available energy among the mem­
bers of the species.

T he way animals distribute energy within species varies. Most 
species organise into some form of society, involving spacing behaviour 
between individuals, and some form of control over the fixed or per­
sonal space around them. T his behaviour makes possible a minimum 
definition of a society. Animals form a society when they are distri­
buted non-randomly in physical space, and when the pattern of their 
distribution arises from their spacing behaviour, approach or with­
drawal, to conspecifics, and not because of fluctuations in the environ­
m ent . 1

Some animals remain solitary in the organisation of their societies 
by attaching themselves to fixed areas, and m aintaining exclusive con­
trol over this space in a territorial system; others control a personal 
sphere around them as they move over the area, the home range pat­
tern. Animals of other species aggregate in groups of various types and 
sizes, from pairs up to many thousands. Grouping is a spatial concept, 
implying that members of a group are separated by smaller distances 
than are individuals from different groups. A group is thus distributed 
over only a small portion of the area it occupies. T he group area may 
be either a territory or home range. These are the so-called gregarious 
species. Still other species aggregate in colonies of small nesting terri­
tories for part of their activities during the breeding season. Here there 
is some variability in the extent to which these species form groups 
away from the nesting colony.

W ithin their species societies, the animals face two types of prob-
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lern. T he first of these concerns their relationships with other species, 
generally food or predators, but sometimes there may be interspecific 
territories , 2 or perhaps symbiotic or commensal relationships. T he 
second type of relationship is associated with the conspecifics, largely 
concerned with the distribution of resources of some type among them. 
Both solitary and gregarious animals make a primary distribution of 
living resources in terms of fixed space, as territories or home ranges. 
This means that gregarious animals have two types of relationship 
with conspecifics, those with group members, and those with members 
of other groups. There is generally high aggressiveness between groups, 
concerned with the maintenance of spacing and exclusiveness of group 
memberships. T he second set of relationships, those between animals 
within a group, are of particular interest in the present context, be­
cause they constitute a basic set of social adaptations to crowding, or 
to life within an organised aggregate.

Life within groups takes a m ultitude of forms, but all seem to be 
variations on a limited number of themes.3 T he general patterns are 
as follows: (a) Intraspecific aggressiveness is regulated into a dom in­
ance hierarchy, with submission which does not necessarily involve 
flight. Overt aggressive or agonistic behaviour is rare. T he group is, in 
fact, a unit of lowered and regulated aggressiveness. Most dominance 
behaviour is seen as priority in the use of personal space around ind i­
viduals. Only when some resource is limiting, particularly space itself, 
is agonistic behaviour used to apply spacing priorities around the lim it­
ing resource, or more simply, to drive the subordinate neighbour away, 
(b) There is a co-ordination of activities within the group in a series 
of social subphases, associated with such activities as movement, rest­
ing, alarm, feeding, or body care. T he group takes up a different 
spatial arrangement during each subphase. There is regulation of 
behaviour of each animal during the subphase, so that the repertoire 
of interactions is limited; for example, one seldom sees agonistic or 
sexual behaviour in alarm or movement subphases. T he term role is 
used to describe the repertoire of behaviour of each animal in each 
subphase. It covers both the range of interactions and the spacing re­
sponses which determine group structure, (c) T he normal limits of 
movements of individuals are between the personal distances of neigh­
bours and the social distance, that is, the maximum distance any 
animal will move from the group. This is called the living space. One 
form of the personal distance is the individual distance , 4 which is the 
personal distance during the resting subphase, when it is a constant. 
Neither the personal nor social distance is fixed, but each varies with 
the subphase, and thus with the roles of each sex and age class of 
animals in the group. W ithin personal distances one sees interactions, 
and these include dominance and submission, in fact these are only 
seen within the personal distance. Normally subordinates submit by 
keeping clear of the personal area. Beyond the social distance animals 
become distressed and show lost behaviour, (d) Group solidarity 
tends to be initiated and maintained by a range of behaviour, collec­
tively called affiliative or integrative (originally called socialising be­
haviour) . 5 These behaviours may involve m utual reinforcement, as in
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allogrooming, allofeeding, and play, or may lower disruptive forces 
between animals as in the formalisation of agonistic behaviour, or the 
avoidance of strangers within large groups .6 Animals in groups have 
adapted to gregarious living and are not considered to be crowded.

CROW DING IN ANIMALS

Crowding, as we understand it, may occur in all kinds of animals, and 
may have a different significance in each type of society. Crowding nor­
mally arises from an increase in numbers, and thus of density. It may 
also occur by a concentration of animals in a restricted area, as 
around water in a drought, or it may occur when a group becomes 
abnormally large.

It should be clearly recognised that animals occupy two kinds of 
space, 7 that which they displace physically, and an area of social 
space around them. It is this second type which interests us in the 
study of crowding, for animals are seldom crowded so that they press 
physically against each other, as humans occasionally do in some 
public transport systems. There appear to be three main categories of 
social space, the fixed territory, the personal sphere extending round 
solitary animals (or groups) on home ranges, and the personal field 
of gregarious animals (earlier called social force field). T he personal 
sphere is an area extending all round an animal while the personal 
field appears to be an area around the face, extending further in front 
than to the sides. T he existence of these personal areas (sphere or 
field) can only be detected by the responses of animals to others ap­
proaching to the personal distance (the limits of the personal areas) 
in any direction.

Animals do not normally enter the personal areas of others. W hen 
two animals approach closer than the personal distance, there is an 
alerting response, and an interaction begins. Most commonly there is 
simply a mild threat by the dom inant of the two and an avoidance by 
the subordinate. Dominance is used to keep personal areas free of sub­
ordinate neighbours8 while avoidance or flight to the social distance 
(or the territorial limit) is the most common form of submission in 
animals. Naturally there are many types of interaction which are not 
agonistic, but there is always the alerting response and usually some 
sort of conciliatory behaviour associated with further approach; court­
ship is an example.

T he necessity for these two types of space was well illustrated in a 
flock of seven turkey males in a pen which was progressively reduced 
in area to approximately one square metre. T he birds then stood 
around the fence facing outwards; all thus kept their personal fields 
free of neighbours, an intriguing solution to the crowding problem!

W hen animals are crowded, they find difficulty in avoiding personal 
areas. It appears from observation that the personal areas are reduced 
as the available area is decreased, for the animals become habituated 
to the presence of neighbours at close distances. Nevertheless crowded 
animals are constantly alerted to neighbours, and the frequency of 
agonistic interactions increases. Most of the observed movements are
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concerned with spacing and its maintenance by agonistic behaviour. 
Perhaps this is why the dominancy hierarchy attracts most attention 
in small crowded groups, and indeed has often been considered an 
artifact associated with close restraint.

It should be emphasised that animals are not necessarily harmed 
physically by each other in crowded conditions. Nevertheless it appears 
that the constant alerting and mild agonistic behaviour can become 
stressful, inducing strain or tension in crowded animals.9 It is seldom 
that any single stimulus is stressful in animals, but stimuli can become 
stressful if repeated constantly. The stressful effect of crowding only 
becomes meaningful when we recognise the existence of this social 
space.

CROWDING IN ANIMAL SOCIETIES
Experimental studies have shown that the crowding of solitary animals 
on territories leads first to a breakdown of the territories into over­
lapping home ranges, and later animals form an aggregate with a 
dominance hierarchy. 10 In such species, problems may then occur be­
cause the normal form of submission is flight to a territorial boundary; 
this is not possible when such animals are crowded. Submission is 
behaviour which prevents or halts aggression, and without it, aggres­
sive interactions can lead to injury or even death.

The situation in nesting colonies may be similar, because these are 
still aggregations of territories. Crowding means that spacing be­
haviour in the form of agonistic interactions takes up an increasing 
proportion of the activities of individuals. The result is almost con­
tinuous disturbance, desertion of nests and young, and a high inci­
dence of reproductive failure.11

Crowding has various effects in gregarious species. Because the con­
cept of group is spatial, we are describing numbers of separated aggre­
gates of affiliated animals. Accordingly crowding can refer either to 
increased contacts between groups on territories or home ranges, or 
alternatively to crowding within groups. Where the former is indi­
cated, one would expect an increase in intergroup contact, and a 
breakdown of intergroup spacing mechanisms. Perhaps the effect 
would parallel that of crowding of solitary individuals, or of nesting 
pairs (groups of two) in colonies. If this were so, the final result would 
be an intergroup dominance hierarchy of the type described by South- 
wick12 in rhesus monkeys. Crowding of groups could occur over the 
whole range occupied by the species, but one would expect the major 
effects to be seen when groups aggregate in restricted areas, around 
water or concentrations of feed.

Crowding within groups is a special type of situation, for groups, by 
definition, occupy only a small proportion of the space available to 
them. One common situation is the use of artificial restraint by man in 
his domestic animals. Another form of crowding can occur in the wild 
when the size of a group becomes abnormally large.

Group size normally increases as a result of reproduction, and in 
some species the numbers appear to expand almost indefinitely without 
serious disruption within the aggregate. Such species appear adapted
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to life within large groups and these adaptations are, as yet, poorly 
understood. T he problem is solved in large flocks of chickens by home 
range behaviour by each hen, so that each lives in a small part of the 
flock among well recognised neighbours.13 Constancy of neighbours 
m ight well be the solution used by other species living in large aggie- 
gates.

More commonly there is a characteristic range of group sizes for 
each species. Some systematic variability appears to depend upon 
environmental conditions, for example, Cloudsley Thom pson14 sug­
gested that group size is often larger in open savannah than in  forests. 
In  species in which group numbers are limited, there is some mechan­
ism to limit expansion. Young animals reaching sexual m aturity may 
be extruded, or groups may divide when they reach a maximum size. 
G roup splitting has seldom been observed in detail, though South- 
wick15 described a case in  rhesus monkeys and McBride16 observed 
flock division in feral fowl. In  this case seventeen females were 
attached to the dom inant male, and a similar number of mature young 
males associated with the flock. T he females lived w ithin the personal 
sphere of the male, protected from the attentions of subordinate males. 
Subordinate males normally only entered this area (radius about 6 
metres) when in a submissive posture. At dusk, the radius of the per­
sonal sphere dropped to under one metre as the young males aggie­
gated closely around the flock. T he crowded females then ceased all 
normal activities. If the alpha male attacked a subordinate, other sub­
ordinates would immediately chase and rape the hens. T he solution 
occurred when the beta male joined the flock and the two males were 
together able to provide adequate protected space for the hens to 
resume normal activities. A daptation proceeded further by the sub­
division of the flock.

Another form of crowding may be induced in experimental flocks of 
hens by injection with testosterone. T he effect appears to be due to an 
increase in the personal fields and a consequent increase in agonistic 
interactions between hens.

Since crowding is related to density, it should be considered in rela­
tion to normal fluctuations in space requirem ents and thus density 
in animal aggregates. Animals divide social labour in time. Firstly 
they reorganise their societies regularly in  major changes or social 
phases in the breeding and non-breeding seasons. Generally spacing 
requirements are maximum in the breeding season, and animals be­
come more aggressive to conspecifics of the same caste.

W ithin these major social structures, gregarious animals reorganise 
regularly into social subphases, each with characteristic personal and 
social distances for each caste of animals. It is these distances which 
determine the density of animals within the group, or the amount of 
area occupied by the group. T hus the idea of density in terms of ani­
mals per unit area is not an efficient indicator of crowding unless it is 
compared with the normal density of the subphase. This was illustrated 
by the density situation in the feral fowl flock at dusk and during the 
day.

T he degree of co-ordination of gregarious animals varies between
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species. There appear to be two different types of grouping or affiliative 
systems; one we may call federation and the other group expansion. 
T he federal system describes aggregates which arise from the develop­
ment of affiliations between individuals or smaller groups, while 
group expansion describes a group which grows from a family by the 
retention of offspring. T he subphase system appears more variable in 
federated aggregates, and seems more efficiently regulated within sub­
groups. Membership often varies as individuals or subgroups enter 
and leave. T he subphase system is better co-ordinated in expanded 
groups. Co-ordination of roles, activities, and spacing allows a high 
density without crowding.

Another problem affecting the effective degree of crowding in an 
animal aggregate is its caste composition. Caste is an im portant sub­
division of social labour for different but complementary ways of life 
w ithin societies. For example, sex is a basic division of labour in repro­
duction, but in most species it is much more than that, since the sexes 
are behaviourally organised as castes. Here the concept of caste as an 
organically organised division of labour is borrowed from the social 
insects, and used in a different sense than by sociologists. Sexes are 
different castes in many, but not all vertebrate species, depending upon 
whether the division of social labour is equal or complementary. The 
other caste division is by age, and animals pass through a series of 
castes until they mature.

Of interest to us here is the fact that each caste normally has differ­
ent space requirements. T hus the effective density of any aggregate 
depends upon the castes present and their proportions. Again, this was 
apparent in the feral fowl example, where the disruptive pressures 
developed as a result of the relatively large number of adult males 
present. It is probable that the process of extrusion of males from 
social groups as they reach sexual m aturity is a social adaptation to 
crowding, for males generally have greater space requirements than 
females, and their competition is disruptive.

HUM AN SOCIETIES

T he society of any species is the product of the behaviour of the indi­
vidual animals. T he society evolves as the behaviour evolves. Animals 
live in societies, and the environment to which they adapt by natural 
selection is largely a social one. We have already discussed some of the 
societal forms which have evolved in various species. It can be argued 
that these various patterns may all be described in terms of four main 
dimensions of societal evolution , 17 caste, phase, group structure, and 
spatial organisation. If we classify animal societies on scales on each 
of these dimensions, it is possible to see some general pathways of 
societal evolution. Using these it may be possible to reconstruct the 
path of human social evolution. Most of the stages in this scheme are 
represented in many other animal species, though the details will 
be avoided because of lim itations of space. An understanding of the 
evolution of man aids comparisons with other species in such matters 
as crowding. T he proposed evolutionary steps are as follows:
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a. Pairs with young on territories. This is an extremely common 
and simple form of social organisation. In  the primates it is best repre­
sented by the gibbons. T he group size is m aintained by the extrusion 
of young animals as they reach sexual maturity.

b. Colonial nesting-territorial feeding. Here it is suggested that the 
basic family territorial system was retained but modified so that the 
nests were aggregated in the corners of territories radiating outwards 
from the nests. One might expect this stage to develop in response to 
a recession of forests to clumps around water, and the adoption of a 
terrestrial life for feeding away from the nests.

c. Colonial nesting-group feeding. Here there is a breakdown of 
feeding territories and federation of families into a group away from 
the nesting areas, possibly an adaptation to large terrestrial predators. 
Dominance hierarchies between families replaced the feeding terri­
tories but the nesting territories were retained. T he system differs little 
from that of the jackdaw , 18 but is already a ‘village’ model,* basically 
a hum an type of social structure.

d. Division of labour in food collection. This occurred along sex 
caste lines with the males becoming hunters with tools, adopting erect 
postures which limited the mobility of pregnant females to the nesting 
colony area. H um an language evolved at this stage. 19 Young were still 
extruded from families as they reached sexual maturity, but fostered 
affiliations between families when they m ated and remained within 
the ‘village’. One might also expect that a process of group splitting 
and m ultiplication occurred at this stage, with links between neigh­
bouring ‘villages’ maintained by exogamy. Systems similar to this 
still exist in some hunting and foodgathering cultures. Families are 
similarly specialised repetitious units w ithin ‘villages’, which are in 
tu rn  similarly specialised repetitious units within the culture. Func­
tional specialisation is chiefly by age and sex castes, though there is 
generally some specialisation within castes in  hum an groups, perhaps 
only in social rank and authority.

e. Further evolution. All types of hum an society appear to have 
evolved from this basic ‘village’ model. H um an societies seem to have 
evolved almost every type of grouping and spacing system found in 
other species, as well as many new ones. Two main processes seem to 
be involved, the further federation of ‘village’ units to larger political 
groups, and the development of functional specialisation within 
castes, a feature rarely found in other animals. Territorial patterns of 
family ‘nesting’ are widespread, but the territorial family harvesting 
re-evolved with the development of agriculture.

Agriculture meant that families could produce more food than they 
required, and this food could be stored. It was then available to sup­
port individuals, families, and later functional groups within castes 
specialising in complementary activities, for defence, mining, religion, 
entertainm ent, education, authority, and the so-called secondary

* The term ‘village’ is used here in a special sense to mean a group living area 
or camp with family territories which are fixed, so long as the camp itself is fixed.
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industries. In modern societies, all of these activities are characteristi­
cally handled by groups, though most activities within groups are still 
divided between sex castes, even though this now seems irrelevant and 
irrational.

Other gregarious animals live within one group, reorganising into 
social subphases for each different activity. Humans, on the other 
hand, are basically group makers. The family remains the basic group, 
but with the development of what we call civilisation, the range of 
specialised functional groups has become enormous. Each person holds 
membership in a large number of them, typically moving between 
groups to change activities.

Subphase roles within animal aggregates are largely determined by 
caste, with some variation depending on rank. A social hierarchy is 
seldom simply a set of dominance-subordinate relationships, but a set 
of roles. Rank, particularly the alpha rank, may enter roles along 
with leadership, initiation of activity change, group defence, sentry 
duties, retrieval of lost or distressed individuals, suppression of dis­
ruptive aggressive or sexual behaviour within the group, and the 
expression of status by postural communication, on which flockmates 
organise spatially.

The role structure of human societies is even more complex, and 
roles are strongly concerned with the functional activities of the 
group. Dominance-subordination relationships are present, but 
directed mainly towards the control of the functions of the particular 
group. This is really not so different from other animals, since it is 
only in crowded groups that the roles of the hierarchy become con­
cerned only with the control of spacing by agonistic behaviour.

In most large human groups, the hierarchy tends to be pyramidal 
rather than linear. Most of the relationships between individuals are 
formalised into relationships between roles. The concept of role as 
used in group subphases is particularly appropriate to many human 
groups, since they exist for only one particular activity, and simply 
disappear when the activity ceases, for example at the end of the 
working day.

Family groups, on the other hand, participate in a number of activi­
ties. They thus change organisation and roles through a number of 
subphases. They often change location with subphase, particularly for 
recreation, and so travel between subphases. Man has the ability to 
learn a large number of roles, and to change roles with great rapidity 
as a group reorganises for each activity.

Because we must join many groups, emphasis is placed on affiliative 
and integrative skills, to increase co-operation and co-ordination, and 
to reduce possible disruptive competitive behaviour and consequent 
tensions within organisations. Within large cities, the total aggregation 
may include several million people, yet individuals develop affiliations 
with only a small proportion of their neighbours, rather like the hens 
in a large fowl house. But we do this by affiliating with others in the 
various groups we join, and move between groups in anonymous 
congregations.
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CROW DING IN HUMAN SOCIETIES

Crowding appears to have similar effects on both humans and other 
animals. Basically, high density causes frequent intrusions in the per­
sonal areas of neighbours. These fields are as im portant in man as in 
other species. T his can easily be verified by thrusting one’s face a few 
centimetres in front of that of a stranger. The result is a strong alert­
ing for both individuals, and avoidance or conflict. Interactions are 
seldom intrinsically stressful unless highly competitive, yet at high 
frequency they do induce tension or strain. In  both animals and man, 
the ability to regulate the frequency of interactions depends upon the 
ability to control space, either in the form of a personal field or some 
fixed area. High social rank generally gives this control of the personal 
environment.

The definition of what constitutes crowding is as difficult in modern 
human societies as it is in animals. Man lives in  as wide a range of 
societal conditions as is found in most other species. He may live in 
family harvesting territories or farms, in large or small nesting 
colonies, in  close proximity to the sites on which productive employ­
ment groups gather daily. Children may live in single sex groups (in 
boarding schools), as do men working in remote areas.

Crowding may be of people within groups of all types, or of the 
groups themselves, or even of individuals as they move between 
groups. Subphase also affects crowding, so that crowding may be 
negligible when individuals are asleep. T he types of crowding which 
appear im portant in hum an societies are:

a. Crowding within groups. Density and frequent contact between 
individuals can occur in any group, at least in some subphase. Close 
aggregation tends to be avoided in productive groups in the various 
industries which serve modern societies. Crowding of employees was 
once common, but has now been largely eliminated, partly due to 
pressure by employees in trade unions, but more significantly by em­
ployers in the interests of efficiency. Employees are spaced so that they 
do not interfere with each other’s work, and avoid time-wasting social 
contacts and disruptive agonistic interactions. T he size of subgroups 
is kept small in the interests of supervision and efficiency. Co-operative 
rather than competitive relationships are encouraged in small face-to- 
face groups, since competition is agonistic and tends to increase space 
requirements of individuals, who feel crowded together.

Educational authorities agree that school classes can also increase 
their efficiency if small and well spaced. Here, however, there are 
fewer pressure groups strong enough to gain immediate improvement, 
and direct economic returns are less easily demonstrated. The result is 
that many schools are crowded in class size, classroom density, and also 
in the recreational areas.

T he family is the basic hum an group and family crowding is rela­
tively common in most large cities. T he problem does not appear 
serious when families are able to live in suburbs in separate houses 
on separated ‘territories’. Here density is seldom high because indi­
viduals are generally able to separate at will, or when together, to
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organise in fixed ways to avoid interference. This does require a house 
large enough for the family, though the surrounding land may be 
used in suitable weather. Crowding within families is a greater prob­
lem in  tenements and apartm ent houses, particularly when there is 
poverty.

b. Movement between groups. M odern man normally lives in  a 
family, and joins an employment group daily. He may visit other 
groups during the course of a week. On weekends and holidays he may 
move the whole family for a recreational subphase at the beach. 
Physical distance is involved in each movement between groups and 
subphases, and modern transport makes this sort of life possible. 
Nevertheless travel is time-consuming and conditions are usually 
crowded, whether on public transport or in  private cars. Crowded 
travelling conditions, in large anonymous congregations, is exhausting 
and can contribute to the development of tension and strains in indi­
viduals.

c. Crowding between groups. T he most serious problem appears to 
be the crowding of families, usually in cramped tenements, often with 
shared facilities. Pollution control is often poor, with excess noise, 
light, and smell. Families in such close contact suffer constant dis­
turbance, interference, and often conflict.

Since members of each family have many affiliations with other 
groups, crowded family conditions may lead to the development of 
more favourable relationships outside the family, with consequent 
dim inution of bond-servicing affiliative behaviour within the family 
and a further deterioration of family life. W hen the parents break 
away from family life, then the children also turn  outside for close 
affiliations, perhaps to street gangs. These are all social adaptations to 
crowxling, but considered socially undesirable. T he situation is re­
markably similar to the crowding in bird nesting colonies.20

W hen the spheres of influence of productive groups overlap, then 
they may come into strong competition, with consequent stress on 
individuals composing them. Competition is agonistic in whatever 
form it appears. Mild formal competition is seldom stressful in either 
animals or man, though strong competition potentially is.

At the highest level of societal organisation, whole nations come 
into competition. Here we accept the term aggression for their be­
haviour and describe the conflict as war, hot or cold; either is stressful.

We can see that there are many forms of crowding in modern socie­
ties; all may be stressful, though there are also many forms of stress 
unrelated to crowding. Societies have made many adaptations to 
crowding. Some aim to reduce the crowding directly, and others reduce 
the strain it generates in individuals. We may now consider some of 
these.

SOCIAL A D A PTA TION TO  CROW DING
W hile man has faced some totally new forms of crowding, it is of note 
that there are many more situations which are common to other 
species. Also the new forms of crowding are matched by ingenuity in 
developing a wide range of adaptations to both new and old prob-
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lems. We have nevertheless arrived at many of the same solutions 
used by other species.

Man regulates his intraspecific aggressiveness into formal channels 
of competition, mainly during his early period of socialisation. Domin­
ance is modified into well-defined roles and interrole relationships. We 
also co-ordinate the activities of most groups, so that all work, or all 
rest, or all play or relax. We place emphasis on the development of 
our considerable affiliative skills to develop and m aintain co-opera­
tion in groups of all types.

M an evolved in small nesting colonies, and now often lives in vast 
colonies or cities. He adapts by limiting his affiliations to members of 
those groups in which he must live, work, or chooses to join. He must 
still come into contact with many strangers and has developed roles 
to adopt to allow interm ingling without intrusion into their personal 
areas or privacy. Should an intrusion occur, then he has a few formal 
interactions which enable both to return  quickly to the anonymous 
state.

T he m ajor type of crowding in anonymous groups is in transport 
between affiliated groups in public transport. This is a peculiarly 
hum an phenomenon. We space our industrial sites in relationship to 
living areas and develop public transport to make possible the move­
ment of large numbers of people between groups. In  doing this, how­
ever, we often cause the aggregation of large numbers of people in 
cramped conditions, and this leads in tu rn  to even greater crowding 
in  transport. T he private car has given privacy and some degree of 
isolation during transport, while allowing people to live more spaci­
ously at greater distances from work. But this in tu rn  has generated 
even greater problems, for it has also made it possible to move between 
even more groups. T he roads become crowded with cars and this be­
comes eventually as stressful as is public transport. T he solution of 
this problem requires enormous resources, both of space to create 
highways and wealth to build them. T here does not yet appear to be a 
simple solution.

T h e  family nest is basically a shelter for people, separated from 
other people in a territorial pattern. But the problem of spacing 
w'ithin the family is also im portant. Beds are not for the use of any 
member of the family, but are highly personal, and regarded as terri­
torial property which is totally accepted. T his is carried further by the 
subdivision of living space by walls to make rooms, designed for vari­
ous activities or subphases of the family group, or as private territories, 
with some restrictions on entry. There is no a priori reason why we 
should organise our living space in this way, for it is basically quite 
inefficient, but it is hardly questioned. It appears to be a rather basic 
adaptation of our environment to our nature, which is concerned 
with the maintenance of personal living space. We also use fixed 
space to regidatc our spacing in  other ways within the home. We sit 
at the same place at the table, and many sit in the same chair to relax. 
T his type of behaviour organises much of our lives. We use the same 
principles in  other groups when we have separate offices or workrooms, 
using walls to m aintain separation between people.
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Most families tend to become crowded as the children reach sexual 
maturity. Most parents still extrude the young at this stage, generally 
after a period of varying degrees of disruption from agonistic be­
haviour between generations. The problem is accentuated by emphasis 
on higher education. The basis of parental behaviour is the use of 
resources by adults to ensure successful growth and reproduction of 
their young. Education is one key to success of youngsters, and parents 
use their resources to support their young through a long education 
process. Yet the retention of dependent offspring well into adult life 
does generate considerable stress in the majority of families. One of the 
most common forms of social adaptation here is to send the youngsters 
away to finish their higher education.

The provision of privacy within the home or at work is a recent 
development. Walls and rooms are expensive, but are the most satis­
factory way of controlling personal space that we have yet discovered. 
Animals also use this system when they use natural barriers as terri­
torial boundaries. We have the ability to structure the environment 
at will. Amongst other things, we use the privacy gained to recover 
from periods of stress. Privacy is probably only necessary in large 
anonymous societies.

The control of space in buildings and rooms is always expensive. All 
can benefit from the provision of adequate private space, but all can­
not afford the cost. The distribution of resources in our societies re­
mains as unequal as it is in most other species. High social status 
brings rewards which are reinforcing to the competitiveness of those 
who are ambitious. It seems important that ambition and service 
should be rewarded since they provide much of the drive which de­
velops our societies. Yet we have also made many social changes to 
ensure that the distribution of wealth is not solely dependent on com­
petition. We have pensions of many types, insurance, with opportuni­
ties to own houses supported by governments, while trade unions bar­
gain for an adequate share of the wealth produced. Yet it does seem 
that we must go much further, for the crowding of families can only 
be eliminated if the vast wealth now produced is distributed to those 
now unable to secure adequate living space.

In conclusion, we do have the resources to control most forms of 
crowding. It may be possible to adapt by changing our nature or the 
nature of our societies, but it seems simpler to adapt our environment. 
This can occur by organisation of our societies to direct resources to 
the problem. Some forms of crowding appear difficult, particularly 
the transport problem. Yet this must also be solved by provision of 
money, for we are not likely to give up the satisfying life we have de­
veloped by our complex group structure.

Summary
Some of the natural subdivisions of animal societies have been de­
scribed in terms of the spacing relationships between individuals. The
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most significant are the aggregations, the caste structure of the animals, 
and the functional organisation of societies in time. These factors 
contribute to the density of animal populations and thus to a defini­
tion of crowding. Animals occupy two types of space: that actually 
displaced by the animal and a personal area around it. T he personal 
areas vary in several ways, but crowding develops when animals are 
forced to enter the personal areas of neighbours.

An attem pt has been made to present a comparative approach to 
the study of hum an and animal societies, with a discussion of the evo­
lution of hum an societies. T he comparative approach was then 
extended to questions of crowding in modern hum an societies.
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Comments
j. d . f r e e m a n  First, let me express my appreciation of Dr McBride’s 
paper with its wealth of facts and theory. As an anthropologist with an
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interest in ethology I am in sympathy with his comparative and 
evolutionary approach to the study of behaviour, but I must disclaim 
any kind of expert knowledge of the phenomenon of crowding. All I 
can do is to indicate a few points that would seem to warrant further 
investigation in this little-understood field. Given the theme of this 
symposium I shall confine my attention to behavioural aspects of 
crowding in the hum an species; and further, because of the limitations 
of time, I shall not comment at any length on Dr McBride’s thought- 
provoking hypothetical reconstruction of hom inid societal evolution 
—which is material enough for another entire symposium.

Here, a principal issue is the phylogenetic antiquity of the hominid 
pair-bond. In  Dr McBride’s scheme it is proposed that large-scale 
hominid groups evolved by way of the ‘federation of families’. Another 
very different hypothesis, advanced by Reynolds and others , 1 accepts 
the existence (in the Pliocene and earlier) of open groups (compar­
able to those to be found among chimpanzees) and envisages the 
emergence of the pair-bond and the home-base as evolutionary adap­
tations to savannah-based predation. These and other reconstructions 
of the possible course of hom inid evolution are indications of the 
presently prevalent reawakened interest in hum an origins which 
springs from the realisation that m an’s nature cannot be adequately 
understood other than in evolutionary terms. T he full course of 
hominid evolutionary history will never be recovered, but this does 
not negate the value of making hypothetical interpretations of the 
evidence now available and subjecting them to inferential testing, 
and it will be of interest to examine Dr McBride’s set of interpretations 
when they are published in more detail in book form. At this rud i­
mentary stage in the study of hom inid evolution any hypothesis that 
stimulates thinking about fundamental issues is to be welcomed.

Crowding occurs, Dr McBride has said, when animals are forced to 
enter the personal areas of conspecifics, and he has stressed the im port­
ance of spacing in the social behaviour of humans, as in other species. 
Ironically, our knowledge of spacing in birds and a variety of other 
animals is more advanced than with our own species, but there is 
evidence enough to indicate that comparable mechanisms are integral 
to hum an social behaviour. T h at notable H om o sapiens, W. H. 
Auden ,2 for example, has recently expressed his feeling about personal 
spacing, in these splendidly mettlesome lines:

Some thirty inches from my nose,
T he frontier of my Person goes,
And all the untilled air between 
Is private pagus or demesne.
Stranger, unless with bedroom eyes 
I beckon you to fraternise,
Beware of rudely crossing it:
I have no gun, but I can spit.

In the Samoan Islands (of Western Polynesia) where I recently de­
voted two years to the observational study of behaviour under natural 
conditions, spacing is a prime indicator of social rank. For example,
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during the ritualised serving of Kava, the distance which the cup­
bearer withdraws before facing and then approaching a particular 
chief is a conspicuous indication of his rank relative to the other 
chiefs who happen to be present. Further, in informal situations, as, 
for example, when a chief of high rank happens to be standing and 
talking to a number of titled men of lower rank, the greater extent 
of his personal space is clearly discernible.

In this case those of low'er rank, while engaged in friendly discourse 
with him, are displaying some degree of deference to an individual 
whom they recognise as having higher rank than themselves; and, as I 
would interpret such behaviour, it is a human refinement of the 
spatial equilibration characteristic of many infra-human primates, and 
which has been well described for Macaca mulatto, by Chance.3

The prime adaptive function of equilibration is the avoidance of 
contentious situations and the maintenance of social homeostasis; and 
it w'ould seem that, with the phylogenetically-given behaviours which 
produce equilibration, mesolithic man was, in important ways, pre­
adapted to the urban aggregations which have since emerged in the 
course of human history. Nonetheless, there must be limits to the 
degree of crowding which humans can sustain without pathological 
consequences. As the nightmarish experiments of Calhoun4 have indi­
cated, extreme crowding in animals can culminate in a drastic disin­
tegration of behaviour and in gross physiological disturbances. Here 
we are confronted with the severe terminal phase of a pathological 
process; but there is no reason to suppose that the onset of these dis­
turbances is not gradual and that incipient and not easily detectable 
effects are present at lower densities of crowding. In the human 
situation it is these possible incipient effects that deserve to be studied 
in detail so that we may stop well short of ‘the behavioural sink’.

Dr McBride has referred to the houses and apartments in which we 
live as nests. This they may sometimes be, but with their walled enclos­
ures and lockable doors they may also become cages. In Samoa, young 
children are not infrequently subjected to severe and hurting parental 
punishment which often reduces them to a distraught emotional 
state. So severe is the regime that one would expect serious psycho­
logical consequences. Some consequences there certainly are—but not 
of the expected order. When I came to investigate this situation more 
closely, my observations showed that after a child had been punished 
he was left alone, and, as Samoan houses have no walls whatsoever 
he wras soon able to withdraw and seek the company of other children 
somewhere nearby. With this behavioural pathway open to him a 
child was able to move from one mood to another in a matter of ten 
or so minutes; that is, from his distraught and resentful mood after 
punishment to the quite different mood of play behaviour. When I 
had plotted this behavioural sequence it occurred to me how different 
the outcome would have been if the child in question had been 
confined by parental decree to his room in a European-style house, 
for then there would have been no rapid mood shift, and the child’s 
resentment would have persisted with possibly paranoid consequences. 
I mention this because it seems to me that one of the important tasks
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of urban biology is the detailed investigation of the behavioural conse­
quences of existence in our cities—and particularly in their amorphous 
suburbs with their serried rows of ticky-tacky boxes.

Yesterday, Professor Hetzel drew attention to what he called ‘the 
impersonal urban situation’. W hen one returns, as I have recently 
done, from a prolonged period of living in a natural kin-basecl group­
ing of some hundreds of people with whom one has diverse and genu­
inely emotional relationships hour by hour throughout the day, one 
senses the peculiar paucity of the suburb as a social environment, and 
one suffers, indeed, from a kind of cultural shock which is essentially a 
realisation of the degree of behavioural and emotional deprivation 
involved. Throughout almost the whole of their evolutionary history 
men have flourished in natural groupings comparable to the kind I 
have just described, for even ancient cities had their long-established 
neighbourhoods. T he suburbs are something different—the often un­
sightly spawn of our technological centres—and a markedly novel 
social environment which—as Professor Hetzel has suggested—may well 
have consequences of a subtle yet ultimately devastating kind for some 
of the people who live in it, and fail to adapt to its unusual demands. 
I have touched briefly on this topic because it seems to me that in some 
circumstances dispersal is perhaps more unhum an than crowding.

Next, may I direct attention to an aspect of ciowding which would 
seem to deserve mention on such an occasion as this. I refer to the 
formation in large cities of crowTds that subsequently become violent 
and destructive mobs. Mob behaviour is, unquestionably, one of the 
most conspicuous phenomena of our age, and a major police problem, 
especially in countries with urban populations—but the aetiology of 
mob behaviour remains very imperfectly understood. Colonel Rex 
Applegate , 5 a leading American authority on crowd and riot control, 
has recently given this account of the way in which a spontaneous 
crowd becomes a violent mob. ‘Its members’, he writes, ‘lose their iden­
tity as individuals and merge into a cruel and primitive body which 
has lost civilised restraints and suddenly has no respect for law and 
order’. This language may seem somewhat melodramatic—but these 
are the terms in which straight-faced police officers write of mob be­
haviour in their technical manuals. Ethological research has given us 
some understanding of the way in which, in a crowd, mood transmis­
sion is effected by way of behavioural mechanisms, but we still have 
to account for the behavioural subphase, to use Dr McBride’s term in­
ology, into which a violent mob does shift.

We are dealing here with a recurring aspect of hum an social be­
haviour, and I would like to ask Dr McBride whether he considers 
violent mob behaviour to be the result of crowding, or whether he 
would propose some other kind of aetiology? My own view is that 
there are good grounds for the investigation of the phylogenetic basis 
of such behaviour.

Finally, may I make two brief comments on the general theme of 
this symposium. From the research on which I am currently engaged 
on the history of ideas about hum an behaviour, I have become per­
suaded that one of the notable effects of civilisation on the biology of

M
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man lias been the proliferation of erroneous views as to his nature. 
This was conspicuous in the doctrines of Rousseau and the ideologues, 
persisted—despite Darwin—through the nineteenth century, and, in the 
first quarter of this century, led to a disastrous splitting-off of the 
social from the biological sciences. It is heartening that in recent years 
a new intellectual mood has developed, and that in symposia such as 
this present one, an integrated scientific approach to bio-cultural man 
is beginning to emerge.

Last of all, I feel that at one point in this symposium, however 
briefly, homage should be made to the truly remarkable achievements 
of hum an civilisation—ranging, as they do, from such things as the 
Bodhisattvas of the East to ‘T he Magic F lute’ in the West. The more 
these bits of civilisation make an impact on my ‘biology’, the better 
I am pleased; and whatever the pollution of our cities, I would hope 
with W. H. Auden0 (and I am sure, also, Professor Dubos)

T hat crowds two centuries from now will press 
(Absurd their hair, ridiculous their dress)
And pay in currencies, however weird,
To hear Sarastro booming through his beard.

IV . Reynolds, ‘Open Groups in Hominid Evolution’, Man, 1, 1966, 441-52.
2 W. H. Auden, About the House, London, 1966, Faber and Faber. Reproduced 

with the permission of the publishers.
3 M. R. A. Chance, ‘Social Structure of a Colony of Macaca mulatta’, Brit.], 

of Animal Behaviour, 4, 1956, 1-13.
4 J. B. Calhoun, ‘A “Behavioural Sink” ’, in Roots of Behaviour, E. L. Bliss (ed.), 

New York, 1962, Harper and Bros., 295-315.
•r> R. Applegate, Crown and Riot Control, Harrisburg, Pa., 1964, Stackpole.
6 W. H. Auden, ‘Metalogue to The Magic Flute’, in Collected Shorter Poems, 1927- 

1957, London, 1966, Faber and Faber. Reproduced with the permission of publishers.

Comments
k . myers Crowding in laboratory and natural populations of many 
mammals causes significant changes in behaviour and physiology. The 
kinds of changes which occur are indicated by data from adult male 
rabbits in experimental populations.1 (See Table 6:1. All the data in 
this and the following tables are corrected for regression on age.)

There is a large loss in body weight, and changes in the sizes and 
condition of index organs vitally concerned with metabolic function 
(spleen, liver, kidneys). T he kidneys become inflamed and scarred 
with lesions of a systemic disease similar to that measured in mice 
and other mammals, where it has been shown to be ACTH-induced.2 
Reproduction is impaired, and the adrenal glands hypertrophy and 
lose their lipid steroid precursors. T he zonation of the adrenal alters 
to favour increased secretion of glucocorticoids and suppression of 
mineralocorticoids, possibly increasing natriuresis and upsetting Na : 
K ratios in the body. Adrenal nodulation (the formation of small 
adenomas budded off by the adrenal cortex and consisting largely of
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glomerulosal tissue)3 is suppressed, thus exacerbating problems relat­
ing to Na and K metabolism already posed by pituitary secretion of 
ACTH. The adrenal cortex is invaded by small, undifferentiated white 
blood cells, which appear first in the medulla and then throughout 
the cortex against the direction of blood flow, and probably represent 
hematopoietic activity by the adrenals themselves.4 The adrenal corti­
cal tissue is reorganised into alveoli separated by thin-walled sinuses. 
Parallel changes occur in the human adrenal5 when abundant steroido­
genesis occurs. Similar structural change is also described in adrenals 
of other stressed mammals—Microtns, Cervus.Q

Recent experiments (Myers et al., unpublished) show that the key 
to reaction to density lies not in increase in numbers per se, but to 
some quality of decrease in living space, which may well be intrusion 
by other members of the group into personal space, discussion of 
which forms a large and important part of Dr McBride’s paper.

Heightened activity of the pituitary-adrenocortical system during 
emotional stress has also been demonstrated in several studies of man. 
During competitive sports, anticipation of surgery, exposure to shame, 
and emotional disturbances of various kinds, especially where fear of 
physical injury is involved, the adrenal cortical hormone level in the 
plasma rises and increased amounts of 17-hydroxycorticosteroids are 
excreted in the urine. When distress passes the circulating corticoids 
decrease substantially.7

The effects of stressful factors in rabbit populations are also evident 
at embryonic, nestling, and young animal level. Nestlings born under 
conditions of high density exhibit a marked retardation in develop­
ment of all body proportions.8

There are also significant differences in zonation and morphology 
in the young adrenals, which point to large differences in types and 
rates of secretion of cortical hormones.

Table 6:2
Effects of population density on nestling rabbits

Variable High
density

Medium
density

Low
density

Significance 
of differences 
between means 
Deg. fr. 2/143

Body w t (g) 113-3 136-2 147-8 p <  -001

Tarsus (mm) 37-9 38-1 44-9 p <  -001

Shoulder fat (g) 0-52 0-72 0-76 p <  -001

Thymus (g) 0-25 0-32 0-32 p <  -001

Adrenals (g) 0-012 0-012 0-016 p <  -001

Liver (g) 4-56 5-39 7-35 p <  -001

Kidney (g) 1 -43 — 2-19 p <  -001

Spleen (g) 0-093 0-087 0-128 p <  -001

n 97 42 7

Myers and Mykytowycz (unpublished).
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Male rabbits born under such crowded conditions are very active as 
adults, showing high rates of aggressive and sexual activities. They 
have large adrenal glands, which give evidence of heavy rates of 
secretion, and show large losses in body weight and a decided tendency 
towards lower rates of survival. Female rabbits born under crowded 
conditions show less significant differences, but still possess heavy 
adrenals with apparently heightened secretory activity, and exhibit 
lower survival rates. Phenomena present in crowded popidations thus 
appear to be capable of predeterm ining patterns of behaviour, health, 
and survival in adults by effects on them when young. It is critically 
im portant to know whether the causal mechanisms are predominantly 
genetic, sociological, or physiological in nature.

A genetic mechanism is not implausible. In  a recent, unpublished 
study, Dr Charles Krebs of Indiana University, Blomington has shown 
that in voles, Microtus spp., there are highly significant changes in 
aggressive behaviour during population cycles, with the most aggres­
sive animals occurring in peak populations. Krebs studied transferrin 
polymorphism in the blood over a cycle, and measured changes in gene 
frequency of nearly 50 per cent over six weeks—a rate of change 
hitherto unsuspected in mammalian populations. On the other hand 
the psychological and physiological literature is rich in data showing 
that endocrine imbalance in pregnant female mammal and embryo, 
lactating female, and neonatal young, causes significant changes in 
adult behaviour and physiology.9 It seems likely that hormones directly 
affect the central nervous system during development to produce per­
manent changes in physiology and behaviour in later life.10 A volu­
minous literature testifies to the fact that environmental and social 
factors during infancy are more profound in their effects than during 
any other period of mammalian life.

Man is not divorced from these classes of events. Genetically con­
trolled abnormalities of adrenocortical hormone secretion and meta­
bolism are relatively common in the hum an population. T he most 
common, congenital adrenal hyperplasia, causes masculinisation in 
girls and precocious puberty in boys, and is due to an autosomal re­
cessive gene with an estimated frequency in heterozygotes from 1 in 
35 in Switzerland (1958) to 1 in 125 in M aryland (1956).11 Develop­
mental abnormalities of im portant kinds caused by physical and social 
environmental stimuli also occur. Thus emotional state in the hum an 
female, physical agents, nutrition, drugs, maternal diseases, and age 
have all been shown to affect the developing hum an foetus12 leading 
to variations in congenital malformations,13 neo-natal death rates and 
birth  weights14 and seasonality in the births of the mentally de­
ficient.15

My aim in introducing discussion on Dr McBride’s paper in this 
fashion is twofold. Firstly, to intimate that modern work in mammal 
ecology supports the kind of thing that he is talking about, and sec­
ondly to emphasise that behaviour is not something to be studied on 
its own. There is an im portant organic basis to behaviour and physi­
ology, which unfortunately tends to be forgotten in many modern 
sociological, psychological, and anthropological areas of thinking. This
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organic component has its roots in developmental homeostasis, and 
crowding is one of the most potent of the complex stimuli affecting it. 
There is no doubt in my mind that these phenomena rank importantly 
in the life of man.

No manner of specious thinking can separate the human mammal 
from the biological basis of his existence.

1 J. J. Christian, J. A. Lloyd, and D. E. Davis, ‘The Role of Endocrines in the 
Self-Regulation of Mammalian Populations’, in Recent Progr. in Hormone Research, 
New York, 1965, Academic Press, 501-78; K. Myers, ‘The Effects of Density on 
Sociality and Health in Mammals’, Proc.Ecol.Soc.Aust., 1, 1966, 40-64; D. Thiessen, 
‘Population Density and Behaviour: a review of Theoretical and Physiological 
Contributions’, Texas Rpts on Biol, and Med., 22, 1964, 266-314.

2 J. J. Christian, ‘ACTH—Induced Renal Glomerular Disease in Intact, Adrenal- 
ectomized and Castrate Male Mice’, Proc.Soc.Exper.Biol.Med., 126, 1967, 152-7.

3 K. Myers, ‘Morphological Changes in the Adrenal Glands of Wild Rabbits’, 
Nature (London), 213, 1967, 147-50.

4 H. W. Deane, ‘The Anatomy, Chemistry and Physiology of Adrenocortical 
Tissue’ in Handbuch Der Experimentellen Pharmakologie Teil 1—The Adreno­
cortical Hormones, H. W. Deane (ed.), Berlin, 1962, Springer Verlag, 23.

3 T. Symington, ‘Morphology and Secretory Cytology of the Human Adrenal 
Cortex’, Brit.Med.Bull., 18, 1962, 117-21.

6J. J. Christian and D. E. Davis, ‘Endocrines, Behaviour and Population’, 
Science, 146, 1964, 1550-60; J. J. Christian, ‘The Pathology of Overpopulation’, 
Military Medicine, 128, 1963, 571-603.

7 L. Levi, ‘Endocrine Reactions during Emotional Stress’, in Emotional Stress, 
L. Levi (ed.), New York, 1968, Elsevier Pub. Co., pp. 109-13.

8J. J. Christian, J. A. Lloyd, and D. E. Davis, ‘The Role of Endocrines in the 
Self-Regulation of Mammalian Populations’, in Recent Progress in Hormone 
Research, New York, 1965, Academic Press, 501-78.

9 V. Denenberg (in press), ‘The Effects of Early Experience’, in The Behaviour 
of Domestic Animals, 2nd ed., E. S. E. Hafez (ed.), London, 1969, Balliere, Tindall 
and Cox.

10 W. C. Young, ‘The Hormones and Mating Behaviour’, in Sex and Internal 
Secretions, W. C. Young (ed.), Baltimore, 1961, Williams and Wilkins, 1173-239.

11 D. A. Hamburg, ‘Genetics of Adrenocortical Hormone Metabolism in Relation 
to Psychological Stress’, in Behaviour—Genetic Analysis, J. Hirsch (ed.), New York,
1967, McGraw-Hill, 154-75.

12 M. F. A. Montagu, ‘Constitutional and Prenatal Factors in Infant and Child 
Health’, in Human Development, M. L. Haimowitz and N. R. Haimowitz (eds.), 
New York, 1960, Crowell, 126-42; I. W. Monie, ‘Influence of the Environment on 
the Unborn’, in Human Ecology, J. B. Bresler (ed.), Reading, Mass., 1966, Addison- 
Wesley, 303-11.

13 J. R. Gentry, E. Parkhurst, and G. V. Bulin, ‘An Epidemiological Study of 
Congenital Malformations in New York State’, in Human Ecology, J. B. Bresler 
(ed.), Reading, Mass., 1966, Addison-Wesley, 223-47.

14 D. Grahn and K. Kratchman, ‘Variation in Neonatal Death Rate and Birth 
Weight in the United States and Possible Relations to Environmental Radiation, 
Geology and Altitude’, in Human Ecology, J. B. Bresler (ed.), Reading, Mass., 1966, 
Addison-Wesley, 251-76.

15 Hilda Knobloch and Benjamin Pasmanick, "Seasonal Variation in the Births of 
the Mentally Deficient,’ Environments of Man, J. B. Bresler (ed.), Reading, Mass.,
1968, Addison-Wesley, 157.

Discussion
Simons The discussion of the effect of over-crowding as we have seen 
is usually concerned with occupancy of physical space and physical
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proximity; that is, of physical territory, and of social territory. I am 
almost completely unfam iliar with this field, but I wonder whether 
at least in the case of man there might be a third category. This cate­
gory, it seems to me, has elements which are distinct from social terri­
tory and which include im portant determ ining factors in the response 
to physical space. For example, it is conceivable that some degree of 
physical confinement may not engender mental stress, and conversely, 
that while in virtual physical isolation a person may feel that his 
mental territory is being encroached upon and his stake to an area of 
m ental territory being challenged. Again, the claim that the basis for 
a person’s views are non-rational may be seen as a challenge to that 
person’s thinking patterns within his particular mental territory. My 
question is: Is it possible that these sorts of situations have aspects that 
are different from the concept of social territory or is it usual to incor­
porate them within that schema?

Lemberg One difficulty I see is that in humans the requirem ent for 
the individual space of an individual may be entirely different from 
one to another individual, much more so than in other animals.

mcbride Of course there is a large amount of variability in the 
am ount of space controlled by animals just as there is in man. T he 
im portant thing is, of course, that this is an almost universal feature 
of behaviour in animals and man. It is learned, perhaps without using 
the typical hum an verbalising approach. We acquire this in our 
growth without somebody explaining that it is some thirty inches in 
front, or it is seventeen inches at the side, and you can actually touch 
shoulders.

Regarding the fact that we often seek crowding and high levels of 
interaction, I have always argued that crowding involves this intrusion 
into personal space and this is always alerting. Mr Myers has picked 
up the next effect at the physiological level; I have tried to keep only 
to the social level. T here appears to be an optimum  amount of social 
contact required and this is probably true of every species. You will see 
an animal alert to the lack of social contact just as much as it will 
alert to too much. And, of course, in parties and such situations we go 
out specifically to create a subphase with certain properties to engage 
in  a large number of interactions. But we cannot keep this up in­
definitely nor do we ever try. So this idea of an optimum  leads to the 
seeking out of special situations of high and low interaction frequency. 
Of course, we not only have an optimum  num ber of interactions, but 
we also have an optimum num ber of each type of interaction. For the 
affiliative type of interactions, we almost certainly have an optimum 
here. It is true that in most animal groups, and in primitive societies, 
individuals are easily able to habituate or require a very high fre­
quency of affiliative interactions with individuals with which they are 
permanently in association and have very strong affiliative bonds. Of 
course one of the problems of our modern type of society is that we 
form affiliations specified in work groups, in play groups, in family 
groups. In  all these different types of groups that we jum p between
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and clutter our roads to do so, we have affiliations at various levels, 
and most of us are able to get whatever stimulation we need from 
affiliations in these. Some individuals are unable to acquire enough 
of these affiliative relationships and suffer from deficiencies here, and 
this is certainly a field that we need to know a lot more about. T he 
phenomenon of crowding in large anonymous groups—this of course 
is a phenomenon absent in m an’s evolutionary history. In many of 
our groups, entertainm ent groups, cinemas, dances and so forth, we are 
always coming into reasonably anonymous groups, so that we have a 
large repertoire of appropriate behaviour. If we intrude upon strang­
ers, we have standard forms of interactions, such as apologies, which 
are adaptations to this sort of crowding, and we know how to deal with 
them. But mob behaviour is quite different. We do have something 
analagous to this in animals, though not the aggressive type. T he hen 
rears her broods of chickens and keeps them totally isolated for the 
whole of the time she protects them. For about twelve weeks they 
never come in  contact with any other individual but the members of 
their brood and their dam. She finally drives them off and returns to 
the male. They then live a life in this tiny little group moving over 
the same area, doing the same things at the same times each day that 
they did with her. As they start to approach sexual m aturity a new 
change occurs. These groups have to be federated into one group 
before they move into the adult flock as sexual m aturity is completed. 
And they do this by streaming; one individual runs and all these birds 
run  and join in and a great stream of birds appears running across an 
open field, running somewhere, quite specifically to a tree that they 
know. Now, this is happening at about eighteen weeks of age. In  large 
fowl-houses where many thousands of birds are aggregated together, 
at this age a phenomenon called ‘fowl hysteria’ sometimes develops. 
A bird runs and other birds join. They start running but have nowhere 
to run  for it is an unstructured environment. They run  round and 
round, they build up the sawdust into an arena as they do so and then 
they finally stop from exhaustion, and twenty minutes later they 
start it up again in exactly the same way as the fowls do in the wild. 
Thus, when you take behaviour that is perfectly appropriate in one 
set of circumstances and put it into another, it can become quite 
abnormal and can be quite destructive to the individual.



7 Cedric M im s

The Impact of 
Qivilisation on the 
Giolcgyof Man

Stress in Relation to the 
Processes of Civilisation

Even Hans Selye, the pioneer of the stress concept, had difficulty in 
defining stress.1 But words can be worth using, even when they are hard 
to define. In  the popular sense, the word stress often refers to any 
noxious stimulus or situation, and sometimes indeed to any stimulus 
to which the organism responds. I shall use stress in a more restricted 
sense. Stress in the first place is any disturbance in body homeostasis 
general enough or severe enough to call into action a co-ordinated 
bodily response—a response which has been designed in evolution to 
cope with such disturbances. These disturbances include cold, hunger, 
physical exertion, infection, and injury, and in each case the response 
tends to involve the same set of hormonal and nervous mechanisms.

One should distinguish the stress stimulus (stressor) which induces 
the state of stress, from the response of the organism to this stress. Also, 
it is convenient to distinguish physical stress stimuli from mental stress 
stimuli. It is in the central nervous system that the response to a 
physical stress originates. T he central nervous system can also initiate 
these changes without the actual stimulus of physical stress, and this 
may be necessary, for instance, in the immediate preparation for ru n ­
ning or fighting. But the changes also occur in response to or in pre­
paration for a stress that is social or psychological rather than physical. 
In  other words, the stress is one that disturbs social or psychological 
homeostasis. T he changes nevertheless tend to be the ones appropriate 
for dealing with a physical stress. In  hum an beings, indeed, they 
occur in response to a stress which is only threatened, imagined, or 
symbolic. Such mental stresses have come to be more and more im port­
ant in hum an evolution and it is with them that I shall be dealing 
most of the time.

MECHANISMS IN T H E  RESPONSE T O  STRESS

It is worth briefly describing the mechanisms by which the stress 
responses operate, to understand how generalised they are, and, at the 
cost of some simplification, to see their adaptive significance.

The bodily changes of stress originate from the central nervous 
system, more specifically from the ancient limbic system, acting via 
the hypothalamus. T he hypothalamus in turn  acts on the autonomic 
nervous system and on certain endocrine glands (see Fig. 7:1).



168 THE IMPACT OF CIVILISATION ON THE BIOLOGY OF MAN

A utonomic nervous system

Stress changes mediated by the autonomic nervous system have been 
thoroughly documented, and Cannon2 showed how they can be inter­
preted as preparation for appropriate bodily action, such as fight or 
flight. From the hypothalamus messages travel down autonomic nerves 
to muscles and blood vessels, and also to the adrenal medulla where 
catecholamines (epinephrine and norepinephrine) are released into 
the blood stream. As a result, the heart beats faster and pumps out 
more blood, the blood vessels in muscle dilate, digestive functions are 
depressed, the blood clots more readily, glucose is released into the 
circulation and one feels alert, prepared. This is what happens for 
instance in competitive sports, or in parachute jumping .3 Since mental
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stress or excitement by itself can produce the changes that prepare the 
body for action, changes of this type also occur at stressful interviews 
or in viewing certain emotion-laden movies.s The thought or the 
threat of a metaphorical slap on the face may be as effective as a real 
slap on the face.

The classical work on stress changes mediated by the autonomic 
nervous system was done with Tom, the man with a gastric fistula.4 

The physicians who employed Tom as a laboratory assistant were able 
to study directly the changes in vascularity, secretion, and motility of 
his gastric mucosa. When he was frightened or depressed his gastric 
mucosa blanched, like his face, and secreted less acid; when he was 
angry his gastric mucosa became red, as did his face, and secreted 
more acid. The state of Tom’s mind profoundly influenced the state 
of his gastric mucosa, and much was thus learnt about the mechanism 
of production of peptic ulcers. Since then, similar studies have been 
made of human rectal mucosa and even small intestinal mucosa, with 
comparable findings.

There are many other changes mediated by the autonomic nervous 
system during mental stress. For instance, one useful physical indica­
tion of anxiety is an increase in forearm blood flow.5 There are also 
the stresses of misery or hopelessness as well as those of fight, flight, 
and fright. The precise pattern of change depends both on the indi­
vidual and on the stress stimulus.

A d r e n a l  c o r t e x

In the stress response, the message from the hypothalamus also goes to 
the anterior pituitary gland, which then produces more ACTH 
(adrenocorticotrophic hormone). The ACTH acts on the adrenal 
cortex, increasing its output of hormones. The glucocorticoid hor­
mones are of great importance in the response to stress. Perhaps the 
best way to understand their action is to think of local bodily reactions 
as being predominantly vascular, with dilation of small blood vessels 
or inflammation. "When local, these responses are excellent and appro­
priate, but if they were to take place on too large a scale, all over the 
body, as in general muscular activity, infection, or serious injury, it 
would be different. If each part now responded as vigorously as to a 
single local stimulus, the circulation would collapse, with disastrous 
results.

The glucocorticoid hormones, however, inhibit these vascular re­
sponses, mobilise glucose and free fatty acids from stored protein and 
fat, and allow catecholamines to have certain important actions. As a 
result, general bodily functions are kept intact so that there can be a 
generalised and appropriate response. For the moment, in fact, the 
parts are sacrificed for the good of the whole. This simplified concept 
of the action of adrenal cortical hormones dampening down local 
responsiveness for the general bodily good was foreshadowed by 
Selye6 who referred to ‘the fire alarm system which puts out the flame 
of inflammation’. More recently it has been extended and developed 
in some detail by Schayer.7

The adrenal cortical response takes place particularly during the
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physical stress of vigorous muscular activity, starvation, injury, surgical 
operation, or infection. Like the autonomic nervous system response to 
physical stress, it has been of immense survival value during evolution, 
and its importance is illustrated in the clinical picture seen in patients 
with adrenal cortical insufficiency. In  these patients the commonest 
symptom of all is general asthenia (weakness); this is first experienced 
during times of stress, and it later becomes continuous, requiring rest 
in bed. W ithout the adrenal cortical response one coidd live quietly 
and in safety as long as the environment presented no physical or men­
tal stresses, no im portant infections, injuries, or other challenges. But 
one could not go without food for long, nor carry out strenuous exer­
cise; one coidd not survive severe injury or major surgery.8

Increases in corticosteroid production have been shown to occur in 
man during various mental as well as physical stresses.9 For instance, 
in a university boat-race the coxswain had as great a response as the 
crew who were actually rowing.10 On a 400 mile ski journey across 
Greenland lasting 20 days11 the strongest member of the expedition 
had the lowest corticosteroid response except when he made a naviga­
tional error that forced a detour, and a university lecturer had a 
greater response during a busy autum n term than at any time during 
the 400 mile ski journey. Combat soldiers in the Korean war had as 
great a response on mere exposure to danger as when they were 
severely injured.12

O t h e r  m e c h a n i s m s

T he hypothalamus, via its action on the anterior pituitary gland, also 
increases the hormone output of the thyroid gland. This is what hap­
pens in  stressed men or sheep, although there is a decrease in thyroid 
hormone output in  animals such as the mouse or rabbit. T here may 
also be an increase in the output of growth hormone from the anterior 
pituitary gland.13

T here are probably other paths by which the stress response oper­
ates; for instance we do not understand how mental stress exacerbates 
certain skin diseases, arthritis, or asthma. T here are also im portant 
changes in the brain giving rise to the conscious experience of stress. 
These include the mental changes of anxiety, the mental clarity 
experienced during examinations or interviews, and the apprehension 
and alertness that goes with a dry m outh and palpitations. Little is 
known about the mechanism of these mental changes, and im portant 
advances in the neuropharmacology and neuroanatomy of stress will 
doubtless occur within the near future.

W hen the stress is mental in origin it may seem inappropriate that 
the response is still largely physical, involving muscles, heart, and 
intestine. But these responses are ancient ones. They are present in all 
vertebrates and arose in evolution to deal with physical situations. In 
many animals and in man they also occur in response to social stresses. 
T heir importance for survival has been such that they now fail to 
discriminate between physical, social, and symbolic stresses, between 
threats to the body and threats to self esteem or life situation. It is 
im portant to remember that the mental changes in the response are
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of great value, giving clearer thinking, resistance to mental fatigue, 
and resistance to the disrupting effect of conflicting emotional forces. 
Also, it is possible that these mental changes depend to a great extent 
on the circulating hormones that cause the bodily response. But it 
would seem inappropriate to make unconscious bodily preparation for 
a physical assault on one’s friend during a heated armchair discussion, 
on the government after reading the morning newspaper, or on society 
itself in the face of a threat to one’s life situation. T he fact that mod­
ern mental stresses still call into action the apparently inappropriate 
response of muscle, heart, intestine, and skin is testimony, not only 
to the tremendous biological importance of the total response, but 
also to the very recent appearance, in  evolutionary terms, of such m en­
tal stresses. Unless the inappropriate bodily response proved to be a 
severe selective disadvantage it might take several million years of 
genetic change in civilised man before the physical and mental com­
ponents were dissociated. An alternative genetic change might enable 
man to m onitor the mental stresses of modern life at the unconscious 
level and eliminate the irrelevant ones before they activated the stress 
response, in  much the same way that irrelevant sounds are screened 
out before reaching consciousness.

Although the same general mechanisms are involved in the response 
to many different stress stimuli, there are differences. T he relative 
importance of intestinal, skin, and heart changes, or of cortisol, thy­
roxin, epinephrine, and norepinephrine may depend on the stress, on 
the individual, and on the species.

DISEASES PRODUCED IN ASSOCIATION W IT H  
T H E  STRESS RESPONSE

From the outset, it must be remembered that in most people most of 
the time the stress response, far from being disadvantageous or patho­
genic, is vital and necessary. It seems to be only in  the unlucky 
minority that there are pathological consequences. On the other hand, 
body and m ind function as a whole, and for this reason alone mental 
stresses are likely to have some influence on the production and 
course of diseases.

This section includes almost all psychosomatic medicine, and con­
stitutes part of the subject m atter of psychiatry and psychoanalysis. It 
is a difficult field, and although pathological responses to stress are 
abundantly recognised in folklore, poetry, literature, and in the Eng­
lish language itself, this has not always been a respectable topic for 
serious scientific study. T he evidence about stress has often been anec­
dotal, and many of the larger surveys have been retrospective, with 
other im portant influences uncontrolled or unconsidered. T here have 
been those who were anxious to believe all, and those who have been 
reluctant to believe anything. One of the difficulties is that in a given 
patient with stress symptoms and disease it is often difficult to decide 
whether the stress produced the disease, or whether the stress symp­
toms arose in response to the disease, which had other causes. Never­
theless, the accumulated evidence is overwhelming that the mental
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stresses, the worries and anxieties of life, can play an im portant but ill- 
defined part in the production and in the exacerbation of mental and 
physical disease. Sometimes these stresses are hard to identify, if 
symbolic and subconsciously imagined, and we may have to tu rn  to 
the psychiatrist or psychoanalyst to understand them.

It is worth pointing out that there is little evidence that disease can 
occur as a result of the response to physical stress. On the contrary, 
physical stresses are sometimes applied therapeutically so that the 
stress response will aid recovery from disease; and for most people the 
physical stress of exercise exerts a healthy influence on m ind and body. 
Functionally, stress responses can be regarded as mobilising the body 
for action, or for resistance to physical insults. It is when there is no 
bodily action, or no physical insult to be resisted that there may be 
trouble. Hence disease in man may be associated with the stress re­
sponses to threatened insults (usually to the ego or life situation), 
and from the stress responses that lead to emotion w ithout motion. 
Little is understood about the consequences of such imbalance be­
tween the m ental and physical response, and this remains an im port­
ant field for research.

T he experimental evidence about the pathological effects of the 
stress response comes mainly from animals, but I shall not survey the 
growing mass of literature on this subject. In  the animal studies, the 
stress stimuli have often but unavoidably been unnatural, as in the 
production of experimental neuroses in monkeys14 or gastric ulcers in 
restrained rats .15 Sometimes the stress stimuli have been more physio­
logical, as in the death without significant injury after encounters 
between wild male rats or the reproductive failures seen in crowded 
rodents .16 It may be noted that the effect of crowding, social inter­
actions, and other stresses on reproductive performance seems to be of 
considerable significance in the regulation of populations of certain 
animals such as rats and mice.17 Studies in man are few, but the 
occurrence of war am enorrhoea18 and a few observations on the 
effects of stress in pregnant women19 suggest that mental stress can 
influence reproductive performance in man. Nevertheless, hum an 
populations in fact continue to expand under crowrdecl conditions, so 
perhaps the selective forces favouring the fertile have been stronger 
than any inhibiting effect of social stress on reproduction.

T here is often a rise in blood pressure during mental stress. Can 
hypertension arise because of a sustained state of overreaction to the 
stresses of life? U nfortunately the question is a complex one, and in 
spite of some interesting and suggestive studies20 it is not possible to 
reach clear conclusions. T he exact role of stress in relation to the 
production of myocardial disease is also unsettled ,21 but its importance 
seems established. Recent work indicates that the major predisposing 
factors to myocardial disease are especially connected with education 
and background ,22 and it is possible that they originate in childhood 
or adolescence. T he characteristic sufferer is described as having an 
extraordinary mental and physical alertness, a persistent desire for 
recognition and advancement, an intense sustained drive for 
achievement, and as being time stressed.23 Once myocardial disease is
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present mental stress can precipitate heart attacks, as shown by the 
occurrence of ‘anniversary infarctions’24 on the anniversary of the day 
an important event, such as the death of a parent, occurred.

There is a vast and growing literature on the subject of stress and 
disease, and I will give two examples of the production of disease in 
man by mental stresses. The first is bereavement, or the so-called grief 
reaction. Since the one certain thing about life is that it will end in 
death, the stress of bereavement is one to which man will always be 
exposed. Close survivors, such as widows or widowers, show fairly well- 
defined mental symptoms and signs.25 Also, for many months after the 
death they may suffer from a variety of psychosomatic diseases such 
as ulcerative colitis, arthritis, and skin diseases.26 More dramatically, 
in Lindemann’s27 classic studies of the grief reaction after the Coconut 
Grove fire in Boston, a few bereaved patients experienced massive 
rectal bleeding at the funeral itself, representing an acute attack of 
ulcerative colitis. There is also an increased mortality in survivors,28 
the so-called ‘broken heart’ phenomenon. Parkes29 goes so far as to 
suggest that grief may prove as important to psychopathology as in­
flammation is to pathology.

My second example is the phenomenon of illness clustering. In a 
careful study by Hinkle and Wolff,30 the illnesses and significant life 
events in several thousand people were recorded over a period of 20 
years. It was found that in a given individual illnesses of all kinds, not 
only peptic ulcers and neuroses but also bacterial infections and 
tumours, tended to occur in clusters, and there was a significant asso­
ciation of these illness clusters with stressful life situations. A similar 
study by Holmes and Rahe31 is still in progress, and the same associa­
tion has been found.

Where the stress response is associated with disease, it often seems 
to be the autonomic nervous system or thyroid gland, rather than the 
adrenal cortex, which is incriminated. But far too little is known to be 
able to eliminate the adrenal cortical response as a significant factor. 
For instance, there is still much to be learnt about the permissive and 
co-operative actions of corticosteroids, catecholamines, thyroxin, and 
other hormones.

PART PLAYED BY STRESS IN HUMAN EVOLUTION 
P hysical stress

Throughout human evolution men have been exposed to cold, hunger, 
infection, and trauma. The bones of palaeolithic man show fractures, 
chronic osteomyelitis, dental abscesses and so on. Palaeolithic woman, 
one might add, suffered the additional stresses of childbearing, and 
commonly died before the age of 30 years.32 No-one lived to be very 
old.

These physical stresses have been of great importance in the genetic 
weeding out of those with poor bodily resistance to trauma, infection, 
cold, and hunger. The stress responses described above, present in our 
prehuman ancestors, have been selected for and have proved their 
worth during the evolution of man.
N
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Many physical stresses have begun to disappear during the last 100 
years, at least in a fortunate minority of mankind. T he settled, more 
crowded life that followed the neolithic revolution led to a great in ­
crease in the amount of microbial and parasitic infections, but this, 
with the possible exception of respiratory and enteric virus infections, 
is now gradually being brought under control and is diminishing. On 
the other hand, m alnutrition remains widespread, and injury is still 
common in accidents and in the wars that we continue to fight. In ­
deed, certain physical stresses in the form of drugs, pollution, and 
diseases of old age and civilisation, have appeared quite recently. 
O n the whole, however, there is likely to be a continuing reduction 
in the total am ount of physical stress to which men are exposed, 
although injury, for instance, will never disappear, and disease will 
always be a stress.

M ental stress

Under this heading I shall discuss stress in the form of threats to the 
ego or, using the broadest term, to the life situation. I call it stress 
because it tends to call into action the ancient and vital bodily 
mechanisms involved in the response to physical stress. This is a new 
type of stress that has appeared during hum an evolution, and the fol­
lowing is a speculative account of its development.

Early palaeolithic man lived mainly in the present. He may have 
known that he would die, that winter changed to spring. He could 
talk, even learn. But his thoughts were very much to do with his 
day-to-day existence. He had no clear picture of himself in relation to 
his past and his future. Also, he did not think of himself as separate 
from the landscape, the vegetation, and the animals. He did not see 
enough of other groups of men to worry whether he was better or 
worse off than they were.

W ith the comparatively sudden appearance of the neolithic way of 
life there were great changes. Men came to be concerned and pre­
occupied with the future—with future possibilities and threats. Per­
haps this came inevitably with the coming of agriculture and the 
domestication of animals; with the sowing, reaping, feeding, and 
thought for the morrow. Man also began to see himself more in 
relation to, yet separate from, the environment. He began to build, 
plan, and worry about the future. Language, too, took a great leap 
forward, and became concerned with the future, with concepts rather 
than with immediate word pictures. In  the beginning was the word. 
Was the word in fact anxiety?3S

Modern man is obsessed with the future, its threats and its prom i­
ses. Urbanisation and more complex social structures have led to an 
increase in the num ber of these threats and promises. He seeks, strives, 
and struggles. T he difference between palaeolithic and modern man 
is not that palaeolithic man had no degree of self awareness or time 
awareness, but rather that modern man has these concepts in far 
greater intensity. He also has a more intense response to these con­
cepts, a more acute experience of them. By analogy, one can say that 
the acute quality of pain, or indeed of pleasure, is in the intensity
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with which the primary sensation is handled in consciousness. Mor­
phia, for instance, relieves pain not by affecting any change in the 
ability to sense pain, but by altering the conscious response to that 
sensation.34 The conscious response to pain is changed in a compar­
able way under hypnosis or by the action of a placebo, so that pain 
ceases to be an acutely unbearable experience. In the same way, the 
glimmerings of self and future in primitive man became central com­
ponents, acutely perceived in the mind of modern man, giving him a 
clearer picture of himself, his place in society, and the goals that can 
be struggled for and worried about.

This, then, is the phylogenetic development of self awareness and 
time awareness. One can also trace the ontogenetic development of 
these qualities in all men during infancy, childhood, and adolescence.35

Concern with the self and the future made it possible for there to 
be a new type of stress which could operate in men at the conscious 
or the unconscious level. Also, since it was a chronic concern with self 
and future, chronic stresses could be generated. These mental stresses 
have tended to become more severe in recent years, especially in com­
petitive societies, and competition is a particularly human type of 
stress. Competitive societies, with fluid socio-economic groupings, pro­
vide ever-present opportunities for success or failure. It may be noted 
that experimental neuroses can be produced in dogs or monkeys when 
there are difficult choices between alternatives. Perhaps some people 
are especially vulnerable to the mental stress of choices between con­
flicting alternatives. If they are born into a society with rather rigid 
religious or social structure, with clearly prescribed status and paths 
of conduct, they might enjoy better mental health and feel less in­
secure than if they were born into a society where these things were 
ill-defined or changeable.

It seems unlikely that primitive man was free of mental stress. 
There are primitive societies which have not had the opportunity to 
be corrupted by civilisation in which fear of spirits and the super­
natural, anxieties, phobias, and obsession are common.36 In any case, 
in man as in some animals, a certain amount of mental stress is an 
inevitable accompaniment of family and social organisation.

But almost nothing is known about the mind of early man. Only a 
time machine can rescue palaeopsychology or palaeopsychiatry from 
the realm of inference and guesswork. Nevertheless there is a great 
temptation, reflected in most of the world’s great myths and religions, 
to believe that man was originally happy and good. But something 
went wrong—a misplaced message, the fall, even the process of civilisa­
tion—and he lost this state of primordial grace. Man’s past was good, 
his future may be good, but he is now miserably en passage. What is 
the evidence for primitive man? Skeletal remains suggest that on 
occasions he killed, sacrificed, mutilated, even ate his fellow men,37 as 
many primitives do to this day. On the other hand he sometimes cared 
for old or injured people. Even the Neanderthals did this. There is 
the skeleton of a male in his late 40s with a withered amputated right 
arm, who was killed by a fall of rock in a cave; also that of a crippled 
toothless old male (la Chapelle aux Saints), who must have been fed
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by the others for years.38 Certainly many modern primitives are gentle, 
non-aggressive, and appear to live in an idyllic state of harmony with 
nature.39 But it may be incorrect to suppose that our palaeolithic 
ancestors were like this. Much current thinking about the effect of 
civilisation on the biology of man depends on the assumption that 
there have been no genetically determined mental changes in human 
populations since early palaeolithic times. While this may be true, 
with everything accounted for by the obvious and tremendous influ­
ence of environment and culture, it remains a possibility that there 
have been significant genetic changes, albeit small ones. The surviving 
living primitives seem often to have been pushed to the most inhos­
pitable corners of the earth by more aggressive invaders. The timid 
Bushmen were replaced by the more belligerent Bantus. Such aggres­
siveness would have had a strong selective advantage, and we do not 
really know to what extent it may have been genetically rather than 
culturally determined.

Although primitive man was not free of mental stress, it is clear 
that there has been an extraordinary increase since palaeolithic times. 
This increase, I am suggesting, was an inevitable result of the increase 
in self awareness and time awareness that took place during human 
history. And the increase in human populations since the neolithic 
revolution, together with the appearance of more complex social 
structures and opportunities to possess objects, have further increased 
the opportunities for mental stress.

Is there any evidence that there have been changes in the ability 
to respond to stress during human history? Richter’s40 work on the 
differences between domesticated and wild rats poses the question as 
to whether primitive man had a more vigorous adrenal response to 
stress than does ‘domesticated’ modern man. The few observations 
which have been made show that primitive South American Indians, 41 

South African Bantus, 42 and African Negroes43 have lower resting 
adrenal hormone outputs than Europeans. The part played by diet 
and other cultural differences is not known. They could nevertheless 
have a greater response to stress, as suggested by the analogy of athletes 
who tend to have slow resting pulse rates. But if, as has been sug­
gested above, the ability to respond to the physical stress of starvation, 
exertion, infection, and injury has continued to be important in recent 
human history, and if in addition human ‘domestication’ has led to 
the appearance of new stresses, it would seem unlikely there has been 
a significant weakening in the stress response of modern man. Such a 
weakening may well occur when the ability to resist stress ceases to 
be of selective advantage.

W h a t  is w r o n g  w i t h  m e n t a l  stress , a n d  w h y  do  w e  n o t  l i k e  i t ?

Does it lead to disease or a dulling of the enjoyment of life?
Disease. As discussed earlier, mental stress certainly seems to be associ­
ated with certain diseases, although in coronary disease, for instance, 
there is a complex web of causality in which diet, race, smoking, lack
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of exercise, and mental stress play parts which have not really been 
sorted out.44

Thinking of the harassed executive, with his high powered morning 
in the office, his glass of antacid milk and hypotensive tablets at lunch, 
his token exercise on the golf course at weekends, it is easy to say that 
he would be better off digging his garden, working one day a week, 
turning down his personal activity dial, as it were. But is this because 
he is not happy leading his type of life, or is it merely because we are 
worried about his health and longevity? If future advances in pharma­
cology could prevent his hypertension, heart disease, insomnia, or 
peptic ulceration, would everything be all right?

Dulling of enjoyment of life. Stress of the sort I am talking about goes 
with anxiety and worry. It is important to distinguish a healthy 
amount of anxiety and worry from a pathological amount. For in­
stance, anxiety neuroses represent pathological reactions, in which 
irritability, fatigue, headaches, and insomnia are disruptive mental 
forces, shattering the patient’s ability to deal with life situations and 
taking him to the psychiatrist.45 It is a maladaptation to stress. On the 
other hand, there is a healthy amount of anxiety and stress, which we 
all experience. It goes with caring about things and about the future. 
There is nothing abnormal about being sad, worried, or anxious about 
an exam result, and it is natural to mourn a loved one, even if it is 
called a ‘reactive depression’. This type of anxiety can also be creative, 
and has a great deal to do with incentives and with striving. If it were 
eliminated men would surely be reduced to the level of contented 
cows, chewing the cud, happily unconcerned with the fate of other 
cows, the future of pastures, or the future of cows. Perhaps the largest 
proportion of happy and contented people are to be found in insti­
tutions for the mentally defective. Even with schizophrenics, it is the 
least severely affected who have the peptic ulcers and hypertension.46

STRESS IN THE FUTURE
First, if we are to do anything worth doing we shall have to prevent 
the physical stresses of pollution and malnutrition, and at least reduce 
the physical stresses of infectious and parasitic diseases. After all, 
two-thirds of those in the world are still engaged in a day-to-day 
encounter with stresses of the most ancient and elemental sort.

We are all going to live in larger and larger urban areas. The land­
scape will be urban with rural oases set aside for food production 
and, one hopes, for recreation. It will be the great modern challenge 
to science and technology to construct these urban areas with freedom 
from certain mental stresses. But it can be done. We certainly can 
prevent noise, we can ensure personal privacy, and we can provide 
opportunities for diversity, recreation, and creation. When these 
things are taken care of, I doubt whether high density living itself will 
be stressful. On the contrary it may be richer, more varied, and even 
healthier than low density living. We evolved as groups of 20-30, but 
can live in larger groups in which our close acquaintances still only 
number 20-30.
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If, then, we were to eliminate the stresses of noise, lack of privacy, 
and even the unnecessary stresses of the struggle for possessions and 
status, what would be left? First, there would always be the stress of 
the individual living in a community. During infancy and childhood, 
the developing self comes into conflict with a variety of parental and 
social restrictions, and it is from the encounter between these con­
flicting forces that the adidt emerges. As long as men live in families 
and communities, this will continue to be a source of stress. Is there 
anything more? Just the stress of a full life. The stress of learning, lov­
ing, hating, grieving, caring passionately about anything, trying hard 
to do anything. These must stay as the irreducible minimum. It is in 
the striving as much as in the achievement itself that human satisfac­
tion lies. Hans Selye, the great pioneer of the stress concept, dedicated 
his book The Stress of Life to ‘those who are not afraid to enjoy the 
stress of a full life’.

Of course, it is only some people who respond to stress in a way that 
leads to hypertension, coronary disease, or anxiety neurosis—a way 
that can be regarded as maladaptive. Future advances in medical 
science will doubtless enable such people to live less dangerously. Many 
other people respond adaptively. The stress response enables them to 
deal successfully with situations, and they suffer no harmful effects in 
spite of the rises in blood pressure, cholesterol, cortisol, and catechola­
mines. If in the future we achieve the above-mentioned reduction in 
total stress load, leaving only the residual and desirable stresses of the 
full life, then I do not think that these stresses will lead to significant 
mental or physical disease.

There is a danger that in a world with about 1010 people, it will be 
inconvenient for us all to enjoy a full life. For the good of society we 
shall have renounced our right to use lethal weapons like the gun and 
the automobile, our right to make rubbish, noise, or children, our 
right to be alone in the wide open spaces of the world. There is a 
serious possibility that for the good of society, for the efficient running 
of a densely populated world, we may slowly be expected to give up 
our right to be different individuals, to do as many different things as 
possible, to have adventures, to seek and to strive. But these rights
matter. They will always be a source of stress, but it is in the exercise
of these rights that the human quality resides. A man without such 
stresses would be like a violin without strings.

Boredom, let it be remembered, can be a stress, and it is not incon­
ceivable that intelligent man, one day in the future, will start to 
become obsessed with an aching awareness of his own nothingness. 
The best preventative is that we hold on to these basic rights. If ever 
there are moves to curtail them, or to produce men who are happy 
without them, we must resist. We must resist the human batteries as
portrayed by E. M. Forster in his story ‘The Day the Machine
Stopped’. If necessary we shall have to take the world population back 
to 108. Better 108 human beings than 1010 human cows (‘Homo 
insipiens’). It was Julian Huxley who asked the right question, 
‘What are people for?’ All the important religions and philosophies
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have taught about the quality of life. T he question of numbers had 
not arisen in those days, but if it had, the world’s great teachers would 
have had no doubt which came first.

Summary
A stress stimulus disturbs homeostasis sufficiently for there to be a co­
ordinated bodily response to deal with the situation. The response may 
involve physical action, as in running or fighting, or bodily resistance 
to cold, injury, or infection.

T he  stress responses arise in the central nervous system and are 
expressed through the hypothalamus, which in turn  acts through the 
autonomic nervous system and the pituitary gland. T he pituitary 
gland controls the secretion of adrenal cortical and other hormones. 
As a result of these responses there is a general mobilisation of the 
body machinery to deal with the stress. In  evolution this has proved 
an appropriate and vital type of response which has been of immense 
adaptive value.

T he stress response can take place when the need for action or for 
resistance to physical insults is foreseen in the central nervous system; 
the foreseeing of the need then in fact becomes the stress stimulus.

In  man, and especially since the neolithic period, there has been a 
great increase in time awrareness, giving greater opportunities for 
responses to foreseen stresses. An increase in self awareness increased 
the num ber and variety of stresses to the self. Also, advances in language 
and the ability to symbolise, meant that men could respond to 
imagined and symbolic stresses. Although such stresses were mental, 
they continued to induce the bodily responses appropriate for dealing 
with physical stresses. T he possible mental stresses were further in ­
creased by the appearance of possessions and more complex societies, 
giving men responsibilities, status, and ownership.

Thus, while physical stresses have been im portant throughout 
hum an evolution, significant mental stresses have appeared since neo­
lithic times.

Mental stress is associated with certain mental and physical dis­
eases which are common in modern man, but there is often a complex 
web of causality in w'hich stress and other factors play poorly under­
stood parts. Some of the m ental stresses afflicting modern man, such 
as noise, lack of privacy, inadequate recreation, can be reduced by 
appropriate urban planning. Others, such as the competitive struggle 
for status and possessions, could at least be reduced by socio-economic 
changes and it is likely that advances in medical science will render 
the stress response less pathogenic. If mental stresses are reduced, and 
if in addition there continues to be a fall in the physical stresses to 
which men are exposed, there will always remain the stress of a full 
life.

T he stress of a full life is desirable and inescapable if men are to
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continue as men. If population pressures make it necessary to have 
unstressed (dehumanised) men, then quality must come before quan­
tity and the world population must be allowed to fall.
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Comments
m . g . m c c a l l  Dr Mims has given us a stimulating and provocative 
paper. He has covered a broad canvas and I hope he will forgive me if 
I comment on matters of detail.

The effect of physical stress on endocrine activity and autonomic 
activity, with consequent effects on muscles, skin, blood vessels, cardiac



182 THE IMPACT OF CIVILISATION ON THE BIOLOGY OF MAN

output, digestion, haemostasis, and carbohydrate metabolism, is rela­
tively well understood. It appears reasonable that in an evolutionary 
context, and in the light or the physiological changes evoked by stress, 
this reaction has continued because it enhances physical and mental 
capacity to deal with the stressful situation. T h at similar physiological 
changes are evoked by m ental stimuli alone we can recognise in our 
day-to-day life, and it would certainly appear that civilised living con­
ditions provide an increasing incidence of stress situations where 
physical action is inappropriate.

T he crux of the m atter is, however, the unequivocal demonstration 
in m an that the stress reaction unaccompanied by appropriate physical 
activity is deleterious to health.

Kessel and M unro,1 in  reviewing the relevant literature in 1963 on 
psychosomatic disease for the W H O Committee on Mental Health, 
were forced to the following conclusion, and I quote:

‘I t  has been the fate of the majority of studies to fail to show any 
significant relationship between the psychosomatic illnesses and per­
sonality, emotional factors, or psychologically stressful circum­
stances.’

They go on to note that this will not deter those committed to the 
banner of psychosomatics.

Again, Stammler,2 reviewing the roles of stress, tension, high drive 
personality, and behaviour patterns in the genesis of coronary heart 
disease, notes that scientific understanding of the influence of these 
factors is far from clear. Stress is present in the lives of populations in 
economically underdeveloped countries, but they remain remarkably 
free of premature clinical atherosclerosis. In this context it is as well 
to remember that during W orld W ar II the incidence of clinical 
coronary heart disease fell substantially in a number of European 
countries, including England, Holland, and Scandinavia, at a time 
when stress of a particular type must have been very high.

It does appear, however, that stress, whether physical or mental, 
does exacerbate certain illnesses regardless of whether these illnesses 
are definitely organic or possibly psychosomatic. It also seems evident 
that in any urban population there tends to be a group of persons 
prone to both physical and mental ill-health.

Such socio-medical studies as are available, for example from Fan­
ning,3 suggest that rather than increasing stress being the sole basis 
of excessive morbidity in highly urbanised groups, boredom, particu­
larly in women, may be responsible for a marked increase in mor­
bidity and attendance at the doctor’s surgery for a variety of com­
plaints vaguely categorised as psychoneurotic. Furthermore, the organi­
sation of life within high rise flat units tends to isolate people not only 
from social contacts but also from outdoor activities. Social isolation 
again contributes to psychoneurotic illness, while isolation from out­
door physical activities, particularly in children, is thought to be a 
factor in the flat dwellers’ predisposition to excessive morbidity, for 
example from upper respiratory tract infections. Dr Freeman’s com-
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merits on childhood freedom of movement in more primitive societies 
may have particular relevance to these observations.

On the basis of available information, including that reviewed by 
Dr Mims, I cannot think that we are yet in a position to do much more 
than speculate about the effects of the stress and isolation of modern 
urban life on physical and mental health of man.

Answers to the present gaps in our knowledge will demand a m ulti­
disciplinary approach to the collection of new data, and the preserva­
tion of inform ation about the entire range of activities and charac­
teristics of communities which exist at present, as mentioned by Pro­
fessor Stanley. Answers also lie in part in the re-organisation of data 
collected routinely at present so as to facilitate its use in research. The 
collection of uniform personal identification data on vital certificates 
and on health data would prepare the way for future record linkage 
studies. If, for example, linkage studies were possible between hospital 
morbidity data currently collected and death certificates there would 
be an end to the sort of difficulties Dr Wells has noted in the death 
certificate analyses presented by Dr Furnass. Not only would we know 
exactly what discrepancies exist in death certificates, but steps could 
be taken to rectify inaccuracies soon after the collection of the data.

T here are few areas in the world where the whole range of civilisa­
tion, from populations of nomadic foodgatherers and hunters to high 
rise fiat dwellers, is available for study. Australia is one of these rare 
natural laboratories where dilferent cultural and ethnic groups exist 
side by side, and where, because of a rapid process of change and 
development, both secular and cross-sectional trends can be estab­
lished.

In  a situation where m an is committed to increasing urbanisation 
but has it within his capacity to modify and develop the urban envir­
onment, it would seem imperative that, when there is suggestive 
evidence that an as yet undeterm ined degree of ill-health is a conse­
quence of as yet poorly delineated factors in u rban isa tion  as currently 
organised, further m ultidisciplinary studies on these problems be 
actively encouraged—and that in Australia we realise and exploit our 
potential for such research.

1 W. I. N. Kessel and A. Munro, WHO Expert Committee on Mental Health, 
Working Paper No. 28, 1963.

2 J .  Stammler, Lectures on Preventive Cardiology, New York, 1967, Grune and 
Stratton.

3 D. M. Fanning, ‘Families in Flats’, Brit.Med.J., 4, 1967, 382.

p. j. nestel Evaluation of stress is very difficult. It is a highly indi­
vidual response which is variable and dependent on many factors such 
as the individual’s personality, his intellectual and scholastic ability, 
the appropriateness of the stress, etc. Objective measurement of stress
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is a very inexact science. Many psychometric and physiological indices 
have been measured during stress tests and some of the following 
points are worth considering as examples of the difficulties which are 
encountered.
(1) There is no uniform response to different varieties of stress. Even 

the secretion of adrenalin and noradrenalin, which are often 
thought to exemplify stress most clearly, are not necessarily stimu­
lated by the same kinds of stress. Adrenalin may be secreted pre­
dominantly in some people, especially following fear and anxiety, 
whereas noradrenalin may be secreted mainly in other people 
or in response to anger and aggression. Since one hormone may 
raise the heart rate and blood pressure and the other lower 
them, this point is of some importance. Furthermore, stresses may 
stimulate the pituitary adrenal axis and not the sympathetic ner­
vous system and vice versa.

(2) We have studied the relationships between different physiological 
manifestations of stress such as the changes in blood pressure, 
heart rate, respiratory rate, sweating of the skin, and some bio­
chemical changes such as the rise in plasma free fatty acids, the 
excretion of adrenalin, etc. Correlations do exist but they are of 
a low order (r = 0-3-0-4). Interestingly, estimates of personality 
such as neuroticism also show significant, though low-order, corre­
lations with the physiological changes. Thus, the physiological 
changes bear some relationship to stress and to the subject’s 
make-up, but the low correlation suggests inexact measurement 
and/or multiplicity of other factors.

(3) It is therefore not surprising that the response of an individual to 
stress is variable in some, but not in other respects. We have 
found, for example, that some manifestations of stress such as the 
rise in blood pressure and heart rate may be very similar to re­
peated exposures to stress, whereas the rise in adrenalin and 
plasma-free fatty acids may adapt, i.e. fail to rise on repetition.

(4) This merely emphasises the heterogeneous response to stress. It 
may be a reason why some people develop psychosomatic disease 
and others do not. However, the response within disease states 
is also far from homogeneous. Coronary artery disease and hyper­
tension have been mentioned as possible stress-related disorders. 
We have found the response to stress to vary greatly among men 
who had survived a coronary occlusion. On the average their re­
sponse was greater than in normal subjects. However, those men 
who subsequently suffered from chest pain showed greater sym­
pathetic nervous responsiveness to stress in terms of blood pres­
sure, heart rate, and noradrenalin secretion than those men who 
had no further chest paitii after their occlusion. The increased 
response to stress in coronary disease may therefore have reflected 
the fear of pain or a predisposition towards developing pain 
rather than a causal relation to the disease itself. The difficulties 
in relating a disease to stress are also exemplified in hypertension. 
We measured the changes in blood and noradrenalin excretion
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during stress. Though hypertensives on the average had signifi­
cantly greater rises in blood pressure and noradrenalin, it was 
clear that this applied particularly to labile hypertensives who 
comprise only one of several varieties of hypertension.

These points demonstrate some of the problems in measuring and 
evaluating the response to stress especially as it applies to disease.

Discussion
r u b b o  I was very interested in Dr Mims’s separation of the different 
types of stresses and particularly in regard to his classification of 
physical stresses, all of which were really harmful stresses; stresses of 
starvation, stresses of disease and infection, and stresses of other in­
juries. It seems to me that in modern civilisation, we find a stratifica­
tion of individuals in society so that, as you move towards the elite in 
the community, you find they are subjected more to the mental stresses 
of decision-making and less to the physical stresses of their environ­
ment; and they are subjected to other stresses, such as over-eating and 
so on. What I want to get at is this—surely there is one element of 
stress which no one seems to have mentioned and that is the question of 
healthful physical stress. In other words, are we as a community, a 
car-borne, lift-borne, and centrally-heated community, avoiding the 
challenge of physical stress? Is it true, for example, that in our present 
society those who are engaged in heavy hard work and not involved 
with a degree of mental stress are less subject to coronary heart dis­
ease and hypertension and other psychoneurotic manifestations of ill­
ness as compared to those who are subjected predominantly to mental 
stresses and less to the physical stresses?

p r o v i n s  I have been very interested in the discussion so far which 
has centred around the long-term physiological effects of stress, but I 
should like to follow up the point made by the last speaker concerning 
the development of technology and the impact of associated changes 
(e.g. reduction of physical exercise) on our present way of life. To my 
mind, this raises the question of the effects on behaviour of the type 
and degree of physical stress which occurs in industry in particular. 
The degree of technological sophistication to which we have evolved 
today has almost inevitably brought with it noise stress, heat stress, 
and similar physical stresses which until recently appear not to have 
been given the systematic attention by psychologists that perhaps 
they deserve. However, in the past few years some fruitful experi­
mental work has been undertaken on these conditions in relation to 
the efficiency of man in his working environment the results of which 
have, perhaps, theoretical implications relevant to the present discus­
sion.1 One of the findings seems to be that the effects of stresses such 
as heat, noise, and sleep loss interact, that is, their effects on the indi­
vidual may be additive or they may subtract from one another.2 These
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effects are shown in the performance of the individual, in the effici­
ency with which he carries out his daily tasks, and from the work of 
physiologists such as Magoun and others3 on the reticular formation 
of the brain stem, a theoretical explanation has been postidated to 
account for the immediate or short-term effects of these stresses.4 So 
far as I am aware no similar work has been carried out on the long­
term or enduring effects of the action and interaction of such stresses 
on hum an performance (i.e. comparable to the investigations of 
Selye and R ichter5 at the neuro-endocrine level) although this is 
undoubtedly of relevance to the present pattern of living in indus­
trialised societies.

1 D. E. Broadbent, ‘Effects of Noise on Behaviour’, in Handbook of Noise 
Control, C. M. Harris (ed.), New York, 1957, McGraw-Hill, Chapter 10.

2 D. E. Broadbent, ‘Differences and Interactions Between Stresses’, Quart.].exp. 
Psychol., 15, 1963, 205-11; K. A. Provins, ‘Environmental Heat, Body Temperature 
and Behaviour: An Hypothesis’, Aust.J.Psychol., 18, 1966, 118-29.

3 G. Moruzzi and H. W. Magoun, ‘Brain Stem Reticular Formation and Activa­
tion of the E.E.G.’, E.E.G.Clin.Neurophysiol., 1, 1949, 455-73; D. B. Lindsley et al., 
‘Behavioural and E.E.G. Changes Following Chronic Brain Stem Lesions in the 
Cat’, E.E.G.Clin.Neurophysiol., 2, 1950, 483-98.

4 D. O. Hebb, ‘Drives and the C.N.S. (Conceptual Nervous System)’, Psychol.Rev., 
62, 1955, 243-54.

5 H. Selye, ‘The Physiology and Pathology of Exposure to Stress: a Treatise 
Based on the Concepts of the General Adaptation Syndrome and the Diseases of 
Adaptation’, Acta Inc.Med.Pub., 1950, Montreal; C. P. Richter, ‘Neurological Basis of 
Responses to Stress’, in Ciba Foundation Symposium on the Neurological Basis of 
Behaviour, G. E. W. Wolstenholme and C. N. O’Connor (eds.), London, 1958, 
Churchill.

w alkley  My first comment relates to what Dr Freeman was saying 
about the different hum an behaviours induced by different plans of 
dwellings, when he drew attention to the lack of walls in a Samoan 
hut and compared this with the box-like, cage-like structure of the 
modern house, with its doors that are lockable. I think perhaps it is of 
some significance to point out that not only have dwellings in general 
over the last couple of generations become more freely planned, more 
openly planned, with fewer barriers in the form of walls and doors, 
but I think on the larger scale our towns and our cities are being more 
freely and more openly planned in the same way, with fewer confined 
spaces. I think this is perhaps relevant to the discussion. T h e  other 
point I would appreciate making, Mr Chairman, is that as Director of 
the Australian Institute of Urban Studies, I was delighted to hear 
Dr McCall advocate further studies of higher density living and all its 
consequences—because this seems to me to be one of the outstanding 
problems of our cities of Australia. It is my job to try to determine 
some of the principal problems in many different fields besetting our 
cities, and this one—this m atter of high density living as against low 
density—is one of those which crops up almost every day. Every city 
in Australia, even the small ones, have a problem great or large, re­
lating to redevelopment; and redevelopment usually means replacing 
what exists with higher density housing as in Carlton, M elbourne and 
similar areas. I am sure that the planners of today—in particular those
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charged with the responsibility for redevelopment—would be very 
pleased to see a greater breadth and depth of study of the effects on 
hum an beings of higher density living, and it is in this field that I 
hope there may be further collaboration between the Institute I 
represent and some of the gentlemen here today.

f r e e m a n  A num ber of us seem to be agreed that Dr Mims’s paper 
was stimulating; it stimulates me to speculate briefly on an evolution­
ary issue. Tw o of the points discussed by Dr Mims were (a) the nature 
of the pathways between the cerebral cortex and endocrine and re­
lated systems, and (b) the great antiquity, phylogenetically, of these 
latter systems. Now, if we consider the quite rapid evolution, in phylo­
genetic terms, of the hum an neocortex, it would appear that a phase 
was passed through during the upper palaeolithic when there was 
increasing input from the evolving neocortex into these systems. One 
of the principal discoveries of Freud was the mechanism of repression, 
and it is possible that the adaptive function of repression is the m oni­
toring of input from the symbolising neocortex into the endocrine 
and other phylogenetically much older physiological systems. If this 
be so, a different conclusion may be drawn from that leapt to by some 
enthusiasts in the 1920s, who thought that the repressed state was 
‘unhealthy’ and ought always to be ‘got rid of’, a conclusion associated 
with an attack on civilised values on the ground that ‘civilisation 
spells repression’.1 I think that most psychiatrists no longer take this 
point of view2 and that it is now recognised that the uncontrolled 
loss of repression is prone to end in psychosis. I would disagree with 
Dr Mims on one minor point; we have not, I agree, a time machine, 
but this does not forever deny us any real understanding of the unique 
history of our species, for we do happen to have brains pre-adapted to 
the making of scientifically based inferences about the course of 
hum an evolution, and it behoves us to use them.

1 S. D. Schmalhausen, Why we Misbehave, New York, 1928, Macaulay, 34.
2 N. Cameron, Personality Development and Psycho-pathology, Boston, 1963, 

Houghton Mifflin, 238-9, 300-1.

h e t z e l  (Chairman) I do not think we have a psychiatrist here, and I 
think it is perhaps just as well in some ways because it would not be 
fair to have just one psychiatrist. I think we would need three or four 
of them to answer your question, Dr Freeman, because I do not think 
there would be a general consensus among them on the answer.

It is a very complicated question, and in a sense we envy Dr Mims 
his capacity to gather the whole landscape into one fine picture. But 
the qualifications introduced by Dr McCall and Dr Nestel arising out 
of experience of investigation of these matters in man are I think 
quite appropriate. T he word ‘stress’ burst in upon us, of course, from 
physical science and was taken over and popularised by Hans Selye, 
and apparently as a result of his advocacy has been absorbed un­
changed into all the European languages. He gave a lecture in Paris, 
I believe, in 1950 in which he used the word, and the word was 
accepted by the French which was perhaps not usual, with respect to
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Professor Dubos! T he French agreed it should be masculine! And I 
believe it occurs now in all the continental languages. It is a word that 
has its dangers, as I think many of us well know. It is of course a 
particular word referring to interaction of man with his environment, 
and it has been very loosely used, I think, by Selye himself, whose 
work was entirely confined to rats. Those of us concerned with stress 
in m an get very uneasy when people talk too much about Selye and 
his particular work, which has, however, been a great stimulus in .the  
field. T he statement of the hypothesis linking stress and disease has to 
be very carefully made, in my opinion. We know that most diseases 
have m ultifactorial causation. A particular aspect of interaction with 
the environm ent is just one facet of the whole problem. We know 
that man, as we have been reminded here, has a very diverse genetic 
inheritance and particular patterns of physiological response of blood 
pressure, clotting time, gastric secretion, or whatever it may be, occur 
only in certain people and, with an appropriate trigger, lead to the 
occurrence of disease in certain susceptible subjects. T he general 
hypothesis that there is a link between environment and disease I 
think we can accept, most of us, but there are a lot of details to be 
filled in. Dr Mims’s paper seemed to me to provide a very useful 
sort of generalisation for an audience of this type, but I am afraid 
those of us in the field have many headaches before we have the pre­
cise knowledge we need. At the same time I would admit that we have 
been rather narrow in our approach to this problem. We have been 
thinking more in mechanistic than general biological or psychobio- 
logical terms, and I think we benefit from discussion of this sort. Now 
I think I will ask Dr Mims if he would like to say a few words just 
in closing.

mims I have no time to answer all of the points, so I shall say only a 
few words about what some people said.

I agree completely with Dr Freeman. There are im portant implica­
tions of the inability of the neocortex to discriminate between stress 
stimuli and to repress irrelevant ones rather than feed them all into 
the limbic system. In  a very comparable situation the neocortex 
screens out irrelevant noises and so we do not consciously hear any­
thing. It has been suggested that if the Middle Ages had lasted ten 
thousand years there might (from the evolutionary point of view) 
have been time for the neocortex to reach some adjustment to civilised 
life and screen out irrelevant stress stimuli.

We certainly need to quantify the study of stress. I had to over­
simplify, present a broad canvas which anybody could understand, 
and my paper was not, of course, a detailed technical description or 
discussion of stress and its mechanisms. We need to quantify and we 
need to find out a lot more. On the other hand, the fact that quantifi­
cation is difficult does not mean that stress cannot be studied and that 
no conclusions can be drawn from such studies even now. We are not 
in the enviable situation of the zoologists who have a little animal 
called the tree shrew; when stressed, the hairs on its tail stand on end, 
and you can measure the proportion of each twelve-hour period that
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they do this . 1 T his is beautifully quantitative, and can be correlated 
with the stress results in terms of retarded growth, reproductive per­
formance and so on. Unfortunately, it is very hard for man, who has 
no hairs on his tail!

1 H. Autrum and D. von Holst, ‘Social Stress in the Tree Shrew (Tupaia glis) 
and its Effect on Growth, Body Weight and Reproduction’, Z.Vergl.Physiol., 58, 1968, 
347-55.
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The capacity to adapt to changing conditions is an essential property 
of living matter, and the fate of species in  evolution and of individual 
organisms in their lifetimes is determined largely by the degree of 
effectiveness of their adaptive processes.* T he mechanisms by which 
adaptation takes place are m ultiple and varied, but each falls fairly 
readily into one of three broad categories. Before embarking upon the 
main topic of this paper, which concerns a form of adaptation of ex­
ceptional importance to the hum an species, it is relevant to summarise 
the characteristics of these three classes of adaptive processes.

E volutionary  adaptation

This kind of adaptation consists of the modification of the genetic 
constitution of populations through natural selection so that they 
become better fitted, in the Darwinian sense, to the prevailing condi­
tions of life. W hen lasting changes occur in the environment of a 
species, new selection pressures are introduced and the species eventu­
ally either becomes genetically adapted to the new circumstances or 
else it becomes extinct, the latter being the more usual outcome . 1

T hus the sum total of the inherited characteristics of an individual 
animal—all the features of its anatomy, its physiology, its innate be­
haviour—are the product of this kind of adaptation acting on the 
ancestral populations of the species during its evolutionary history.

In  the case of Homo sapiens, the genetically-determined characteris­
tics which distinguish the species from the other primates, including 
his high degree of dexterity, his ability to communicate through 
learned symbolic speech, his exceptional capacity for learning, and his 
unusual intelligence are the products of the evolutionary pressures 
which were operating throughout the miocene and pliocene periods, 
but especially during the two million years of the pleistocene period .2

* According to the Shorter Oxford Dictionary, ‘adaptation’ means ‘the process of 
modifying so as to suit new conditions’. In general, the usage of this word in 
biological, medical, and psychological literature comes within this definition, 
although there is a tendency nowadays in some circles for the term to be used for 
any response of the organism to environmental influences. This widening of the 
meaning of the term is confusing and unnecessary, and in this paper we restrict its 
use to those changes which take place in populations or in individual organisms 
that render them better suited to the environment and better able to cope with the 
conditions of life.
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I n n a t e  o r  g e n e t i c a l l y -co d e d  a d a p t a t i o n

Under this heading we include all those inbuilt responses which occur 
spontaneously in the individual animal in the face of environmental 
change and which render the organism better able to cope in the new 
conditions. T he responses may be physiological, behavioural or, in the 
case of the young animal, they may affect growth and development.*

Some of these genetically-coded reactions occur rapidly as, for in­
stance, in the case of the chemical changes which occur in the blood 
following sudden fright or anger and which render the individual 
better equipped to meet the physical demands of the new situation. 
Others, such as the healing of wounds, are slower in developing.

Repeated stimulation of sense organs results in a temporary reduc­
tion in their sensitivity, and in some physiological textbooks the term 
‘adaptation’ is used exclusively for this phenomenon. T hus the tem­
porary impairm ent of hearing which occurs in man when exposed to 
high levels of noise in factories and elsewhere can be regarded as 
adaptive in the noisy situation itself, although it is clearly m aladap­
tive when the affected individual tries to understand ordinary conver­
sation in  quieter surroundings .3 Even the permanent deafness which 
follows frequent and prolonged exposure to high levels of noise might 
be considered adaptive in that it may have a beneficial effect on the 
individual’s performance in the noisy environment.

Instinctive patterns of behaviour which occur spontaneously in 
animals in response to certain environmental stimuli, such as the flight 
reaction following the appearance on the scene of a potential pre­
dator, fall into this second category of adaptive processes.

Genetically-coded mechanisms of adaptation are, of course, the pro­
ducts of evolutionary adaptation. This fact is im portant in the present 
context, because it tells us that such adaptive processes can exist for 
coping only with environmental predicaments of a kind that have 
been within the fairly frequent experience of the species during its 
evolutionary history. An unnatural environmental situation may well 
trigger off one or more of the innate ‘adaptive’ mechanisms, but these 
are likely to be ineffectual or even harmful in the strange circum­
stances.4

A d a p t a t i o n  t h r o u g h  l e a r n i n g  a n d  c o n d i t i o n i n g

Increasing in importance as we ascend the evolutionary scale is a 
kind of adaptive behaviour which is not genetically-coded, and which 
depends on the processes of learning and on the previous experience 
of the individual. Learning achieves its greatest significance in Homo  
sapiens, in which species it is responsible for by far the greater part of 
the individual’s behaviour.

* It is worth emphasising that all the responses in the second category are 
‘genetic’ in the sense that the sequence of events in each case is determined by 
the animal’s hereditary constitution. For this reason, it is preferable to avoid the 
usual term ‘genetic adaptation’ for the first category of adaptive responses, since 
this usage tends to give the misleading impression that the other kinds of adapta­
tion are independent of genetic control. The term physiological adaptation’ which 
is often used for the second category of adaptive reactions is unsatisfactory because 
it disregards behavioural adaptive responses.
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‘Cultural adaptation’, the subject of this paper, belongs to this third 
category of adaptive processes. It occurs almost exclusively in man and 
depends not only on m an’s ability to learn from experience, bu t also 
on the capacity of hum an society to accumulate knowledge gathered 
by its members and to pass this knowledge on to other individuals and 
to subsequent generations. W hile the processes of cultural adaptation 
are not genetically coded, they are, of course, dependent on m an’s 
genetically-determined potential to learn and to communicate through 
the use of symbolic language.

Although it is well recognised that man, as compared with other 
species, has available to him this additional means of adapting to en­
vironmental conditions, the processes of cultural adaptation receive 
extraordinarily little serious attention from natural scientists, social 
scientists, or students of the humanities. T he purpose of the present 
paper is to stimulate some discussion in this neglected area. It is con­
cerned primarily with cultural manoeuvres aimed at overcoming 
forms of biological maladjustm ent which arise in the hum an organism 
as a consequence of changing conditions of life associated with the 
processes of civilisation.

T H E  IM PORTANCE OF C U LTU RA L ADA PTA TION IN 
CIVILISATION

Through natural selection, species develop biological characteristics 
which render them extremely well-suited to the conditions to which 
they are exposed as they evolve. Should the conditions of life deviate 
in any way from those to which the species is thus fitted through 
evolution, signs of maladjustment are almost inevitable. T he  more 
drastic the changes, or the more numerous they are, the greater the 
level of m aladjustment that can be anticipated and in the long run 
the survival of the species will depend on the effectiveness of the 
mechanisms of adaptation to the new conditions.

It requires little imagination to appreciate that numerous extensive 
changes have occurred in the conditions of life of man during the past 
few thousand years. These changes involve every aspect of his biology, 
including his diet, his sleep patterns, the quality of the air he breathes, 
the number and closeness of daily contacts with other members of his 
species, his sexual environment, and so on. Signs of biological malad­
justment have inevitably appeared in response to these changes and it 
is pertinent to inquire into the relative importance of the roies of the 
three categories of adaptation in assisting the species to survive under 
the new conditions.

W ith regard to the role of evolutionary adaptation, the significant 
fact is that only three or four hundred generations have passed since 
the time when all mankind led a nomadic life based on hunting, food­
gathering and the use of tools and weapons fashioned by hand out of 
raw materials provided by the natural environment. In as small a num ­
ber of generations as this, appreciable genetic change could have 
occurred through natural selection only in the presence of fairly strong 
selection pressures. In  general, however, the new environmental con-
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ditions imposed on the hum an organism since the neolithic develop­
ment have not, under the protective conditions of civilisation, exerted 
pressures of this order. An exception to this statement has been the 
introduction of powerful new selection pressures resulting from the 
greatly increased incidence of infectious disease associated with the 
conditions of civilisation, and there is good evidence that certain 
microbial agents have influenced the genetic constitution of hum an 
populations with respect to genes associated with resistance or sus­
ceptibility to the diseases in question .5

On the whole, however, too few generations have passed since the 
first beginnings of civilisation for appreciable genetic change to have 
occurred in the hum an species in response to the new conditions. 
Recently, of course, spectacular environmental changes have occurred 
within the living memory of many people, and any possibility of 
genetic adaptation to such recent events is out of the question. 
Another point of relevance is that, although cities have been in exist­
ence for some two hundred generations, until recently only a small 
proportion of the world’s population has lived in them. Most of the 
genes of modern urban populations have taken the rural route to the 
city.

It would be unreasonable, of course, to m aintain that the frequen­
cies of different genes in the hum an population as a whole are exactly 
the same today as they were during the late palaeolithic period. But 
the changes that have occurred have been due mainly to historical 
events acting, for example, through migration, genetic drift, and 
sexual selection. They have not, by and large, been the result of 
natural selection operating in response to new environmental pres­
sures associated with civilised living.

T he pace of cultural change has thus outstripped by far the rate of 
possible evolutionary adaptation. There has been no time for natural 
selection to produce a genetically new breed of men better adapted 
physiologically and mentally to the conditions of life which now pre­
vail in modern Western cities. We must look, therefore, to the other 
twTo categories of biological adaptation for the responses which have 
enabled the species to survive the rapidly changing conditions.

T he genetically-coded adaptive mechanisms have obviously been 
brought into play continuously since the neolithic development, as 
indeed they had been during the palaeolithic period. On the other 
hand, these mechanisms can hardly be credited with m an’s relatively 
successful adaptation to the new and special conditions associated with 
civilisation, since many of the changes have been of a kind, or of a 
degree, that could not have come within the normal range of experi­
ence of his evolutionary ancestors.

T he fact that neither evolutionary adaptation nor adaptation 
through genetically-coded responses can possibly explain the survival 
and multiplication of the hum an species in the new conditions helps 
us to appreciate the supreme importance for civilised man of the third 
category of adaptive mechanisms—those which depend on learning 
and in particular on cultural processes.6

T he recognition by society of the existence of a disorder which is
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considered undesirable because it is painful, because it causes death 
or for some other reason, is usually followed by remedial counter­
measures. It is this process that concerns us in this paper; it can be 
represented diagrammatically in its simplest form, as follows:

new conditions
resulting from cultural
processes of remedial
civilisation activities

T his general pattern can be illustrated by two straightforward 
examples. Firstly, economic factors and technological advances have 
resulted in the introduction of substantial amounts of refined carbo­
hydrates into the diet of modern man. T his change in the conditions 
of life, imposed on the hum an organism by cultural developments, 
gives rise to various signs of biological m aladjustm ent of which one 
of the most clear-cut is the development of cavities in the teeth,7 a 
disorder which for several reasons society recognises as undesirable. 
Economically, the most im portant cultural response to this particular 
form of maladjustment is the establishment of a professional body of 
men and women who are highly skilled in  the art of filling the cavities. 
T he Australian economy supports over 3,000 of these persons, as well 
as their technical assistants, secretaries, and the manufacturers of the 
various tools of their trade.8

T he second model concerns the population situation. D uring the 
late palaeolithic era, the total population of Homo sapiens in the 
world is thought not to have exceeded ten million,9 and it is reason­
able on biological grounds to assume that most of the population 
was, for most of the time, well nourished. We do not know in the case 
of man, as we do of some other species, what were the innate physio­
logical or behavioural mechanisms that controlled population growth 
under the conditions of nature, but there are sound reasons for 
suspecting that, as in other mammalian species, inherited (non-cul- 
tural) mechanisms existed that tended to regulate the reproductive 
rate in relation to the availability of food supplies. Clearly the arti­
ficial conditions of civilisation have interfered with the operation of 
these regulatory mechanisms and, as we know only too well, popula­
tion growth can now continue in spite of inadequate nutrition. T he 
over-crowding, continued m alnutrition, and hum an misery that result 
can reasonably be regarded as manifestations of a state of biological 
maladjustm ent on the community level. T he deliberate cultural adap­
tive responses to this form of maladjustm ent include all m anner of 
procedures ranging from infanticide to various methods of contra­
ception. Incidentally, authorities who speak against the use of contra-

state of biolo­
gical maladjust­
ment with un­
desirable symptoms

elim ination 
of undesirable 
symptoms
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ceptive procedures on the grounds th a t they are u n n a tu ra l show a 
strik ing inconsistency of argum ent in  tha t they express no similar 
objection to the u n n a tu ra l conditions tha t perm itted  the popu lation  
crisis to develop in  the first place.

In  passing, it should be noted  tha t biological m alad justm ent in 
hum an  society frequently  has im portan t social and economic reper­
cussions o ther than  those which are adaptive or in tended  to be 
adaptive. For exam ple, it has been suggested by some historians tha t 
the Black D eath, which was due to the p articu la r biological condi­
tions prevailing  in  E urope du ring  the fifteenth century, played an 
essential role in  prec ip ita ting  the end of the feudal system in  Eng­
la n d . 10 T h ere  are countless exam ples of im portan t social, political, 
and  economic consequences of biologically-induced disorders . 11

T W O  TYPES O F C U L T U R A L  A D A P T A T IO N
It is im po rtan t at the outset to recognise tha t there are two distinct 
kinds of cu ltu ra l ad ap ta tio n  to biological m alad justm ent, differing in 
princip le  w ith regard both to the ir modes of action  and ,to their 
long-term  effectiveness. T h e  first of these we call ‘corrective’ and  the 
o ther ‘an tid o ta l’ cu ltu ral adaptation .*

Corrective adaptive processes are those which aim  to reverse the 
underly ing change which is ultim ately  responsible for the state of 
biological m aladjustm ent. A n tido ta l ad ap ta tion  occurs when an 
a ttem p t to overcome a d isorder is directed at a sym ptom  of the dis­
o rder or at an  in term ediate  and subsidiary cause bu t not at the u n ­
satisfactory biological conditions which gave rise to the state of 
m alad justm en t in  the first place.

Corrective cu ltu ra l ad ap ta tio n  is seen, for instance, in  moves to 
restore essential nu trien ts  to the d iet w hen symptoms of m alnu­
tritio n  occur, in the in troduc tion  of q u aran tin e  procedures to combat 
certain  contagious diseases, and  in  the ritu a l of perform ing physical 
exercises before breakfast to ‘keep fit’. In  the case of dental caries m en­
tioned above, corrective cu ltu ra l adap ta tion  would consist of replace­
m ent of refined carbohydrates in  the diet w ith ‘n a tu ra l’ unrefined 
foodstuffs. T h e  profession of dentistry  and  the add ition  of fluoride to 
the w ater siqrply are both  an tido ta l adaptive processes.f

A ntido tal cu ltu ra l responses include the adm in istra tion  of an ti­
biotics to overcome infectious disease, and the extensive use of tran ­
quillisers, sleeping pills, and  the o ther psychotropic drugs. Indeed the 
pharm aceutical industry, which represents one of the most impressive 
exam ples of cu ltu ral ad ap ta tion  to biological m alad justm ent in m od­
ern  society, depends for its existence alm ost entirely  on the an tido tal

* ‘C orrect’ =  ‘to make or set r ig h t’; ‘an tido te’ r r  ‘whatever tends to counteract 
evil th a t som ething else m ight produce’, W ebster’s Collegiate Dictionary, 5th ed., 
Springfield, 1943, Merriam.

f  T h e  d istinction between ‘corrective’ and ‘an tid o ta l’ is not the same as the 
d istinction between prophylactic and therapeutic. Corrective adap tation  may, as in 
th e  case of treatm ent of scurvy w ith ascorbic acid, be therapeutic, and antidotal 
adap tation  may be prophylactic as in the case of vaccination against infectious 
disease. In  general, however, corrective adaptive processes tend to be prophylactic 
and antidotal to be therapeutic.



196 THE IMPACT OF CIVILISATION ON THE BIOLOGY OF MAN

approach to biological maladjustment. In  economic terms, the cost of 
this cultural adaptive response to biological m aladjustment amounts 
to over $A200 million per year in Australia* and more than $US6,000 
million in the United States of America.12

Corrective adaptation is more likely to be successful than antidotal 
adaptation in the long run, although it is not in all cases a feasible 
proposition—either because social or economic factors prohibit it or 
because the underlying biological cause of the disorder is unknown. 
Antidotal cultural responses tend to be tail-chasing in character in that 
they very often create as many new difficulties as they solve. T he com­
plications which have followed the widespread use of antibiotics are 
well known. While these substances have undoubtedly been very 
effective in reducing the mortality due to various bacterial diseases 
in some areas of the world, it is well to recall that public health 
measures, such as the improvement of housing, sanitation, and nutri­
tion, and the introduction of quarantine procedures—all good ex­
amples of corrective adaptation—have played a vastly greater role in 
reducing the incidence of infectious disease in Western society than 
have the antibiotics, and they have not given rise to undesirable 
repercussions.

There are other serious disadvantages to the antidotal approach. 
Consider, for example, the situation with regard to the psychotropic 
drugs, notably the tranquillisers and anti-depressants, which today 
form the basis of a $US300 million industry in the USA.13 If prevail­
ing environmental conditions induce a high frequency of behavioural 
disorders that can be easily alleviated by these drugs, the disagree­
able likelihood exists that their widespread use will permit the con­
tinued progressive deterioration of the environm ent until eventually 
the dose of the drugs has to be doubled, and later trebled and so on.

The activities of the medical profession represent another im portant 
aspect of cultural adaptation to biological maladjustment. A number 
of surveys have been carried out in recent years on the nature of the 
illnesses which cause people to visit their doctors14 and an examina­
tion of the findings shows clearly that the majority of patients are 
suffering from ‘diseases of civilisation’, in the sense that they are com­
plaining of disorders which would have been exceedingly rare or non­
existent in palaeolithic society. T he work of medical practitioners in 
Western countries thus consists mainly of countering signs of malad­
justment which residt from the prevailing biological conditions. Most 
of the advice they give amounts essentially to advocation of various 
forms of antidotal adaptation, and it is not surprising therefore to 
find that a further substantial part of the effort of the medical profes­
sion is spent in countering the undesirable biological consequences of 
procedures used in the treatment of disease.15

* During the year 1965/6 the cost of ‘benefit’ prescriptions was $A94,630,000 and 
of prescriptions to hospitals and miscellaneous authorities was $A14,634,000 (infor­
mation from / .  Commonwealth Dept Health, 16, No. 3, Sept. 1966). The cost of 
‘non-benefit’ prescriptions was $A24,000,000 (information from Pharmaceutical 
Manufacturers Information Bureau). The total is $A133,264,000. This figure does 
not include medicines sold ‘over the counter’ and without prescriptions.
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T H E  IM PORTANCE OF KNOWLEDGE OF T H E  BIOLOGICAL 
PROCESSES UNDERLYING DISEASE

Needless to say, society is in a much better position to develop rational 
means of dealing with manifestations of biological maladjustment if 
it possesses knowledge of the true nature of the disorder in question, 
in terms of all the contributing factors. Nevertheless, lack of such in­
formation does not exclude the possibility of successful adaptation.

In  the complete absence of all knowledge concerning the causation 
of a sign of m aladjustment, a period of fumbling counteractivity 
ensues, based partly on incorrect interpretations of the situation and 
partly on trial-and-error tactics. Man is usually convinced that there 
does indeed exist a cause behind his unwanted afflictions, and when 
in the past his knowledge of the material world has not provided him 
with a ready explanation, he has, not unnaturally, tended to invoke 
divine or spiritual intervention.16 Thus, cultural attempts at adapta­
tion to maladjustments resulting from conditions imposed on man by 
civilisation have not infrequently involved intensified religious activi­
ties of one sort or another. In England in 1666, after the Great Plague 
and the Fire of London, there was a widespread feeling that these 
calamities were divine punishm ent for neglect of religious matters 
by the community, and a Bill was introduced in Parliament designed 
to curb atheism in the country. Although the Bill was eventually drop­
ped, Parliam ent continued to be influenced in its actions by this 
general attitude. Thus, among the somewhat bizarre cultural responses 
aimed at preventing a recurrence of the state of biological maladjust­
ment manifest in the plague, we can list the refusal of the authorities 
to allow the English philosopher, Hobbes, whose views were fre­
quently at variance with those of the Church, to publish any of his 
writings on religion or morality.17

T he trial-and-error approach has often been successful in the dis­
covery of effective procedures for dealing with forms of biological 
m aladjustment in the absence of knowledge concerning their true 
nature. T here are many stories of the efficacy of various concoctions 
prepared from herbs by primitive peoples for the treatment of divers 
ailments. One of the most successful of these was cinchona bark, which 
was discovered by the indigenous inhabitants of Peru to be very effec­
tive in the treatment of malaria. It was brought to Europe by the 
Jesuits in 1632 and the revolution it brought about in the history of 
European medicine was described by Ramazzini as comparable only to 
the introduction of gun powder in the art of war.18 T he active prin­
ciple of cinchona bark is quinine, which persisted as the specific treat­
ment for malaria until very recently.

It was partly the effectiveness of cinchona in the treatment of 
malaria that led Edward Stone in the mid-eighteenth century to inves­
tigate the medicinal properties of extract of willow (Salix) bark, which 
has a bitter taste similar to that of cinchona bark. He was also moti­
vated by the ancient doctrine that the cures of maladies often occurred 
naturally in the same regions as their causes. In  1763 Stone presented 
to the Royal Society his paper entitled ‘An Account of the Success
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of the Bark of the Willow in the Cure of Agues’.19 T he H ottentots in 
southern Africa had independently discovered, presumably through 
trial-and-error, the therapeutic value of ‘willow tea’.20 One of the con­
stituents of extract of willow bark is salicin, which was later found to 
be very effective in pure form in the treatm ent of certain febrile and 
rheumatic conditions and also as a mild analgesic.21 Today the famous 
derivative of salicin, acetyl-salicylic acid or aspirin, is probably the 
most widely used single chemical compound in m an’s efforts to over­
come biological maladjustment; in the USA alone some thirty million 
pounds of this substance are consumed annually.22

T he undoubted effectiveness of aspirin satisfactorily explains its 
widespread and continued use as an antidotal remedy. It is more diffi­
cult to understand the long lasting popularity of that greatly prized 
therapeutic and prophylactic agent of the Middle Ages, known as 
Venice treacle, which contained the flesh of vipers as one of the most 
im portant of its fifty or more various ingredients. It originated in the 
second century B.C. and was still in use in India in 18 3 5.23 Indeed it 
is said to be sold by at least one pharmacist in Venice at the present 
day. The mixture was used not only for the therapy of all kinds of 
sickness, but also for preventive purposes, and was highly recom­
mended for protection against plague in the seventeenth century.24 
Horn of unicorn was another ancient medicament which retained its 
popularity for many hundreds of years; it was still recommended in the 
1677 edition of the London Pharmacopoeia for such forms of biologi­
cal maladjustment as plague, measles, and smallpox.25

Successful adaptive procedures arising from the empirical approach 
are usually, although not always, of the antidotal variety. An example 
of the trial-and-error method leading to successful corrective adapta­
tion is seen in the discovery in the seventeenth and eighteenth centuries 
that scurvy coidd be successfully treated with, and also prevented by, 
the consumption of fresh fruit and vegetables. T he scurvy story illus­
trates another variable which influences cultural adaptation—the lag 
period between the discovery of an effective means of preventing a 
certain m aladjustment and its im plementation. It was in 1753 that 
James Lind published his famous Treatise on Scurvy26 in which he 
set out the convincing evidence that scurvy could be prevented by 
‘greens or fresh vegetables, with ripe fruits’, advocating their inclusion 
in the diet of seamen among whom scurvy was a perpetual problem; 
but it was not until over forty years later that the Lords of the Admir­
alty adopted L ind’s recommendations.27

In  general, however, attempts at cultural adaptation are unlikely 
to be successful when society remains in complete ignorance of the 
nature of the disorder that it is trying to overcome. But as time goes 
on and new facts come to light, a stage of partial understanding is 
achieved, and it has been on the basis of such partial understanding 
that most of the more effective cases of cultural adaptation have de­
veloped. One of the best examples is the public health movement of 
the last century in Britain. This was aimed primarily at endemic and 
epidemic diseases such as typhoid, dysentery, and cholera which were 
extremely prevalent in certain sections of the community at the time.



CULTURAL ADAPTATION TO BIOLOGICAL MALADJUSTMENT 199

We believe now that the high incidence of these diseases was due to 
the effects of the prevailing ecological conditions on the interplay be­
tween the hum an organism and certain microbes, perm itting the evolu­
tion, spread, and perpetuation in hum an populations of highly 
pathogenic strains of bacteria, viruses, and protozoa.

T he men responsible for the social reforms which led to the general 
cleansing of the cities and the improvement of community health 
rightly noted that the diseases in question appeared to be associated 
with certain kinds of living conditions which were described so vividly 
in Chadwick’s Report on the Sanitary Conditions of the Labouring 
Populations of Great Britain, published in 1842.28 However, they were 
wrong in their belief that the diseases were caused by ‘odours’ given 
off by decomposing organic matter.

John Snow, the great epidemiologist who so clearly linked the out­
break of cholera in London in 1854 with the contaminated water sup­
ply from the Broad Street pump, did in fact conclude that this disease 
was due to a self-multiplying living agent which lived in the human 
body and which was spread mainly by means of the excreta of infected 
persons.29 T he authorities did not accept this view and, although they 
enforced Snow’s recommendations for improved sanitation, stated 
that ‘under the specific influence which determines an epidemic 
period, fecalisecl drinking water and fecalised air may breed and con­
vey the poison’.39

Thus, while the public health measures of the latter half of the nine­
teenth century were successful in countering biological maladjustment 
to the extent that the incidence of typhus, cholera, and tuberculosis 
dropped spectacularly, this success was achieved, at least at the begin­
ning of the period, without knowledge of the role of micro-organisms 
in the disease processes.

At the present time there are in Western society a num ber of well 
recognised and serious manifestations of biological maladjustment, 
the nature of which is partially understood and which nevertheless 
show little or no signs of disappearing. An example is cardiovascular 
disease, which accounts for about one-third of the deaths in the adult 
male population in Australia, North America, and the United King­
dom today. T he evidence is convincing that this complex of disorders 
is in some way associated with the increased standard of living and 
the ‘Western way of life’,31 although the precise factors responsible for 
the maladjustment remain a m atter of uncertainty and controversy.

Another sign of maladjustm ent that is incompletely understood at 
the present time is criminal behaviour, including delinquency in the 
younger age groups. Some readers may question the reference to this 
topic in a paper on biological maladjustment, assuming that because 
it is a problem usually studied by social scientists and social psycholo­
gists it has nothing to do with biology. It is true that in the literature 
on the subject, antisocial activity is seldom discussed in terms of bio­
logical maladjustment. For example, in 1955 and in 1960 international 
congresses were held under the auspices of UNESCO on the subject of 
‘T he  Prevention of Crime and the Treatm ent of Offenders’ and a 
large number of experts discussed the possible causes and prevention
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of juvenile delinquency; not one of them raised the possibility that 
biological factors might be playing a role in the aetiology of this kind 
of behaviour.32 Meanwhile it is certain that the rate of crime of almost 
all kinds is increasing, that the cause of the increase has not been 
established and that the methods used for dealing with the situation 
have so far failed to be effective.33 In these circumstances there seems 
some justification for the view that biologically-determined malad­
justment may contribute to the increase in criminal behaviour, and 
that neglect of the biological approach to the problem may be con­
tributing to the lack of progress towards its understanding and solu­
tion.

Obviously, the more complete our understanding of the nature and 
causes of a physiological or behavioural disorder, the better are the 
chances of successful cultural adaptation; but even complete under­
standing is not alone sufficient to guarantee that appropriate counter­
action will be taken. Tuberculosis is a form of m aladjustment which 
is now well understood. Certain kinds of living conditions are known 
to favour the spread and development of the disease, and the proper­
ties of the specific microbial agent that multiplies in the tissues have 
been studied in much detail. W hile the prevalence of tuberculosis in 
European cities is at present very low, in certain other areas of the 
world the disease continues to be a major cause for concern. Thus, in 
the African quarter of Johannesburg, the incidence of pulmonary 
tuberculosis is eighteen times higher than it is among the European 
population .34 Such facts as these serve to emphasise that, while the 
understanding of the true nature of forms of biological maladjustment 
is of param ount importance in cultural adaptation, it is nevertheless 
only part of the story. Economic, social, and political factors determine 
on what scale the social reforms or medical treatm ent that are indi­
cated are carried out, and at what rate .3'5

Perhaps one of the most spectacidar examples of cultural adaptation 
in recent years has been the virtual elim ination of malaria from many 
areas of the world where it was extremely prevalent only ten or twenty 
years ago. T he economic and social consequences of this adaptive pro­
cess have been far-reaching . 36 T he anti-malaria campaign has been 
based on a fairly complete understanding of the nature of this par- 
ticular form of maladjustment, and it has consisted primarily of an 
attack with the new insecticides on the mosquito vector of the disease. 
This approach, let it be noted, is not a corrective one, and it is thus 
not without undesirable side-effects, such as the development of 
insecticide-resistant strains of mosquitoes, ecological disturbances due 
to effects on other insect species, and the possibility of direct toxicity 
of increasing concentrations of insecticide in the environment on other 
forms of life, including man. Corrective adaptation in the case of 
malaria would consist of draining the man-made marshes in which the 
mosquitoes breed or simply the avoidance by hum an beings of the 
swampy areas.
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T H E  COM M UNITY, T H E  INDIVIDUAL AND T H E  ROLE OF
EDUCATION

Most of the adaptive responses mentioned above involve steps taken 
by the community, or by sections of the community, to counteract 
various manifestations of biological maladjustment. T he state has 
played an extremely im portant role in the process, by introducing 
laws, for example, designed to ensure that certain standards of hous­
ing and sanitation are met, or by distributing funds to encourage 
scientific research on socially im portant problems.

T he counter measures introduced by state authorities are often, but 
not always, examples of corrective adaptation, as in the case of most 
of the public health measures instituted by governments. It is also seen 
in their approach to the problems arising out of abuse of the habit­
forming drugs. T he ready accessibility of this group of pleasure- 
promoting and biologically very potent substances is a relatively new 
consequence of the processes of civilisation, and it is one that cer­
tainly gives rise to states of biological maladjustment. T he actions of 
the state in bringing in legislation to restrict the sale and distribution 
of habit-forming drugs can thus be regarded as efforts to restore a situa­
tion that prevailed prior to the advent of civilisation. T h at it is the 
availability of these drugs, rather than lack of knowledge of their 
dangers, that is the more im portant factor in the aetiology of this form 
of biological maladjustment, is indicated by the fact that the incidence 
of drug dependence is higher among doctors and nurses than among 
the rest of the population, despite the fact that the members of these 
professions must surely, because of their educational background, be 
more aware of the undesirable effects of these agents than the rest of 
the community .37

Nevertheless, education is in general an extremely im portant aspect 
of successful cultural adaptation. W hen new knowledge is acquired 
which throws light on the causation of a disorder and indicates suit­
able curative or preventive measures, the relevant inform ation must be 
transmitted from specialist scientific circles to other interested parties, 
be they doctors, administrators, or plain citizens. Very often cultural 
adaptation must involve positive action on the part of the individual 
himself. T he state cannot take responsibility for seeing that every per­
son consumes his necessary supply of vitamins every day; its role in 
such instances is to make sure that everyone in the community is 
properly informed, through education, of his nutritional needs and of 
the ways by which they may be met. One of the features of the present 
century has been the acceptance by governments of their responsibility 
in disseminating knowledge about nu trition .38 O ther sections of the 
community may also take on an educational role of their own accord 
as in the case of many societies and citizen groups formed to combat 
various forms of ill-health.

In some countries governments have recognised an educational re­
sponsibility in relation to the habit of smoking; they have not only 
instituted educational programs in schools and arranged for the pro­
duction of films presenting inform ation on the undesirable effects of



202 THE IMPACT OF CIVILISATION ON THE BIOLOGY OF MAN

smoking, but have also taken steps to curb the propaganda of the 
cigarette companies, which are seeking by all the subtle psychological 
means at their disposal to increase the num ber of cigarettes smoked in 
the community.39 O ther governments do not accept this responsibility 
and openly encourage the development of the industry in question. 
Once again we see that an understanding of the underlying causes of 
a form of biological m aladjustment is by no means the only require­
ment which must be satisfied before society takes suitable steps to 
overcome it.

Thus, in considering the role of education in relation to cultural 
adaptation, it is im portant to appreciate that the education of the 
average individual in modern Western countries consists, as far as his 
biological needs are concerned, of two quite distinct facets. O n the one 
hand, he receives a certain am ount of relevant inform ation and wise 
counselling at school, or through the family doctor, an occasional sen­
sible magazine article or radio program; on the other hand he is 
exposed to a vast bombardment of extremely persuasive propaganda 
generated by commercial interests which are not always particularly 
concerned about his health and well-being.

As already mentioned, commercial forces are also very im portant 
in relation to the processes by which modern man adapts to the various 
kinds of maladjustment. Indeed the pharmaceutical industry depends 
for its existence on biological m aladjustment and its cost to the com­
munity is a fair measure in economic terms of the level of biological 
maladjustment in the population, although we should add to this, of 
course, the cost of.the medical and dental services. T his total amounts 
to about SUS30,000 million in the USA and $A 1,000 million in Aus­
tralia annually.40 These figures do not include, of course, the economic 
loss due to absenteeism, and it could be argued that at least part of the 
cost of the police force, and perhaps even of the defence forces, should 
be added to the bill for biological maladjustment.

However, the role of commerce, in establishing biological maladjust­
ment and in providing antidotal and often tail-chasing adaptive meas­
ures to overcome it, is too large a subject to attem pt to tackle here. 
Let it be stated, however, that on occasion industry can be persuaded 
to spend money on the development of corrective methods of adapta­
tion, as in the case of the relatively successful efforts to control certain 
forms of air pollution in many cities in Europe and the USA and in 
the efforts now being made by car manufacturers in America to de­
velop a vehicle that gives off far smaller quantities of undesirable 
fumes than do existing models.

Returning to the question of cultural adaptation on the level of the 
individual, it is worth drawing attention to what is one of the most 
significant of the biological consequences of civilisation—the fact that 
‘doing what comes naturally’ is no longer equivalent to ‘healthy liv­
ing’. Under the new conditions the individual must exercise a consid­
erable degree of self-discipline in order to avoid ill-health. This is well 
illustrated by the situation which has developed with regard to physi­
cal work. Cultural developments over the centuries, and especially in 
the last few years, have tended steadily to decrease the amount of
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physical work performed each day by the average city dweller. While 
the evidence that this change gives rise to biological maladjustment is 
not absolutely conclusive, it is nevertheless very suggestive, and anec­
dotal evidence strongly supports the view that some regular physical 
exercise is necessary for optimal health in most people. T hus the city 
dweller may, for the sake of his health, discipline himself to run 
around the block every morning before breakfast, although his 
natural inclination may be to stay in bed as long as possible. Palaeo­
lithic m an did not have this problem, for he got his physical exercise 
without any act of self-discipline when his hunger drive finally over­
came his natural lethargy.

T H E  INCREASING IM PORTANCE OF MILD FORMS OF 
BIOLOGICAL M ALADJUSTM ENT

We have seen that, as civilisation proceeds, it is bound to introduce 
changes in the biological conditions of the human organism, and that 
consequently various forms of biological maladjustment can be ex­
pected to become manifest in the population. T he disorders which 
residt often become the targets of adaptive processes set in motion by 
the community.

It is immediately apparent, however, that some forms of maladjust­
ment tend to persist in society for much longer periods than others. 
Those most likely to persist are mainly of two kinds: mild forms which, 
although recognised as undesirable, are not sufficiently disagreeable, or 
are not of sufficient economic significance to warrant the marshalling of 
social forces to counter them. Among virus infections, for example, 
mumps, influenza, and numerous m inor diseases of the upper respira­
tory and the alimentary tracts persist in Western society while the 
much more dangerous smallpox does not; and insidious and chronic 
forms of m aladjustment which develop so slowly in an individual as 
he gets older, or in the population, generation by generation, that they 
are not even recognised as abnormal (which indeed they are not, under 
the new conditions).

Thus, modern urban man does not seem to regard fairly frequent 
headaches, a certain degree of malaise, mild disturbances of the diges­
tive tract, frequent colds and other virus infections, and a considerable 
degree of irritability and aggressiveness in the home as out of the 
ordinary; and yet the evidence that a high prevalence of these states 
has always been the lot of man is completely lacking, and indeed there 
are good biological reasons for doubting such an assumption. T hat 
forms of m aladjustment can pervade hum an society unrecognised is 
illustrated by the fact that many medical textbooks describe an in­
crease in blood pressure with increasing age as a normal occurrence— 
a natural and inevitable feature of growing old. And yet it has been 
discovered in recent years that in some primitive societies the blood 
pressures of old and young men are similar, and there is now a strong 
argument for the view that increase in blood pressure with increasing 
age should be listed among the consequences of environmental influ­
ences associated with the civilised way of life .41
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We can postulate, therefore, a sort of ‘natural selection’ taking 
place among the different kinds of biological disorders that arise in 
society as a consequence of the changing conditions of life. Forms of 
maladjustment which interfere drastically with the business of living 
or which threaten early death to a fairly high proportion of the com­
munity will be the most likely to engender an effective cultural adap­
tive response, and these will tend to be eliminated early. Milder 
kinds of maladjustment which are not recognised as disorders because 
of their gradual onset are likely to persist in society for much longer 
periods, and we can therefore anticipate that, as civilisation proceeds, 
there will occur a steady accurmdation of different varieties of mild, 
insidious, and chronic forms of physiological or behavioural disturb­
ances.

Unfortunately, the hypothesis that there is a progressive increase in 
the num ber of mild afflictions due to different causes associated with 
the progress of civilisation is a difficult one to prove; the data that 
would be necessary to do so are of a kind that are very hard to collect 
in a satisfactory way. Linked to this is the added difficulty that criteria 
for assessing quantitatively and objectively many of the milder mani­
festations of biological maladjustm ent do not exist. T he best we can 
say at present is that the data that are available are at least compatible 
with the hypothesis and there are a num ber of arguments in its 
favour. 42

It is possible for modern society to carry a substantial load of bio­
logical maladjustment because of the protection and support civilisa­
tion affords the individual who is physically or mentally unwell. A 
degree of ill-health that woidd have interfered severely with an indi­
vidual’s chances of survival and of successfully rearing healthy children 
in the Old Stone Age may have no such effect on Darwinian fitness 
under the new conditions of civilisation. In  other words, it is now 
quite possible for the hum an species to multiply at an unprecedented 
rate, while at the same time experiencing a general state of ill-health 
that woidd never have permitted reproductive success under palaeo­
lithic conditions. Thus, while it is reasonable to state that one of the 
effects of civilisation on the biology of man has been to increase his 
numbers some three hundredfold, it is unscientific to conclude that the 
species is therefore well adapted, physiologically and psychologically, 
to the new circumstances. T he current population increase tells us 
little of m an’s general state of health and well-being in the modern 
world, as compared with palaeolithic times when his fertility was of a 
much lower order.

T he possibility that the advance of civilisation is associated with the 
progressive accumidation in the population of different forms of mild 
and chronic biological m aladjustment has social implications which 
deserve serious attention. Although the disorders themselves may be 
mild, their very ubiquity may wrell give rise to social repercussions far 
beyond the direct effect they have on the affected individual himself. 
Perhaps the least im portant of these, in terms of hum an well-being, is 
the economic cost to the community of widespread absenteeism and 
lowered productivity. Of far greater significance are the possible con-
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sequences for society of the effects of almost universal malaise on men­
tal processes and personality factors; for there can be few, if any, 
periods in the history of civilised man when clarity of thought, high 
quality in decision-making, and mutual tolerance and understanding 
have been more im portant for the welfare of humanity than they are 
in the modern world. Although surprisingly little work has been re­
ported on the psychological effects of mild or chronic ill-health, there 
is nevertheless sufficient evidence for us to be able to state categori­
cally that physiological disturbances can have deleterious effects on 
intellectual performance and the quality of inter-personal relations.43

CULTU RA L ADA PTA TIO N  IN T H E  FU TU R E

Several factors point to the need for society to adopt new approaches 
to the problem of biological maladjustment. In the first place, the pro­
cesses of cultural adaptation that we have seen operating up to the 
present have been singularly unsuccessful in elim inating the causes of 
minor disorders, although as these accumulate they may collectively 
become at least as serious in their overall effect as the more spectacular 
afflictions of civilised man. Moreover, the cultural response to milder 
forms of ill-health at present consists mainly of the discovery and wide­
spread distribution of biologically potent chemicals effective in allevi­
ating symptoms or sometimes in curing the disease in question. These 
compounds themselves frequently give rise to further disturbances of 
one sort or another and it is clear that this kind of antidotal approach 
cannot go on indefinitely without some very unpleasant consequences.

Another factor calling for a new approach is the greatly accelerated 
rate at which m an’s environm ent and conditions of life are changing 
as a result of the current technological revolution. T he changes in 
hum an biology that have taken place since the neolithic revolution 
began three hundred generations ago are very numerous, and many 
of them have been introduced within the last few decades. They in­
clude such items as changes in the level of physical work; changes in 
the level of sexual stimulation; the wearing of clothes for purposes 
other than keeping warm; changes in eating and sleeping patterns; and 
changes in the number of contacts with infectious agents, with other 
animals, and with members of the same species. A particularly signifi­
cant set of changes has been collectively referred to as the increasing 
‘chemicalisation’ of the environm ent.44 More and more biologically 
strange chemical substances are gaining access to the tissues of the 
hum an body, mainly but not exclusively via the alimentary canal and 
the lungs. T he example of DD T is often quoted, and it has been esti­
mated that some twenty tons of this substance alone are distributed in 
the livers of the citizens of the USA.45 But there are many others 
and it has been said that, at a conservative estimate, 500 new chemical 
substances known to be toxic are added to our resources every year40 
and are liable to find their way in small quantities into our bodies. It 
has recently been pointed out that the intake by the hum an organism 
of metallic cations, such as chromium, aluminium, copper, and nickel,
p
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has increased enormously as a consequence of technological develop­
ments .47

T he present situation demands that, instead of waiting as in the 
past for signs of maladjustm ent to reach such a pitch that the com­
munity demands some remedial action, we should in the future 
attem pt firstly, to identify as many as possible of the changes that 
have taken place and are taking place in the biological conditions 
of life of the hum an organism; secondly, we must try to determine 
what, if any, are the signs of maladjustm ent resulting from each of the 
changes and what are their social implications; thirdly, we must ask 
what are the best means, in view of all the knowledge available to us 
and in terms of the well-being of mankind, of countering forms of bio­
logical m aladjustment considered to be undesirable, so that in the long 
run the cultural advantages of civilisation are not heavily outweighed 
by its biological disadvantages.

T he precise form which investigations on these problems should 
take is too large an isstie to attem pt to tackle in this paper. Laboratory 
experiments on animals will no doubt continue to provide illum inat­
ing and pertinent information. In addition, multidisciplinary, m ulti­
factorial studies of hum an populations are likely to play an increas­
ingly im portant role, especially cross-cultural surveys involving com­
parisons between modern Western societies and other hum an groups 
following simpler patterns of life. A num ber of very interesting cross- 
cultural investigations of this kind are now under way, and we hope 
that the parameters selected for measurement include those which 
will prove most crucial to our understanding of the biological re­
sponses of the hum an organism to the conditions of modern civilisa­
tion; for time is running out, and insecticides, automobiles, and 
aspirins are spreading at a spectacular rate into even the most remote 
parts of the world.

Perhaps the most urgent need of all, however, is not for new infor­
mation, whether it emanates from the laboratories or mass surveys, but 
rather for a great deal more intellectual effort aimed at ensuring that 
the wisest possible use is made of knowledge that has already been 
acquired for the benefit of mankind.

Summary
The development of civilisation has brought about drastic changes in 
the conditions of life of the hum an organism. As would be anticipated 
these changes have given rise to a whole range of signs of biological 
maladjustment. T he survival of the species, and its success in over­
coming the effects of such maladjustm ent under these new conditions, 
cannot be explained in terms of natural mechanisms of adaptation; it 
depends on m an’s capacity to adapt through cultural processes. Basi­
cally, there are two distinct kinds of crdtural adaptation: corrective 
adaptation, which aims to reverse the underlying changes in conditions
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that are ultimately responsible for the state of biological maladjust­
ment (e.g. the reintroduction of fresh fruit and vegetables to prevent 
scurvy and most public health measures against bacterial infection); 
and antidotal adaptation, which occurs when an attempt to overcome 
a disorder is directed at a symptom of the disorder or at an intermedi­
ate or subsidiary cause, but not at the unsatisfactory biological condi­
tions which gave rise to the state of maladjustment in the first place 
(e.g. aspirins, antibiotics, tranquillisers, vaccination, etc.).

It is postulated that since cultural adaptive processes are usually 
directed against only the more alarming disorders, there has been 
occurring with the advance of civilisation a steady accumulation of 
different mild and chronic forms of biological maladjustment. While 
singly such relatively mild disorders may not appear particularly seri­
ous, collectively their effects on society may be quite far-reaching.

The greatly accelerated rate of environmental change associated 
with recent technological achievements calls for a new approach to 
the problem of the biological needs of the human organism in modern 
society.
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Comments
Earle h ackett  1 have no fault to find with Dr Boyden’s classification 
of our cultural adaptations—‘antidotal’ and ‘corrective’. Dichotomies 
can mislead, but he allows grey areas in between. And I agree that cor­
rective adaptations are likely to be biologically suitable because they 
adjust our environment to the status quo ante, to which we are pre­
sumably genetically adapted already. This is a modern scientific 
rational justification of Rousseau’s irrational doctrine of the Noble 
Savage.

But antidotal adaptations should not be discounted just because 
they are so. Several speakers yesterday, notably Dr Wells, pointed out 
that the non-communicable diseases of civilisation are still fairly rare. 
Only small minorities, in a biological view, get serious cardiovascular 
disease, or lung cancer, or diabetes, or depression or neurosis, or go in 
for juvenile crime. We must not confuse the clinical or medical con­
cern for the individual with the broader and much less personal view 
of the biologist, which is the view set down for this symposium. Now, 
susceptibility to the non-communicable diseases seems to have an 
inherited basis of some kind. I think this is just another indication of 
the large am ount of genetic de-specialisation or polymorphism in our 
species. Polymorphism is apparent in all studies of hum an blood 
groups, plasma proteins and histocompatability genes, and seems likely 
to be present at many of our gene loci. T he reason, I think, is obvious 
enough. Look at what has happened to us humans since we left those 
pleistocene lake shores in Africa. We have moved in social groups of 
fifty or more through so many environments in only a thousand gener­
ations (the num ber a sub-cultured bacterium can go through in a fort­
n igh t)—from cool to warm to hot, from dry to wet, from desert to 
forest, from seaboard to m ountain top, from eating flesh to bread to
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blubber to sugar, and so on. And only those hum an communities that 
had a wide reserve of gene patterns could survive such changes and 
that meant the widely polymorphic communities, and this is our main 
biological adaptation to the process of getting  civilised. And today our 
stock, exploding almost unchecked, is packed with genetic reserves of 
polymorphisms which can quite rapidly rearrange in heterozygous 
balances to suit changing conditions. Now it also follows that a 
minority of homozygous (or less frequently heterozygous) patterns in 
individuals are ill-preadapted (if I may use that phrase) to a particu­
lar civilised environment and are therefore showing, in medical terms, 
‘disease’. The very same people may well be beautifully preadapted to 
some other civilised environment yet to come. T his is the biological 
argument in favour of what Dr Boyden calls the antidotal approach. 
But it is a form of hum an conservation and, as he says, it is called 
medicine.

A corollary to this is that not only should we study diseased people 
but we should also study those who are exceptionally non-diseased. 
W hen a pathologist does a necropsy on someone civilised who is found 
to have no atherosclerosis at all, he should blood group him exten­
sively, freeze some of his still living cells in liquid nitrogen, try to 
arrange a full clinical examination of the blood relatives, and so on, 
and record the findings. A dentist who finds a city dweller with no 
caries at all in his teeth should do the same. Elderly people who re­
tain exceptional athletic or intellectual ability should also be care­
fully examined. We need biological, chemical, and physical specifica­
tions of these abnormal people.

A related point is that not only are there, as Dr Boyden says, isolated 
primitive peoples, dwindling in numbers, who should be studied by 
the methods of comparative pathology, but there are dissident exclu­
sive groups within our civilised community who adopt special biologi­
cal policies. There are complete vegetarians. T here are the Jehovah’s 
Witnesses who forbid blood transfusion. As a doctor, the latter exas­
perate me, but as a biologist I can see that for virological or possibly 
eco’ogical reasons it is just possible that we may need some hum an 
stock one day which has kept itself utterly free of blood injections for 
many generations. Social freedoms and biological dissent can be im­
portant for m aintaining biological diversity.

Now if I may turn to the propagandist element that Dr Boyden 
touches on. lie  is prepared—wrongly I think—to give credit for the 
nineteenth century sanitary revolution to a ‘partial understanding’ 
(his phrase) of biological principles. I think this is wrong. He should 

give the credit to his irrational predecessor, Jean Jacques Rousseau— 
already mentioned this morning by Dr Freeman—who wrote of the 
superiority of the Noble Savage in his two Discourses to the Academy 
of Dijon in the mid-eighteenth century. T he idea spread rapidly 
among top people in Western Europe. In England ‘Capability’ Brown 
laid out idyllic ‘wild’ country estates, and within fifty years the Lake 
poets had appeared and a movement had begun which aimed to let 
sweet smelling country air and sunshine into the slums and stews of the 
industrial cities. Smells, which meant faeces, were disposed of down
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drains. T he sanitary revolution was under way, before Chadwick, long 
before Pasteur. Dr Boyden says that ‘these im portant and effective 
measures were instituted when the understanding of the true nature 
of the diseases was still very incomplete’. He is wrong. They were 
instituted when there was no understanding, in our biological scientific 
sense. Rousseau’s doctrine, reinforced in England by a puritanical 
belief that cleanliness is next to godliness, was surely just a random 
and quixotic turn  taken by Western European culture. W hen the germ 
theory of communicable disease came along fifty years later the popu­
lar m ind grasped it fairly quickly, but again, let me suggest, only be­
cause the popular mind was culturally preconditioned by a coiqile of 
thousand years of irrational thinking that disease was caused by evil 
spirits that got in from outside.

We must remember, as scientists considering health propaganda— 
and this is a m atter for pessimism—that it is the irrational colourful 
ideas that have always captured and inspired the total hum an imagina­
tion and led to action. T he Pope, whatever we think of his knowledge 
of sexual relationships, is backed in his authority by the utterly unre­
lated irrational image of an unm arried god crucified unfairly. T he re­
sult is that an authority like the Pope can promote im portant social 
biological policies, be they right or wrong, far more effectively than 
any one here or than any W orld Health Organization using rational 
argument.

T he trouble is that every single person in the community has his 
own ideas of hum an biology, and this hinders the general taking up 
of applied hum an biological science in the community. In  contrast, the 
physics of flight or television, or the chemistry of dyes or plastics has 
only to pass the checkpoint of a handful of scientists and technologists 
before being applied within a decade or so. But the whole dead weight 
of hum anity is made up of am ateur applied biologists directing the 
living organisms which are themselves. Consequently a far greater 
degree of proof and repetitive demonstration is required before any 
generalisation from scientific biology will be accepted and acted upon 
by all the people all the time. And so scientific knowledge generally 
applicable to hum an eating, learning, loving, mating, ailing, fighting, 
and so on, has to pass almost the total consensus of opinion in each 
community before it becomes generally operational. It is therefore 
unusually im portant in this field for us to publicise received know­
ledge in every way we can, particularly to the young. The usual, 
reticence of science and medicine is inappropriate here. I think Dr 
Boyden agrees with this.

N i g e l  O r a m  In his very stimulating paper, Dr Boyden has raised a 
num ber of problems which we face in the world today. I wonder 
whether we coidd discuss the part which we, as academics, should play 
in trying to find a solution of these problems, beyond the pursuit of 
our particular research interests.

Dr Boyden has mentioned the accelerated rate of change which is 
occurring in our world—my sense of urgency may be coloured by my 
long concern with developing countries, but the pace seems likely to
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quicken. W ho would dare to envisage the state even of our Western 
societies in, say, ten years’ time? Problems of which we are already 
aware, such as the rapid growth of population in developing countries, 
will have become more serious: new problems will have arisen. Even 
now, institutions which many have regarded as the foundation of our 
social structure—the churches, our form of democratic government, 
marriage as a legal institution—are under strong attack by students 
and others who feel that they no longer meet present day needs. W ith 
Dr Furnass, I feel that the students’ perception of our society, which 
may be fresher and more acute than my own, should be treated with 
respect, both because they are the products, and also the agents, of 
change. In  conditions of rapid change, there can be no safety in stand­
ing still, and intellectual boldness seems to be needed to confront the 
social and other problems which threaten us.

Before action, appreciation of the situation: how far are our present 
methods of research adequate to provide this? U ntil recently, it might 
reasonably be assumed that studies within a single discipline, for 
example sociology, would be sufficient to provide an understanding 
of the majority of social problems. T his is now clearly not so. As Dr 
Boyden has shown us, for example, biological factors are now seen to 
be involved in fields which until recently were considered to be exclu­
sively the fields of the social sciences. Ethology may have much to tell 
us about hum an behaviour: we have yet to achieve any real under­
standing of the problem of lawlessness and violence. If, as first sug­
gested to me by Dr Freeman and discussed during the meetings, there 
is a biological foundation for the persistence of kinship ties, this may 
provide a significant contribution to the debate on the future of the 
family.

Failure to study all aspects of a problem may have serious results. 
From my own experience, continuing deterioration in urban living 
conditions in developing countries seems to be largely due to conser­
vative attitudes and a failure to study the interrelationship between 
the major factors determ ining their growth. In particular, one of the 
greatest barriers to the improvement of housing conditions has been 
the insistence of medical authorities on the retention of building and 
sanitary regulations based on conditions in nineteenth-century Europe. 
As a result of a lack of financial and other resources, a few people 
enjoy high-standard living conditions while the remainder live in con­
ditions of chaos. T here has been much research into the part which 
urban environments play in the aetiology of different diseases. T here 
appears to have been little attem pt to apply the results of this research 
to the problem of improving living conditions in areas where resources 
of all kinds are limited.

W hat seems to be needed for the understanding of social problems 
is that:

(1) expertise provided by all relevant disciplines should be 
brought to bear; and

(2) a synthesis of the different findings should be attempted.
W hether this research should be carried out within universities, or
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whether mainly through new institutions designed to investigate a 
particular field, seems to demand serious discussion. No one could 
deny the need for specialised research in separate disciplines. There is 
often still, in universities, a desire to defend the territory of a particu­
lar discipline against intruders and an intellectual climate which is 
hostile to interdisciplinary research. While a number of specialist 
bodies are being established, it is not clear whether they themselves 
are sufficiently interdisciplinary in character.

Whether academic search for truth is jeopardised by political activity 
has long been the subject of debate. Many of the problems of the kind 
raised by Dr Boyden, such as the pollution of the atmosphere and the 
planning of towns, could almost certainly be solved or ameliorated if 
there was sufficient public pressure for action to be taken. But a forc­
ibly expressed public opinion on these issues is lacking. For the 
Greeks, the ‘good life’ could only be lived in the polis, the public 
realm. For perhaps a large majority of people living in Western coun­
tries, their only act as citizens is, unwillingly, to pay their taxes. There 
are many ways in which an individual can become involved, but all 
are likely to be concerned with ends and the making of moral judg­
ments. There does seem to be a need for scholars, however, who repre­
sent the best-informed sector of the population, to go down into the 
market place to debate the issues of which they have a particular 
understanding. Many people, including myself, have little knowledge 
of the problems which Dr Boyden has discussed and enlightenment 
can, surely, only be achieved through continuing debate. I am not, 
of course, suggesting that knowledge itself, as Sir MacFarlane has 
pointed out in connection with cigarette smoking, is sufficient to pro­
vide a solution.

I am therefore offering for discussion the propositions which arise 
from the very existence of this meeting:

(a) if the environment in which we live is to be improved and 
indeed if the major problems which we face are to be over­
come, there is a need for more problem-oriented and multi­
disciplinary research; and

(b) there is a need for greater participation by all, but especially 
by intellectual leaders, in public affairs.

Discussion
H i a t t  A subject that has not been discussed at this meeting is the 
role of women in industrial society. In hunter-gatherer communities 
and in many horticultural and agricultural communities, women not 
only bore and raised children but also played a vital economic role. 
Australian Aboriginal women, for instance, provided about two-thirds 
of the diet by gathering wild vegetables, shellfish and so on, and they 
continued to do this kind of work until they were quite old. In our
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society, middle and upper-class women have for a long time been re­
garded as unfitted for roles in the industrial process and have been 
encouraged to specialise solely in the reproductive and rearing arts. 
Lately, for various reasons, the scale of even this operation has been 
reduced. At the same time, medical technology has increased life 
expectancy. T he upshot is that, whereas girls in pre-industrial societies 
wrere trained for a lifetime of motherhood and vital economic ser­
vices, many girls in our society are groomed only for a relatively short 
period of motherhood, with little forethought given to how they 
might occupy the long years between then and the grave. W hen, on 
top of this, one thinks about domestic labour-saving devices, it becomes 
apparent that the average woman today fulfils her destiny in a brief 
moment of glory and then fades out for the next thirty years or so. 
This, on the face of it, would seem to be sad, wasteful, and ‘bad for 
the system’.

f r e e m a n  I would like to make a comment at this stage of a philo­
sophical kind. It bears on what Dr Boyden, Dr Hackett, and Mr 
Oram have been saying. I think we have reached the stage where there 
is, at last, the possibility of the emergence of a unified science of man. 
If we are to bring this off, we shall have to learn to think in some 
new kinds of ways. We shall have to transcend the limitations of our 
existing concepts and we shall have to grow out of the idea of finite 
disciplines as also of the much-vaunted ‘multidisciplinary approach’. 
T hat great philosopher, Ilum pty Dumpty, arrived at the profound 
realisation that words are not the properties of things and, equally, 
disciplines are not the properties of nature. They are rather of our 
own contriving, and the artifacts of our ignorance. Now, if we are to 
attain a unified science of man, we shall have to develop the capacity 
to consider all of the main determ ining variables in a single sustained 
analysis, and it seems to me that this realisation is just beginning to 
emerge in this present symposium. As one considers the different con­
tributions, the master concept woidd seem to be adaptation in an 
evolutionary frame of reference. 1 think that if we begin to use this as 
a unifying concept, the possibilities of a unified science of man are 
probably in time realisable. I am convinced that only when we have 
attained some such unified science shall we be able to comprehend and 
to solve the complex problems that face us.

w e l l s  Mr Chairman, I think that Dr Boyden has raised an issue 
which has not really been recognised here. Are we mainly concerned 
with ourselves as individuals or with the future of mankind, because 
what we do will be different in the two cases. Now if we accept that the 
past and future evolutionary development of m ankind is at least 
in part a genetic process as well as being partly a cultural adaptation, 
I suppose we would have to go on from that and accept that within 
reason, the faster the turnover of generations the quicker and the more 
effectively this genetic evolution can take place. Now it is true that up 
to a point this is counterbalanced by the fact that the presence in a 
population of a proportion of older people may actually assist in cul-
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tural adaptation by keeping a core of balanced and experienced know­
ledge available, but nevertheless in any given set of circumstances there 
must be some sort of optimal age distribution of the popidation from 
the point of view of producing the most rapid and satisfactory evolu­
tionary development. Now if this is so, it woidd surely seem likely 
that any species such as man would have developed a mechanism for 
ridding itself of substantial numbers of old people in the population, 
particularly after they have had the opportunity of having a few 
children and producing one generation. I do not know what these 
mechanisms are and I w'onder whether Dr Boyden has any views on 
this and whether he thinks in particular that arteriosclerosis may be 
just one of the mechanisms. Because if this is so certain conclusions, I 
think, follow. Firstly, of course, we should perhaps not strive, if we are 
worried about the future of mankind rather than about our own 
lives, too hard to keep alive vast numbers of old people in the popu­
lation. And secondly, if in fact this is possibly one of the mechanisms 
that have been developed to assist in rapid and effective evolution, 
we perhaps should not strive too hard to find remedies for it.

m i m s  I would like to make one point about this problem of popida­
tion control in primitive peoples. Do we know whether primitive 
people practise contraception other than by abstaining from inter­
course during pregnancy, lactation or at other times? We must find out 
more about the natural regulation of populations. As an illustration 
of how little we know, some work on environmental temperature and 
conception suggests that in big cities in the USA1 and in Hong Kong,2 
there is a fall-off in the rate at which children are conceived when tem­
peratures are above 70°F. Not only this: if you are conceived in the 
warmest months of the year, you are more likely to end up in an insti­
tution for the mentally deranged3 and you are also less likely to end 
up in the pages of Who’s Who.

1 C. A. Mills and F. A. Senior, ‘Does Climate Affect Human Conception Rate? 
Arch.Int.Med., 14, 1930, 921-9.

2 K. S. F. Chang et al., ‘Climate and Conception Rates in Hong Kong’, Human  
Biol., 35, 1963, 366-76.

3 B. Pasamanick and H. Knolbloch, ‘Seasonal Variation in the Births of the 
Mentally Deficient: A Reply’, Am.J.Publ.Hlth, 50, 1960, 1737-42.

h e t z e l  Just twro comments, Mr Chairman. First of all, this question 
of women after the reproductive period. I think there is increasing 
recognition of this problem and some attem pt is being made to mobilise 
this resource in man power in this whole field of personal work with 
people in the new communities of the modern urban world. In  the 
United States under the Kennedy adm inistration certain experiments 
were initiated in training women of this age as mental health assistants 
in the whole program of prevention and maintenance of mental 
health. And I believe that this is one im portant avenue where women 
can be absorbed and find a new life, so to speak, in the urban com­
munity.

I would like to support what Dr Freeman says, although I realise 
there are always splitters and synthesisers in any gathering and they
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never really can communicate. I am very much with him; I think this 
is the orientation we have lost in medicine to some extent and we 
need it. However, this is a highly controversial statement.

hipsley I would like to ask Dr Boyden to comment on a problem 
that concerns me profoundly and this is: Do these corrective adapta­
tions to maladjustment ever conflict? It seems to me that you can sit 
down on a problem-orientated basis and work out a perfect solution 
for each problem but when you try to work out solutions for the lot 
you find that it is just not on. For example, the control of infectious 
diseases I think has been brought about by corrective adaptations, but 
this has been the main factor responsible for the increase in popidation 
and the threatening food shortage. Now we are led to believe today 
that contraception may be the answer to this problem but I strongly 
suspect that if it is applied on a large scale, it too will have repercus­
sions in the health field and require further action. I think it was 
actually Professor Dubos who made the remark in his book1 that there 
is no paradise on earth for men and that to eliminate m aladjustment 
would be to eliminate adventure, creative thinking and to elect for 
boredom and stagnation.

i  R. Dubos, Mirage of Health, New York, 1959, Harper and Brothers, 235.

boyden Firstly, I am very pleased to see that, for all his irrationality, 
Rousseau’s name has been mentioned a num ber of times in this sym­
posium. I am always surprised by the vehemence with which his ideas 
are often condemned. I find this interesting in itself, but it is a subject 
which I will not attem pt to develop at this point of time. I will simply 
say that I am not as strongly anti-Rousseau as some. The Hobbes- 
Rousseau pendulum  swings back and forth, and no doubt the tru th  
lies somewhere in between the two extremes.

Secondly, I would like to say I am in complete agreement with Dr 
Hackett’s emphasis on the genetic diversity of the human species. In 
the responses of the hum an organism to various changes in environ­
mental conditions, we see many examples of differences both in the 
degree of response to given environmental changes and in the type 
of response in different hum an beings—due partly, no doubt, to pre­
vious experience (that is, to environmental influences) but also cer­
tainly due in part to genetic factors. For example, take the introduc­
tion of refined carbohydrates into the diet. It is fairly well recognised 
that there are genetically-determined differences with regard to the 
responses to this environmental change. For example, some genotypes 
are more likely than others to develop dental caries. Similarly, some 
genotypes respond to the introduction of refined carbohydrates by de­
veloping diabetes, a disease which, while clearly controlled by a genetic 
factor, does not apparently occur in populations which do not have 
refined carbohydrates in their diet.

I do not agree, of course, with Dr Hackett’s statement that when the 
public health movement got under way in the last century, there was 
‘no understanding’ of the nature of disease—in our biological sense. 
There certainly was a degree of ecological understanding, in that it
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had been noted that the disease states were correlated with certain 
characteristic environmental conditions.

I agree wholeheartedly with the views expressed by Mr Oram and 
Dr Freeman emphasising the urgent need for a new approach to the 
study of man. On the one hand we have the processes of nature which 
are studied by natural scientists, and on the other hand we have cul­
tural processes and cultural phenomena which are studied by social 
scientists and students of the humanities. This dichotomy is justifiable 
to an extent because these two sets of phenomena are distinct in many 
ways. Nevertheless, there is a tremendous and extremely im portant 
interaction between them, and it is this interaction which we have 
been interested in today, and which I have been stressing in my paper.

Dr Wells suggests that arteriosclerosis is in fact a biological mechan­
ism selected for in hum an evolution because of its species survival value 
in removing part of the population after the reproductive period is over. 
I think this is a hypothesis worth bearing in mind in our attempts to 
understand the biology of man. My personal view at the present point 
of time is that the hypothesis is probably wrong; but that if further 
inform ation in its favour comes to light I might change my mind. I 
can see no biological advantage in the elim ination of older individuals 
in a population unless they are a burden on the population as a whole 
as a result of their incapacitation through arteriosclerosis, high blood 
pressure and so on. Such incapacitation per se (even it it did lead to 
early death), could not be of survival value. In  other words, the opti­
mum age distribution depends on the state of health of the various 
age groups, and not vice versa. I wonder if Dr Wells would say the 
same, for example, of lung cancer? Some of these pathological condi­
tions are so obviously consequences of conditions of civilisation. I 
agree that it has yet to be conclusively proven that cardiovascular 
disease is a disease of civilisation—although I belong to the school that 
considers the weight of evidence is strongly in favour of this possi­
bility. But if it could be shown that it is as common a condition in all 
hum an populations, whatever their conditions of life and including 
relatively ‘uncivilised’ groups, as in modern urban society, then this 
would be a good argument in favour of Dr Wells’s suggestion. How­
ever, there is good evidence that this is not the case.

Dr Hipsley asked whether I would agree with him that forms of cor­
rective adaptation tend sometimes to conflict with each other; I would 
certainly agree that under existing conditions this may happen, 
although in general they are less likely to have undesirable repercus­
sions than antidotal forms of adaptation. But, as I mentioned, correc­
tive adaptive processes are not always feasible for social or economic 
reasons and even when they are feasible they might have some undesir­
able repercussions under the new conditions.

I think there is the suggestion in Dr Hipsley’s remarks that we in 
fact need a certain degree of m aladjustment in society in order to make 
life worth living. I would agree that a certain level of frustration 
would seem to be a desirable thing. On the other hand I also think 
that a great deal more effort should be put into attempts to under­
stand the hum an situation in scientific terms, and this must involve
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learning more about the processes and mechanisms of cultural adapta­
tion to biological maladjustm ent—and also, of course, about the causes 
of these forms of maladjustment. I do not think we need worry for a 
long while about a situation arising in which we will not have any 
forms of biological maladjustment.
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T h e  w ord  c iv ilis a tio n  is o f recent o r ig in ; i t  p robab ly  appeared in  p r in t  
fo r the firs t tim e  in  1757. As used th ro u g h o u t the e igh teen th  century, 
i t  m eant be tte r ways o f life , hum ane laws, l im ita t io n s  on war, a h igh  
level o f conduct and purpose. As late as 1772, Samuel Johnson refused 
to accept the w ord  in  his d ic tio n a ry  because he fe lt th a t the o lde r w ord  
c iv il ity  had the same meaning.

I  have in tro d u ce d  th is  b it  o f pedan try  at the be g inn in g  o f my p re­
senta tion  to  illu s tra te  th a t c iv ilis a tio n  involves no t o n ly  the various 
technologies th a t are presently used to m a n ip u la te  the exte rna l w o rld , 
b u t also the social practices and c u ltu ra l tra d it io n s  th a t govern hum an 
life . T he broader m ean ing  o f the w ord  c iv ilis a tio n  is re levan t to ou r 
symposium, because m an is affected by his a ttitudes, beliefs, and hopes, 
as m uch as by the forces th a t im p inge  on  h im  fro m  the outside.

C iv ilis a tio n  includes a ll the processes th rough  w h ich  hum an  life  has 
become d iffe re n t fro m  a n im a l l ife —a d iffe re n tia tio n  th a t was already 
w e ll advanced in  the O ld  Stone Age, long  before the n e o lith ic  re vo lu ­
tion . In  fact, there cannot be any human  l ife  w ith o u t c iv ilisa tio n . 
Humanness and c iv ilis a tio n  are coeval. T h e  in te rp la y  between the 
pu re ly  b io log ica l a ttr ib u te s  o f Homo sapiens and his to ta l e n v iro n ­
m ent accounts fo r bo th  the desirable and the ob jec tionab le  m anifesta­
tions o f humanness.

T h e  ph ilosophers o f the E n lig h te n m e n t w o u ld  have been surprised 
by the somewhat pessim istic tone o f o u r sym posium , em phasising as i t  
does the dangers o f c iv ilised  life . T h e y  believed th a t an era o f greater 
c iv ilisa tio n , and therefore o f be tte r hum an  life , was at hand  because 
the advances in  science and technology th a t were occu rr in g  in  th e ir  
times made i t  appear th a t m an w o id d  soon be able to  co n tro l his own 
na tu re  as w e ll as exte rna l na tu re , and thus to choose his destiny. I t  is 
obvious th a t som ething has gone w rong  w ith  th is  hope d u r in g  the past 
100 years. Increased co n tro l o f the en v iro n m e n t and econom ic pros­
p e r ity  do no t necessarily resu lt in  be tte r hea lth  o r greater happiness. 
T h e  m odern  ways o f life  create new prob lem s o f th e ir  own.

T h e  papers presented at th is  sym posium  reflect the efforts made by 
the scientific  com m un ity  to  understand w hy c iv ilis a t io n —w h ich  was 
supposed to  im prove  hum an l ife —in  fact creates a social and techno­
log ica l env ironm en t tha t is o ften  de le terious to man. I  believe th a t a ll 
the pa rtic ipan ts  ta c itly  accept the fo llo w in g  e xp la na tio n  fo r the par-
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tial failure of the new world created by science and technology to pro­
vide biological conditions optimum  for hum an life.

The structure of m an’s body and brain has not changed significantly 
since the late Stone Age. By that time, Hom o sapiens had been shaped 
by the environmental forces that had prevailed during his evolution­
ary development; it is certain furtherm ore that his genetic endowment 
will remain essentially the same during the foreseeable future. But 
while modern man cannot change genetically, he has to live now 
under the conditions created by social and technological forces; these 
conditions differ profoundly from those under which he evolved and 
to which he had become genetically adapted.

Fortunately, the genetic properties that have developed in the vari­
ous components of the hum an gene pool during the evolutionary past 
are extremely numerous; their redistribution and selection can prob­
ably result in a fairly rapid genetic drift whenever the selective pres­
sure is strong enough. But granted that m an’s range of phenotypic 
variability is extremely wide, it is limited nevertheless by the biological 
characteristics encoded in his genetic equipm ent. In  practice, many 
social and technological innovations impose on him adaptive demands 
that are often excessive—hence the diseases of civilisation.

Health and disease are the expressions of the relative degrees of 
success or failure experienced by man as he tries to respond adaptively 
to environmental challenges, and also to the inner demands created 
in him by traditions and aspirations. Changes in the ways of life and 
in the environment now occur so rapidly that genetic adaptation is in 
practice non-existent in hum an life, or of trivial importance. But, 
although man can supplement his biological mechanisms of pheno­
typic adaptation with even more effective social mechanisms, his adap­
tive responses often fail—for two different kinds of reasons.

Since his surroundings and ways of life are forever changing, man 
can hardly ever achieve a state of adaptedness to his environment. T he 
endless and futile effort to achieve such a state commonly involves 
struggles that result in suffering, disease, and unhappiness. Further­
more, responses that appear to constitute successful adaptations at the 
time they occur may have secondary effects that are deleterious in the 
long run.

The phrase ‘adaptive response’ was coined to deal with phenomena 
of general biology, but it requires many qualifications when applied 
to the study of hum an problems.

The general biologist usually defines the word ‘adaptation’ in Dar­
winian terms. For him, the word implies a state of fitness to a given 
environment, enabling the species to m ultiply and to invade new terri­
tories. According to this definition, man is remarkably adapted to life 
in highly urbanised and industrialised societies, as shown by the fact 
that his populations continuously increase and that he spreads urbani­
sation and industrialisation to more and more of the earth. It is 
obvious, however, that further population increase has become objec­
tionable, and may soon become intolerable. In  applying the concept 
of adaptation to the hum an species, it is therefore necessary to use 
criteria different from those used in Darwinian population theory.
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Physiologists and psychologists give to the word ‘adaptation’ a 
meaning different from that given by general biologists but their 
interpretation also fails to take into account the peculiarities of human 
life.

For physiologists and psychologists, a response is adaptive when it 
enables the person to maintain homeostasis through metabolic, hor­
monal, or mental processes that tend to correct the disturbing effects 
that environmental forces exert on the body and the mind. Such adap­
tive responses contribute to the welfare of the organism at the time 
they occur, but they often have secondary effects that are deleterious 
at a later date. Many, if not most, chronic disorders are the secondary 
and delayed consequences of adaptive responses that were useful at 
first, but are faulty in the long run. When evaluated over man’s whole 
life span, homeostatic mechanisms are therefore less successful than 
commonly assumed.

It has long been recognised of course that homeostatic mechanisms 
can lead to unhomeostatic effects. This is particularly true when the 
homeostatic response is excessive. In traumatic shock, for example, 
intense vasoconstriction is homeostatic to the extent that it preserves 
blood pressure, but it is unhomeostatic eventually because it deprives 
the kidney and other essential organs and tissues of their vital blood 
flow. In the hypervolemia of heart failure, the congestive state is useful 
up to a point in filling a weakened heart chamber, but leads ulti­
mately to total failure by way of both excessive vascular pressures and 
overdilated heart chambers. As to the inflammatory reaction, it may 
help in fixing or destroying the aggressive agent, but it can destroy the 
organ while attempting to protect the body.

As already mentioned, homeostatic mechanisms commonly have 
delayed and indirect consequences responsible for the pathology of 
many chronic disorders. The production of scar tissue is a homeo­
static response because it heals wounds and helps in checking the 
spread of infection. But fibrosis in the liver or in the kidney means 
cirrhosis or glomerular nephritis; scar tissue may freeze the joints 
in rheumatoid arthritis or may choke the breathing process in the lung.

Many other examples readily suggest themselves, such as the various 
forms of hyperimmune response and the so-called compensatory re­
actions such as compensating polycythemia or compensating emphy­
sema. These processes exert a protective or reparative function when 
they first occur, but they can become destructive in the long run. All 
too often the wisdom of the body is a very short-sighted wisdom. The 
renal pathologist, J. Oliver, stated this problem clearly in his discus­
sion of acute tubular necrosis of the kidney: ‘The majority of the 
fatalities, in fact, occur during the “recovery period”, as a result not 
so much of the processes of renal damage as of the mechanism of renal 
repair’. The end results of social adaptation are often as destructive 
as those of biological adaptation.

Science enables technology to do almost anything, but there is a 
painful discrepancy between what man aims for and what he gets. He 
sprays pesticides to get rid of mosquitoes and weeds, but he thereby 
kills birds, fishes, and flowering trees. He drives long distances to
Q
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recapture the purity of nature, but he poisons the air along the way. 
He eliminates food shortages through scientific agriculture, but 
creates thereby new patterns of diseases caused by overnutrition. He 
synthesises drugs to treat many kinds of physical or mental disorders, 
but finds that new illnesses commonly result from the use of these very 
drugs. He builds machines to escape from physical work, but the more 
efficient the machines, the more exacting the constraints they impose 
on his life.

T he environmental forces—chiefly of technological origin—that now 
impinge on m an’s life are so complex and powerful that they appear 
beyond hum an control. Many are the persons who believe that we 
shall have to change completely our ways of life, if we do not want the 
physical and mental worlds to continue going from bad to worse. New 
ways of life, however, are difficult to imagine; we no longer believe 
in utopias. Yet there remains much reason for hope, and even much 
room for utopian thinking.

Hope is justified by the fact that man is immensely adaptable. We 
worry about the problems of world nutrition, but should find encour­
agement in the fact that some people thrive on an essentially vege­
tarian diet, while others relish an animal diet. We are concerned with 
crowding, but should not forget that the inhabitants of some of the 
most crowded countries—such as H olland—or cities—such as Hong 
Kong—enjoy a high level of physical and mental health. Men have 
created exciting civilisations in hum id equatorial lowlands, and on 
semi-clesertic highlands. H um an beings are so adaptable indeed that 
they can function and m ultiply even under horrible conditions. T he 
most difficult problem may not be to assure the survival of the hum an 
species, but rather to decide what kinds of adaptation are compatible 
with the maintenance of desirable hum an values.

A nother reason for hope is that the public is now intensely con­
cerned with the dangers created by technology and urbanisation, and 
is beginning to realise that many environmental effects are indirect 
and delayed. T he bio-medical profession, unfortunately, has not yet 
focused its attention on this problem. So far, the knowledge of m an’s 
responses to his environment has been chiefly derived from the study 
of a few dramatic accidents, such as caused by ionising radiations, drug 
intoxication, or environmental pollution. Research in environmental 
biology has been stimulated also by the need to train  combat forces 
for operation in the tropics or the Antarctic, to overcome the new 
kinds of fatigue and boredom caused by automation, or to manage the 
effects of sensory deprivation experienced by the crews of submarines 
or space vehicles. T he study of these and other specialised problems 
has provided useful information, but of an episodic character. Its chief 
merit has been to make clear that the new hum an problems emerging 
in technological societies cannot be dealt with by applying existing 
knowledge derived from atomistic biology but will require a new 
scientific approach.

D uring the past few decades, the greatest biomedical advances have 
been achieved through the detailed analysis of isolated cellular and 
biochemical systems. Valuable as it is, the inform ation thus obtained
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is not sufficient to recognise, let alone understand, m an’s responses to 
environmental stimuli and insults. Any environmental problem im­
plies situations in which several interrelated systems operate simul­
taneously. Of special importance in this regard is the fact that the 
response to any stimulus is conditioned by the past experience of the 
organism. T he experiential past, in other words, is as im portant a 
factor in biological response as is the genetic endowment, the structure 
of tissues, and the nature of the stimulus. M idtifactorial investiga­
tions of m an’s responses to his environment will demand new concep­
tual and experimental methods, very different from those involving 
only one variable which have been the stock-in-trade of experimental 
science.

T he advent of computer technology may help in analysing epi­
demiological observations, to learn more of hum an responses to the 
total environment. It is certain, furthermore, that environmental 
biology can become an experimental science because animal life pro­
vides models presenting a close analogy to almost any problem of 
hum an life. This is true not only for anatomical characteristics, physio­
logical attributes, pathological states, behavioural patterns and social 
organisation but also for the conditioning of adaptive responses by past 
experiences. T he following list indicates a few areas of environmental 
biology that lend themselves to experimental investigation through the 
use of animal models:
1. Indirect and delayed effects of biologically active substances, such 

as drugs and environmental pollutants.
2. T he effect of sensory stimuli—or lack of—and of other environ­

mental conditions, on the development of sense organs and on 
physiological processes.

3. T he effects of relative degrees of isolation or crowding on hormonal 
activities and behavioural patterns.

4. T he acquisition of tolerance to injurious agents and situations; its 
distant consequences.

5. Enduring effects of perinatal influences, i.e. of the factors (nu tri­
tional, infectious, toxic, behavioural, etc.) that impinge on the 
organism during critical periods of its development (pre-natal and 
early post-natal).

6. T he conditioning of the response to any particular insult (of 
physiochemical, infectious, or behavioural origin) by the effects 
of the total environment on the host; i.e. the role of non-specific 
etiological factors in epidemiology.

7. T he need to keep social and technological innovations within a 
framework determined by the biological lim itations of man.

8. T he adaptive potentialities of the hum an organism at various 
stages of its development.

T he phrase ‘adaptive potentialities’ has been introduced above to 
eorrvey the view that the environmental study of hum an life should 
not be limited to a consideration of pathological phenomena. Each 
person has a wide range of physical and mental potentialities that re­
m ain untapped.. These become expressed phenotypically only to. the
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extent that the person is given a chance to respond adaptively to the 
proper stimuli under the proper circumstances. As we shall now see, 
the responses to environmental stimuli made by the organism during 
the early phases of its development are of special importance, because 
they affect profoundly and lastingly the anatomical, physiological, and 
behavioural characteristics of the adult.

In  his essay on the ‘Uses of Great M en’, R alph W aldo Emerson 
wrote a statement that has a direct bearing on the shaping of human 
personality by the total environment: ‘T here are vices and follies 
incident to whole populations and ages. Men resemble their contem­
poraries even more than their progenitors’ (italics m ine).

As a moralist, Emerson was primarily concerned with the intellectual 
and moral attributes of hum an beings; but his aphorism is just as valid 
for physical and physiological attributes. We resemble our progenitors 
because we derive from them our genetic endowment. Genes, however, 
do not really determine the traits by which we know a person; they 
only govern the responses that the person makes to environmental 
stimuli. Individuality progressively emerges from these phenotypic 
responses.

Whereas the genetic pool of a population remains essentially con­
stant, the environment changes rapidly. We resemble our contem­
poraries because the phenotypic expressions of the genetic endowment 
are determined by the environmental forces that impinge more or less 
simultaneously and with almost equal strength on all the members of 
a given generation in a given social milieu.

The phenotype is constantly being moulded by the environment 
throughout the whole life span. Individuality could be defined as the 
continuously evolving phenotype. Early influences, however, certainly 
play the most im portant role in converting genetic potentialities into 
phenotypic reality.

As commonly used, the phrase ‘early influences’ denotes the condi­
tioning of behaviour by the experiences of early life. But early experi­
ences do more than condition behavioural patterns; they also affect, 
profoundly and lastingly, other biological characteristics such as initial 
growth rate, efficiency in the utilisation of food, anatomic structures, 
physiologic attributes, maximum adidt size, resistance to infection, 
response to various forms of stress and stimuli, in brief, almost every 
phenotypic expression of the adult.

A few examples from contemporary life will suffice to illustrate the 
effects of early influences on hum an populations.

Japanese teenagers are now much taller than their parents and dif­
fer in behaviour from their pre-war counterparts, not as a result of 
genetic changes, but because the post-war environment in Japan is 
very different from what it was in the past. A similar phenomenon is 
observed in the settlements of Israeli kibbutzim. T he kibbutzim  child­
ren are given a diet and raised under conditions as favourable as can 
be devised; within one generation, they tower over their parents who 
originated from the crowded and unsanitary ghettos of Central and 
Eastern Europe.

The acceleration of growth in Japan and in the Israeli kibbutzim
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constitute but particular cases of a constant trend toward earlier 
m aturation of children in Westernised countries. This is evidenced by 
greater weights and heights of children at each year of life, and by the 
earlier age of the first menstrual period. In  Norway, for example, the 
mean age of menarche has fallen from 17 years in 1850 to 13 in 1960; 
similar findings have been reported from the USA, Sweden, Great 
Britain, and other affluent countries.

Growth is not only being accelerated; the final adult heights and 
weights are greater as well as being attained earlier. Some fifty years 
ago, m axim um  stature was not being reached in general until the 
age of 29; commonly now it is reached about 19 in boys and 17 in 
girls. W ith regard to the age of puberty, the change seems to consist 
in the restoration of the developmental timing that prevailed several 
centuries ago and that had been greatly retarded by the ways of life 
at the beginning of the industrial revolution.

T he factors responsible for these dramatic changes in the rate of 
physical and sexual m aturation are not completely understood. There 
are good reasons to believe, however, that the control of childhood 
infections and improvements in nutrition  of the mother and of the 
child, have played a large part in the acceleration of development. 
This change in turn  has probably been responsible for the larger size 
achieved by adults.

I shall now briefly describe experimental models that illustrate the 
effects of early influences on the development of laboratory animals.

Pioneering investigations on the lasting biological effects of early 
post-natal influences were carried out in England during the 1960s by 
R. S. McCance and Elsie M. Widdowson of Cambridge University. 
These investigators compared the growth of rats suckled in small lit­
ters (3 young per lactating female) with that of comparable animals 
suckled in large litters (18 young per female). They found that the 
rats of the latter group became much smaller adults than those of the 
former group, even though the animals of both groups were given 
unlim ited food after weaning. It can be assumed that the animals 
raised in  small litters developed more rapidly than the others because 
they enjoyed a nutritional advantage during the lactation period. As 
McCance and Widdowson pointed out, however, the interpretation 
of their findings may be more complex than appears at first sight. T he 
design of their experiments did not rule out the possibility that infec­
tious and psychological disturbances occurred when lactating females 
had to nurse large numbers of young. Such disturbances might have 
played a role in the retardation of growth observed in this group.

In  our own studies, an attem pt was made to eliminate or minimise 
the disturbing effect of indirect, non-nutritional factors. T o  this end, 
the experiments were conducted with specific-pathogen-free (SPF) 
mice so as to avoid the activation of latent pathogens by nutritional 
deficiencies. In  all cases, the litter size was reduced to 8 young, which 
is physiologically normal for mice. Whenever possible the animals were 
put on the experimental diets two weeks before m ating so as to elim­
inate the behavioural disturbances that commonly occur at the time 
of a dietary change.
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T he principle of the experiments consisted in introducing the con­
ditioning factor (infection, nutritional deficiency, toxic influence, or 
behavioural disturbance) early in the life of the anim al—either during 
gestation or lactation. Immediately after weaning, all young animals 
were placed under exactly the same optimum  conditions of husbandry 
and kept undisturbed during their whole life span. This made it pos­
sible to recognise the lasting effects of the early m anipulation on char­
acteristics such as rate of growth, m aximum adult size, longevity, and 
response to stimuli.

SPF mice weigh more at weaning time than do mice of the same 
genetic origin produced under less sanitary conditions. Furthermore, 
they reach larger adidt size and exhibit more desirable physiological 
characteristics as well as greater resistance to various forms of stress. 
These differences are not due to genetic changes as is shown by the fol­
lowing experiments.

In  one type of experiment, new-born SPF mice were contaminated 
orally one or two days after birth with material obtained from ordin­
ary mice that were healthy according to usual criteria but had been 
raised on commercial farms. T he contam ination did not cause any 
obvious sign of disease, not even diarrhoea. Yet the contaminated 
animals were smaller than the uncontam inated controls at weaning 
time, and grew into smaller adults.

T he following facts strongly suggest that this growth-depressing 
effect is associated with viral rather than bacterial multiplication in the 
intestinal tract. W hen SPF mice are contaminated orally shortly after 
birth with certain bacterial cultures isolated from the intestinal con­
tents of adult ordinary mice, these bacteria m ultiply extensively 
throughout the gastro-intestinal tract and persist at extremely high 
levels until weaning time. However, such bacterial infections do not 
affect significantly either weaning weight, growth rate, or maximum 
adult weight.

In contrast, weight depression can be consistently brought about by 
contaminating new-born SPF mice with a bacteria-free filtrable agent 
isolated from the intestines of ordinary mice.

Only very young animals (preferably less than 3 days old) prove 
susceptible to the weight-depressing effect of this agent, but the effect 
is transmissible from one generation to the next.

A profound and lasting depression of growth can be produced by 
administering bacterial endotoxin to the m other of SPF mice, either 
during gestation or during lactation; this effect appears irreversible. 
Although marked weight loss can also be produced by giving endo­
toxin to young animals after weaning, the depression of growth thus 
achieved is rapidly and completely reversible. T his finding is compat­
ible with the view that environmental factors are more likely to alter 
biological characteristics in an enduring manner when they impinge 
on the organism during certain critical stages of its early development.

A lasting effect on growth can be produced also in the absence of 
contamination or intoxication by feeding the mouse dam a restricted 
or deficient diet, either during gestation, or after the birth  of her young 
during the lactation period. Lasting depression of growth has been
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achieved, for example, by lowering the content of the dam ’s diet in 
magnesium, or in  lysine and threonine. T he growth-depressing effect so 
achieved persists throughout the whole life span of the young, even 
when the latter are given unlim ited amounts of an optimum  diet at 
weaning time and constantly thereafter. These findings are relevant to 
hum an situations since the diets of most underprivileged people con­
sist chiefly of plant products, which are commonly deficient in certain 
amino acids.

Depression of growth resulting from lysine and threonine deficiency 
during gestation or lactation does not seem to affect adversely the 
health of the young, or to decrease their longevity. In  fact, the results 
of two experiments in which the animals nursed by mothers on differ­
ent diets were kept undisturbed and on optimum  diets throughout 
their whole life span, suggest that the smaller animals had a greater 
life expectancy than the larger ones.

Even when m aintained under optimum  conditions, SPF mice exhibit 
marked individual differences in weaning and adult size. However, the 
young of each particular mother are usually remarkably uniform. The 
results of several kinds of experiments, based on foster-mothering, 
have established that the differences from litter to litter, and the uni­
formity within each litter, are not determined by the genetic endow­
ment of the young, but rather by some behavioural characteristics of 
the mother, such as the quality of nest building and attention to the 
young. Whatever the precise characteristics of ‘m othering’ quality, 
they exert on the young effects that persist throughout their life span.

T he mechanisms through which early influences can exert such pro­
found and lasting effects are both physiological and mental in nature.

Adult animals exhibiting growth depression as a result of perinatal 
influences eat as much food when removed from their mothers as do 
controls of the same age. However, they are less efficient than the con­
trols in utilising the food they eat; their ability to incorporate amino 
acids is much depressed. Such anabolic deficiencies persist long after 
the initial disturbance, at least for six months after weaning and per­
haps for the whole life span.

T he synthesis of protein and of DNA in the muscles and in the 
brain is also decreased by the early influences that are capable of de­
pressing adult growth. Furtherm ore, the production of certain types of 
cells seems to be depressed at a critical stage in development, and this 
depression cannot be corrected later in life—at least by changes in 
nutrition or husbandry. For example, adult animals that have been 
nursed by mothers fed a restricted or deficient diet, or have been con­
taminated shortly after birth, have fewer lipogenic cells than expected 
—a fact which may explain why none of them becomes obese. The 
numbers of muscle and brain cells are also depressed.

T he development of the brain is influenced of course by the meta­
bolic factors that govern anatomic and physiologic growth, but also to 
a surprising extent by the nature and intensity of the stimuli to which 
the organism is exposed early in life. A proper degree and kind of 
stimulation accelerates neural and behavioural development, as 
measured by chemical and enzymatic characteristics of the brain, and
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by exploratory behaviour and learning ability. In  contrast, an impover­
ished environment results in biochemical and behavioural deficiencies.

T he ‘im printing’ of birds is almost a caricature of the effect of early 
influences on behavioural patterns; the techniques of animal training 
make practical use of the possibility to shape neural and behavioural 
organisation during early life.

In  man, as in animals, physical and mental developments exhibit 
critical periods, but their timing and duration have not been pre­
cisely defined. In  any case, since the hum an body and brain are incom­
pletely developed at the time of birth, there is no doubt that the 
child completes his development—anatomic, physiologic, and m en ta l- 
in the course of responding to environmental stimidi. A true science 
of biological Freudianism  would include all aspects of biological and 
mental conditioning by the environmental factors that impinge on the 
hum an organism during the critical stages of development.

In  the light of these facts, the impact of civilisation on hum an 
biology must be considered not only with regard to disease causation 
but even more perhaps from the point of view of the formative effects 
that civilised life exerts on the hum an organism. Environmental fac­
tors not only affect well-being at the time they are experienced; more 
im portantly they condition future responses to almost any stimulus. 
They shape the organism physically and mentally by converting 
genetic potentialities into phenotypic realities.

Although I have focused my remarks on the shaping of physical and 
mental attributes by environmental forces, this does not imply that I 
regard man as the product of a kind of predestination. Rather, I 
wanted to emphasise that choosing or creating an environment is an 
act that not only affects us in the here and now, but also imposes a 
pattern on the future. T he concept of an optimum  environment is 
unrealistic because it implies a static view of man. Value judgments 
largely determine where we want to go and what we want to become; 
in consequence, they are as im portant as objective, measurable para­
meters in evaluating the quality of the environment.

T h a t biological criteria must be supplemented with value judg­
ments can be illustrated by the kind of ‘undesirable’ changes in human 
life that are likely to occur if man becomes biologically adapted to 
extremely high population densities. T he complexity of social struc­
tures will then make some form of regim entation unavoidable; free­
dom and privacy may come to constitute antisocial luxuries, and their 
attainm ent will involve real hardships. In  consequence, the human 
beings most likely to prosper will be those willing to accept a regi­
mented life in a teeming and polluted world from which all wilder­
ness and fantasy will have disappeared. T he domesticated farm animals 
and the laboratory rodent on a controlled nutritional regimen in a 
controlled environment will then become true models for the study of 
man.

H um an beings are so adaptable that they can survive, function, and 
m ultiply despite m alnutrition, environmental pollution, excessive sen­
sory stimuli, ugliness and boredom, high population density and its 
attendant regimentation. But while biological adaptability is an asset
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for the survival of Homo sapiens considered as a biological species, it 
can undermine the attributes that make human life different from 
animal life. From the human point of view, the success of adaptation 
must be judged in terms of values peculiar to man.

The need to consider values in evaluating the impact of civilisation 
on human values makes utopian thinking almost inevitable. In fact, 
the formulation of utopias may help to define some of the biological 
factors that need be incorporated in human values. I shall illustrate 
this statement by comparing the complementary roles of uniformity 
and of diversity in the development of civilised life.

No population—animal or human—can survive without some form 
of hierarchy that integrates its individual components into a well- 
defined social structure. Man cannot exist as an isolated individual; 
he must function as member of a group, and therefore accept its 
values and its goals. Societies cannot remain viable without a large 
measure of uniformity among their individual members and in their 
environment.

On the other hand, since human potentialities can be realised only 
to the extent that circumstances favour their phenotypic expression, it 
is desirable for the progressive unfolding of civilisation that the social 
environment be as diversified as safely possible.

If the surroundings and ways of life are highly stereotyped—whether 
in prosperity or in poverty—the only components of man’s nature that 
become expressed are those adapted to the narrow range of prevailing 
conditions. Hence the dangers of many modern housing developments 
which, although sanitary and efficient, are designed as if their only 
function was to provide disposable cubicles for dispensable people.

Uniformity is thus essential for the safe functioning of the group, 
and diversity for the more complete development of the individual. 
Uniformity and diversity constitute two equally essential components 
of true functionalism. Both must be considered in the formulation of 
social values because civilised societies commonly suffer from a lack of 
balance between these two fundamental attributes of human life.

Science cannot define or impose values; but it can go far towards 
predicting the likely biological consequences of behavioural, social, 
and technological practices. It can thereby contribute to the formula­
tion and evolution of values by warning man of the consequences 
likely to result from a certain course of events, and thus providing him 
with more factual basis for options.
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