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EDITORS' FOREWORD 

THIS volume contains a report of the proceedings of a sym
posium on Biological Aspects of Social Problems, organized 
by the Eugenics Society and held in four sessions on 1st and 
2nd October 1964, at the Botany Department of University 
College, London. In organizing this Symposium the Council 
of the Eugenics Society wished to promote an interchange of 
ideas between biologists and geneticists on the one hand, 
and sociologists, demographers, economists and others con
cerned with the social studies on the other. The rather naive 
enthusiasms of some of the early social Darwinists, together 
with the fearful crimes cominitted allegedly for eugenic 
purposes, have undoubtedly made many students consciously 
or unconsciously reluctant to consider the genetic element 
in social situations. Yet in fact the great majority of human 
situations are affected by the interplay of genetic and environ
mental elements. It was the desire of the Council of the 
Eugenics Society, without parti pris, to set in motion a debate 
on these questions between biologists and those concerned with 
social problems. The Council believes that the experiment 
was a useful and successful one-a claim, the justification of 
which the reader of this volume canjudge for hirnseif-and it is 
the Council's intention to promote other similar symposia 
in the future. 

The Council of the Eugenics Society would like to take this 
opportunity of thanking the contributors of papers, the 
participants in ·discussion, and the authorities of University 
College, London, for their help in making a success of this 
venture. 

V 

J. E. MEADE 

A. s. PARKES 
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GENERALINTRODUCTION 

SIR J AMES GRAy 

Garnbridge 

A SYMPOSIUM provides a convenient means whereby people 
working in relatively specialized fields can learn what others 
in related fields are thinking about; new and stimulating 
ideas tend to arise at the border-line of two or more intellectual 
disciplines. 

This, our first Symposium, is concerned with biological 
aspects of social problems and we are faced with the immediate 
difficulty that biologists and social scientists tend to speak 
somewhat different languages but the difference is more appar
ent that real. I suspect that to a Social Scientist ' industrial 
competition ' is not fundamentally different from a ' struggle 
for existence ' to a zoologist. 

In introducing the Symposium, it is appropriate to recall 
that an essential step in the theory of animal evolution, as 
enunciated by Charles Darwin and Alfred Russe! Wallace, 
was derived from the writings of the social economist, Thomas 
Malthus. It is now generally recognized that most of our 
social and international problems stem from an uneven distri
bution of limited environmental resources within increasingly 
large populations. It is just such a situation which brought 
about animal evolution. The role of the economist is to define 
the factors which control the distribution of resources between 
individual human beings and between different nations; 
but at the same time it is possible to regard economics as a 
specialized and very highly developed aspect of human biology. 

If one views human society against the background of 
animal evolution, a nurober of common features are revealed, 
but one highly important difference emerges. In the animal 
world, Iimitation of environmental resources Ieads to a struggle 
for existence either between individuals or between species, 
or both; those best adapted to the environment survive whilst 
others are eliminated and, so long as the adaptive character
istics are inherited, evolution continues. More and more 
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X GENERAL INTRODUCTION 

highly adapted types arise. If there is no competition from an 
excess of population or from predators, natural selection ceases 
and no further evolution occurs. In other words, a struggle 
for existence is the price which Nature pays for the production 
of more and more highly adapted communities. The course 
of animal evolution is thus directed by the animal's external 
environment; there is litde or nothing that the animal can 
do to improve his own chances of survival. In Man the situa
tion is very different. 

To a phenomenal extent man has not only learnt to modify 
and control his external environment but by speech and 
writing he can transmit the fruits of his own environmental 
experience to other individuals and to his offspring. He can 
therefore direct the course ofhis own evolution. But he cannot 
go on exploiting his environment and at the same time in
creasing his numbers indefinitely. He still lives und er the 
shadow of a struggle for existence. Some escape must be found 
from this impasse. How far can the struggle be relaxed by 
reducing the population of the world? Or, in the absence of 
competition, will social evolution be slowed down? 

The implications of an expanding world population seem 
so immense and so impersonal that many people find it difficult 
to face up to them; we prefer to put our heads in the sand and 
hope that there are experts who can deal with it. A recent 
leading article in The Times on the drift of world population 
asked the question, " Will the check be imposed humanely 
or inhumanly?" and ended with the words, "It is for the 
scientists, the politicians, the clergymen to decide. " This 
seems rather a curious attitude to recommend to a democratic 
society. The scientist's duty is to collect the facts and present 
them to the public in a form free from political and even 
national bias, thus allowing every individual to form his own 
judgement about what is at stake. Once the public grasp the 
urgency of the problern it will not be long before the politicians 
will find that something useful can and should be done. 



POPULATION TRENDS 
Chairman: SIR jAMES GRAY 



DATA AVAILABLE FOR THE STUDY OF 
FER TILITY IN G REA T BRIT AIN 

E. GREBENIK 

Department of Social Studüs, l!niversiry of Leeds 

THE study ofpopulation statistics began with an interest in 
mortality data. The fundamental instrument for the study of 
mortality-the life table-was developed in the seventeenth 
and eighteenth centuries, and correct methods for constructing 
these tables were known in the nineteenth century. When civil 
registration began in this country in 1837, the principal ques
tions essential to the study of mortality were asked at death 
registration: information was obtained about the sex, age 
and profession of the deceased person, as weil as about the 
cause of death. In conjunction with census data, detailed 
studies of mortality became possible in 1841. Although some 
of the information collected has become more accurate than 
it was 125 years ago, particularly in respect of the cause of 
death, essentially the system has remained unchanged since 
the beginning of vital registration. 

This earlier development in the study of mortality reflected 
the fact that the reduction of the death rate was one of the most 
pressing social problems of the nineteenth century. It is prob
ably also true that at that time mortality was a more important 
determinant of population growth than was fertility. The 
comparative interest taken by official statisticians in the two 
problems is well shown, when one Iooks at the collection of 
William Farr's writings on Vital Statistics, edited by Noel 
Humphreys ;4 only twenty-one pages of the book were devoted 
to the study of fertility, as compared with over 300 dealing 
with mortality. 

The Act of 1836, which set up the system of vital registra
tion in England and Wales, required much less detailed infor
mation to be provided at the registration of a birth than was the 
case with deaths. No informationwas collected about the age 
of either parent at the birth of the child: all that was asked 
for was the child's sex, the date of birth and-in the case of 
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4 BIOLOGICAL ASPECTS OF SOCIAL PROBLEMS 

legitimate children-the father's rank or occupation. In 
Scodand births did not become registrable until 1855, and 
stillbirths were not registered until 1928. 

The analysis of fertility in the nineteenth century had, 
therefore, to be conducted in terms of crude rates, where the 
total number of children born was related either to the popu
lation or to the number of women or of married women of 
reproductive age. The shortcomings of this method were 
evident to the statisticians of the time: William Farr in the 
30th Annual Report oJ the Registrar General commented on the 
' grave defects ' in the birth registers, and specifically on 
the absence of any information on the age of the mother at the 
birth of the child and on birth order. Oddly enough, the first 
schedule of the Scottish Registration Act remedied some of 
these deficiencies, but the relevant parts of the schedule were 
discontinued, after the Act had been in operation for a year. 
The data gathered in the first year were used, however, by 
Matthews Duncan in his book entided Fecundiry, Fertiliry, 
Sterili!J and Allied Topics, published in 1866, and containing 
the only information available in Britain in the nineteenth 
century on fertility by age of mother. In the absence of 
information on the marriage duration of women giving birth, 
Farr constructed indices of marital fertility by relating the 
total number of births to the marriages of six years earlier, 
six years being then the difference between the average age 
ofwomen marrying, and the average age ofmothers giving birth 
in Sweden. Towards the end of the century Edwin Cannan 
refined this index by relating births to a weighted average of 
marriages taking p1ace in previous years, and he used this 
analysis to forecast the decline in the rate of population growth 
that was to take p1ace in England in the first half of the twen
tieth century. 

Interest in fertility grew during the second half of the 
nineteenth century, when the crude birth rate began to fall, 
and when the existence of fertility differences between different 
social groups became apparent. Studies of differential fertility 
were difficult in the absence of information on the numbers 
of children born to women in different social groups, and the 
early inquiries into differential fertility carried out in Karl 
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Pearson's laboratory made use of correlations existing between 
crude birth or fertility rates in different localities, and 
certain socio-economic indices.3 Some twenty-five years 
earlier, Charles Ansell published in 1874 his analysis of the 
fertility of members of the upper and professional classes,I 
which yielded statistics on the distribution offamilies by size, 
but it is not clear from his work how his respondents were 
selected, and it is possible that his data were not representative, 
even of the limited group with which he was concerned. How
ever, the concern with these problems led to the first significant 
advance in the collection of fertility statistics since the begin
nings ofvital registration-the introduction offertility questions 
into the census of 1911. Four additional questions were asked 
of all married women enumerated : 

(i) the total number of completed years of the present 
marriage 

(ü) the total number of children born alive to the present 
marriage 

(iü) the total number of children stillliving and 
(iv) the total number who had died. 

Widows and divorced women were not required to provide 
this information, and the final tabulations did not even relate 
to all married women, but only to those 91 per cent who were 
enumerated on the same census schedule as their husbands, 
so that differential fertility could be studied in relation to the 
husband's occupation. Clearly, this restriction imposed serious 
limitations on the inquiry. The fertility of women under 
forty-five years of age was still incomplete, and, in the case of 
women over forty-five, their chance of inclusion in the tabula
tion depended upon the ages of their husbands; the younger 
their husbands were, the greater it was. There may well have 
been a correlation between marital fertility and the age of the 
husband which could have biased the results. The publication 
of the results of the 1911 inquiry was held up by the First 
World War, but they enabled T. H. C. Stevenson, then the 
Superintendent of Statistics at the General Register Office to 
write his important paper on differential fertility,6 in which he 
traced the fertility of the various social classes in England and 
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Wales from the middle of the nineteenth century to 1911. It 
was also possible for the first time to obtain estimates of 
childlessness both for the country as a whole, and for different 
social groups. 

In the meantime certain advances had been made in the 
measurement of current fertility. In 1884 Böckh calcu1ated 
a net reproduction rate for the first time, and in 1907 R. R. 
Kuczynski developed the gross reproduction rate. Both these 
indices made use of a synthetic approach: the age-specific 
fertility rates of women in a particu1ar calendar year were 
combined with mortality data ofthe same year, or summed on 
their own to obtain the net and gross reproduction rates 
respectively. The age of the mother was considered to be the 
important variable: just as, in the case of mortality, the risk 
of dying was a function of age, so the age of a woman was 
considered to be the most important variable associated with 
fertility. The use of these age-specific rates and the restriction 
of the analysis to women implicitly assumed that the biological 
factor was most important in the study of fertility. Thus, 
comparatively little interest was taken in nuptiality and the 
duration of marriage as factors which might influence fertility. 
These rates were widely used in the discussion of population 
problems in the inter-war period and the general pub1ic 
(outside the ranks of demographers) became familiar with 
them: thus, Sir Dennis Robertson in an address to the Royal 
Economic Society began by reminding his audience that like 
every patriotic Englishman he carried two memoranda in his 
pocket: one urging him to increase exports by at least 50 per 
cent, the other to raise the net reproduction rate to at least 
unity.s 

British official statistics did not provide the information 
necessary for the calculation of exact reproduction rates, and 
as these were increasingly used in demographic analysis there 
were demands for a revision of the system of registration which 
would enable their values to be computed. These demands 
led to the passing of the Population (Statistics) Act of 1938, 
the first major revision of the system of birth registration since 
its inception in 1836. The gaps deplored by Farr in the 1860s 
were at last filled, and questions were now asked relating to the 
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age of the mother, the duration of her marriage and the order 
of birth of the child. The Second World War led to a delay 
in the publication of these data: but when they were at last 
published, it became possible to analyse fertility by age of 
mother, duration of marriage and birth order or by a com
bination ofthese factors, for the period beginning lstjuly 1938. 

Unfortunately, this information became available at a time 
when the focus in the study of fertility had shifted. In 1944 
concern with the population of the country led to the appoint
ment of a Royal Commission, which was advised on technical 
statistical problems by an expert committee under the chairman
ship of Sir Alexander Carr-Saunders. When the Committee 
came to survey the fertility statistics of the period, it became 
clear that age-specific fertility rates and combinations of these 
rates in the form of reproduction rates were not really very 
useful as indicators of long-term fertility trends. The Royal 
Commission was advised that a special ad hoc type of inquiry 
was necessary for a proper assessment of fertility and, with the 
agreement of the Treasury, the Family Census of 1946 was 
undertaken, covering a samp1e of 10 per cent of all ever
married women in the country. This census differed from its 
predecessor of 1911 in several important respects. In the first 
p1ace widows and divorced women were included, and a ques
tion was asked about the date of the end of their first marriage, 
so that the period during which they were at risk of bearing 
1egitimate children could be ascertained. Secondly, informa
tion was obtained not only about the dates of birth and 
marriage of the women themselves and the total nurober of 
children they had borne, but questions were asked about the 
date of birth of each individual Iiveborn child. 

The inclusion of this type ofinformation made a new kind of 
fertility analysis possible and provided statistics offertility which 
were more detailed than those collected for any other country. 
It became possible to build up a pietute ofthe process offami1y 
building and to trace the distribution of groups of women 
married at a particular period of time ( so-called ' marriage
cohorts ') at any specific duration of their marriage. Thus, 
it was no Ionger necessary to confine the analysis to women 
whose fertility was complete, but it could be extended to those 
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8 BIOLOGICAL ASPECTS OF SOCIAL PROBLEMS 

who were still fertile. Under modern conditions information 
about women whose fertility is complete tends to be of purely 
historical interest by the time it becomes available, as the bulk 
of their childbearing will have taken place in the past. Current 
fertility rates on the other hand are liable to fluctuate from 
year to year, and to be unduly influenced by short-term 
factors. The use of data of the type collected in the Family 
Census makes it possible to compare the fertility of women 
belanging to different marriage cohorts who had been married 
for ten, fifteen or twenty years, say, and who will therefore 
have had the same length of exposure to the risk of child
bearing within marriage. As some 80 per cent of marital 
fertility falls within the first ten years of marriage, these women 
will have passed the period of maximum fertility, but will 
have had their children at a time sufficiently near the census 
date to yield informationrelevant to current fertility. 

Since the Family Census the data collected under the 
Population (Statistics) Act have been 'spliced' on to Family 
Census data so that statistics of average family size at various 
specified durations of marriage may be computed for married 
women as a whole, but not for separate social groups, and this 
is now done as a matter of routine in the Registrar General's 
Statistical Review. 

No new detailed inquiry, such as the Family Census, 
has taken place since 1946, though the national censuses of 
1951 and 1961 both included questions on marital fertility. 
In the former the inquiry was limited to married women 
under the age of fifty, but in 1961 all women who were then, 
or had in the past been, married were asked to state the date 
of their present and first marriage, and the total number of 
children that they had borne alive. In 1961 a question was 
asked relating to the date of termination of the first marriage, 
where this was applicable; and on both occasions women 
were asked to state whether or not they had borne a live child 
in the year immediately preceding the census enumeration. 
The fertility volume of the 1951 Census was published in 1959: 
no indication has as yet been given as to when the results of the 
1961 Census on fertility will appear. 

The above brief sketch of the development of fertility 
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statistics will have made it apparent that-since 1938-
extremely detailed information exists on the relation of marital 
fertility to such variables as age ofmother, duration ofmarriage 
and birth order. Indeed, the only major gap that remains 
is the absence of information on the spacing of successive 
births, a gap which could be filled very easily by including a 
question on the date of birth of the previous child at birth 
registration, wherever this question was applicable. A ques
tion of this type would produce valuable additional informa
tion which would help in the understanding of movements 
in fertility. 

However, the really interesting-and from the point of 
view of forecasting, a crucial-aspect of the study of fertility 
lies in the understanding and documentation of group differ
ences in fertility. Recent work in America by Freedman2 
suggests that such differences are becoming less important 
than they used to be. In Britain, we can study fertility differ
ences between different socio-economic groups, as defined by 
the Registrar General on the basis of the occupation of the 
father, in the triennia with the population census as a centre, 
because it is only in the census that information sufficient 
to compute the basic population at risk is available. In 1951, 
too, a brief classification of fertility by the terminal education 
age of the husband was attempted in the fertility report of the 
census, but this information was of limited value as the ques
tions on education in 1951 were restricted and badly phrased. 
But it is not possible from official data to relate fertility data to 
such important social variables as the previous occupational 
history ofthe mother, her own educational status and the social 
mobility of the family. For information of this type, it is 
necessary to rely on private inquiries, such as those conducted 
by the London School of Economics, or the Population Investi
gation Committee. Nor has an inquiry of the Family Census 
type been repeated, even though it is now nearly twenty years 
since 1946, and married women of a whole new post-war 
generation have almost completed their fertility. 

Indeed, it almost seems as if fertility studies have been 
relatively neglected by the General Register Office. The 
fertility report of the 1951 Census took eight years to publish, 
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and at the date ofwriting there is no indication that the 1961 
Report will appear more quick1y. It is clear that in the census 
programme the analysis of the geographical distribution of 
the population and of its industrial and occupational character
istics is given precedence over the study of fertility. This 
is probably inevitable in view of the small professional staff 
in the General Register Office. There appears, for instance, to 
be no person in that office who is exclusively concerned with the 
study of fertility. This comparative Iack of interest seems 
strange, as under modern conditions fertility, rather than 
mortality, is the most important determinant of population 
growth. 

The high standard of our vital statistics systems should not 
blind us to the fact that improvements have been slow. Perhaps 
this feature is not unconnected with the organization of thc 
General Register Office. The Registrar General is an adminis
trative official, presiding over a department which has a dual 
task: the maintenance of the system of civil registration and of 
records, and the analysis of the data collected by the system. 
Ever since William Farr in 1880 failed to achieve promotion 
to the headship of the office, which he coveted, and for whose 
reputation and achievements in its early years he was so largely 
responsible, successive Registrars General have been drawn 
from the administrative dass of the civil service, and have been 
men whose main interest did not lie in the statistical side of 
the work. They were fortunate to be assisted on the technical 
side by professionals of great ability, but ultimate control over 
policy remained with the administrators. This system was 
criticized by the Statistics Committee of the Royal Commission 
on Population, who wrote that " the Registrar General should 
normally be hirnself a person qualified to deal with statistical 
issues" and that "for future appointments to the position of 
Registrar General some experience of and competence in statis
tical work should be a necessary condition. " The Royal 
Corninission itself endorsed these recommendations in general 
terms and added that " at present in Great Britain the arrange
ments for the collection and analysis of fertility statistics are not 
adequate to modern needs " (Para. 682). 

However, the position has not changed since the Royal 
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Garnmission reported fifteen years ago. The number of pro
fessional statisticians in the General Register Office has 
increased and the Statistics Division no Ionger has an admini
strator in charge; but control remains in the hands of the 
administrative officials. In the type of work that lies within 
the responsibility of the General Register Office, the distinction 
between professional, technical and administrative duties 
is not always easy to draw: administrative decisions taken 
about the system of census taking and vital statistics will 
determine the types of analysis that are possible. It is the 
statistical work of the General Register Office that is in
creasingly becoming the most important patt of its duties, 
and it is no disrespect to the distinguished holders of the 
Registrar General's office to suggest that a general adminis
trative training is no Ionger an adequate qualification for the 
headship of an office engaged on increasingly complex and 
technical work. It is difficult to understand why the recom
mendations of the Royal Garnmission on Population in this 
field have been completely ignored by politicians and civil 
servants alike. Our system of fertility statistics has reached a 
high standard of accuracy and completeness of collection, but 
it has been slow to change. Improvements would be made 
much easier if a change in administrative structure could be 
made. 

DISCUSSION 

PROFESSOR GREBENIK, referring to a suggestion about the 
need for an extension of fertility surveys, agreed that it was 
desirable that the General Registrar's Office should undertake 
small-scale sample surveys into aspects offertility. He thought 
it extremely noticeable that in the series on medical and 
population subjects, the GRO had been concerned very much 
more with problems of mortality and morbidity than with 
fertility. Indeed, he was not aware of any study that the 
GRO had made on fertility. He thought this might not be 
unconnected with the fact that we were all agreed in what we 
thought about mortality: we were agin it; but we were not 
all agreed on what we thought about fertility. Our attitude 
was ambivalent and politicians and civil servants were 1oth 



12 BIOLOGICAL ASPECTS OF SOCIAL PROBLEMS 

to touch it. However, Professor Grebenik said, he would not 
go all the way with the questioner in saying that we should 
not try to extend the large scale collection of statistics of 
factors which might influence fertility. He did, for instance, 
think that an inquiry in a population census, even (as in 
1956) on a sample basis, into such matters as the occupation 
or the work-history of married women before marriage in 
relation to their fertility, could be undertaken with great 
profit. He believed that more information about birth spacing 
could be obtained quite easily by a very simple amendment 
to the Schedule of the Population (Statistics) Act, and that 
this would give a great deal of information about the process 
of family formation. 
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PATTERNS AND TRENDS IN RECENT 
BRITISH POPULATION DEVELOPMENTS 

P. R. Cox 
Governmmt Actuary' s Department 

THE title ofthis talk suggests a range ofsubjects more sweeping 
than can adequately be surveyed within the space of half an 
hour. My remarks must therefore be limited to a selection 
of topics: and in choosing these the first consideration must 
be the object of this Symposium, which is to highlight those 
problems that are of mutual interest to biologists and social 
scientists of all kinds. 

Perhaps the most obvious way to satisfy this need would 
be to concentrate on demographic data that bear directly 
on human biology. This form of approach is illustrated by 
M. Louis Henry's paper to the Royal Society two years ago, 
for the Graunt Centenary,2 when he dealt with the natural 
intervals between births, uncontrolled family size, sterility 
and the like. Such subjects, however, require recourse to 
data from many countries and it is not really practicable to 
speak of them in relation to Great Britain alone. 

Moreover, to believe that biologists are interested only in 
purely biological population data is to do an injustice to the 
many among them who show a lively interest in, and appre
ciation of, social problems. lndeed, scientists of all types can 
readily occupy themselves with such problems if they have a 
mind to; demography at least is a relatively uncomplicated 
form of study, relying as it does mainly on observation, classi
fication and exposition. A good knowledge of, and careful 
adherence to, the facts are particularly important. 

Bearing this in mind, some interesting inquiries may be 
pursued by searching carefully through the mass of published 
population data in an attempt to track down any stable 
patterns, or uniform trends, which on a careful appraisal 
seem to be genuine, to be capable of rational explanation, and 
to bear a sufficiently recognizable relationship to other happen
ings to give some hope of predicting, rather than just guessing, 
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14 BIOLOGICAL ASPECTS OF SOCIAL PROBLEMS 

the course offuture events. It is ofthree small pieces ofresearch 
of this kind that I now propose to speak. Each is related to a 
principal demographic feature ofthe present day. My remarks 
are necessarily personal andin no way in an official capacity, 
and the data used will relate to England and Wales exclusively. 

To start with marriage; the recent experience in this 
country may be briefiy characterized by the proportions 
married at specimen ages for each sex. Table I shows that the 
proportions varied relatively little between 1911 and 1931-
it is surprising that the war of 1914-18 had so little effect, 

TABLE I 

PROPORTIONS MARRIED 1911--61 
England and Wales 

AoE 1911 1921 1931 1951 1961 

25 Men ·37 ·41 ·37 ·53 ·60 
Warnen ·46 ·48 ·48 ·71 ·79 

35 Men ·77 ·80 ·83 ·84 ·84 
Warnen ·74 ·73 ·75 ·83 ·88 

45 Men ·82 ·84 ·86 ·88 ·88 
Warnen ·73 ·74 ·73 ·79 ·84 

particularly for women-but by 1951, and again by 1961, 
they had increased materially. 

The figures show that women marry younger than men but 
also suggest that fewer of them ultimately have done so. The 
post-war increase is most marked at age twenty-five and least 
evident at age forty-five; a point of particular interest is that 
it is greater for women than for men. 

External infiuences, such as economic developments, 
have almost certainly operated upon the marriage experience, 
but would be expected to affect men and women similarly. 
An interesting question, therefore, is whether the differing 
tendencies for the two sexes can be explained in terms of the 
changing balance of their numbers (it happens that for a 
variety of reasons this balance is altering rapidly and a pre
ponderance of women is changing over to a preponderance of 
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men). In this cannectian it is significant to laak at the cam
parative ages of men and warnen at marriage, and Table II 
shows same specimen figures far 1931 and 1961. 

It might reasanably be suppased that the distributian of 
preferences of marrying men far brides of given ages, and that af 
marrying warnen far bridegraarns of given ages, were canstant 

TABLE II 

PERCENTACE DISTRIBUTIONS OF AGES OF 8POUSES AT J'vfARRIAGE, 

J93J AND )96) 

Sex of one Spouse and 
age ofthat Spouse at 

Marriage 

England and Wales 

Distribution of other Spouses according to their 
age at Marriage 

16--19 20-24 25-29 30-34 35-39 40 and Total 
over 

MEN 20-24 1931 18 68 
58 

13 
5 

100 
100 

25-29 

30-34 

WoMEN 16--19 

20-24 

25--29 

1961 36 

1931 
1961 

1931 
1961 

1931 
1961 

1931 
1961 

1931 
1961 

4 
14 

2 
6 

12 
19 

I 
2 

48 
59 

24 
35 

67 
65 

51 
60 

16 
21 

41 
21 

42 
31 

18 
13 

40 
30 

57 
43 

6 
5 

24 
18 

2 
2 

7 
6 

19 
22 

6 
7 

5 
9 

100 
100 

2 100 
3 100 

100 
100 

100 
100 

3 100 
5 100 

elements: yet in fact during a periad of thirty years cansider
able changes accurred. Men, whatever their age at rnarriage, 
were choosing partners in rnarriage about one-and-a-half 
years yaunger (an the average) in 1961 than in 1931; warnen, 
toa, have carne to chaase yaunger partners, althaugh for thern 
the change is srnaller--only abaut half a year. Is this a bia
lagical development, assaciated perhaps with earlier rnatura
tion, or has sorne other cause been at wark? In order ta 
exarnine further the possible influence of the balance af the 
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sexes available for marriage, it is desirable to define the con
cepts of ' supply ' and ' demand ' in relation to marriage 
partners. Let the demand at a given age be represented by 
the numbers of either sex at that age who are unmarried. 
Then the supply should have regard to a distribution of ages 
of partners of the kind shown in Tab1e II; Iet it be represented 
by the numbers unmarried among the other sex weighted with 
the proportians in which the other sex are chosen. Thus for 
men aged twenty to twenty-four, for instance, the supply in 
1931 was 18 per cent ofthe numbers ofwomen aged sixteen to 
nineteen, plus 68 per cent of warnen aged twenty to twenty
four. and so on. Here are the total figures of supply and 

YEAR 

1931 
1941 
1951 
1961 

TABLE III 

SuPPLY AND DEMAND IN RELATION TO MARRIAGE PARTNERS, 
1931--61 

England and Wales 

MEN WoMEN 

Demand Supp1y Ratio Demand Supp1y 

4636 5781 1·25 4907 4190 
4386 4873 1·ll 4179 4057 
3864 3964 I-03 3346 3382 
3720 3729 J.()() 2820 3069 

Ratio 

0·85 
0·97 
1·01 
1·08 

demand on this basis. They include widowed and divorced 
persons, and relate to demand arising at ages fifteen to 
forty-four. 

For men, dcmand and supply have come reasonably in 
balance, as a result of the changes that have taken place in 
the preference proportions. If, however, the 1931 preference 
proportians had remairred unchanged, the ratio of supp1y to 
demand formen would have fallen to 1·06 by 1941, 0·95 by 
1951 and to 0 ·80 by 1961. So, in order to find enough partners, 
men have had to marry younger warnen. The changes in the 
relative ages of marriage partners cou1d thus be interpreted 
not as a biological development but as the effect of a simple 
balance of numbers. 

For warnen, the smaller changes in the age-distribution 
of partners that have occurred have not been important in 
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the same way, as even on the 1931 distribution the supply in 
1961 would have exceeded the demand by 4 per cent. The 
product of the ratios for the two sexes is nearly constant in 
time. The changes that have occurred for women might be a 
reflection of the developments for men, which would be in 
accordance with the generally accepted notion that it is the 
man who takes the Iead in such matters. 

This analysis offers little direct help in the estimation of 
future marriage trends generally, but at least it illustrates 
how the assumptions on which population projections are 
founded need to be tested for consistency between the sexes, 
having regard to the numbers likely to be available for marriage 
from time to time. 

My second subject is that of fertility. It is one of special 
importance, and the shifting patterns and prospects in Britain 
are of perennial interest. Figure 1 is in the form of a graph 
and shows the course of the numbers of births over the last 
twenty years. Their low Ievel before the Second World War, 
the wartime rise and the post-war peak have all been discussed 
fully in recent years. But now there is a new feature-the 
steady and substantial rise in births since 1955, not preceded 
by any corresponding increase in the numbers of marriages. 

The implications of this most recent change for population 
projections, and for the future possibilities they depict, are 
far-reaching, as Figure 2 shows. Up to 1955 there was 
little or nothing in the data, in the published literature, or in 
anyone's experience to suggest otherwise than that a peacetime 
plateau had been reached. The officia1 projection published 
in 1954 was accordingly based on the assumption that births 
would stay at their current Ievel, subject to a gentle fall 
reflecting a s1ight diminution in the nurober ofmarried coup1es. 
When the upward movement in births began, no one cou1d be 
sure whether or not it suggested a minor fluctuation, and at the 
start at least the most reasonab1e assumption was that it did. 
Thus, the projection marle from the year 1958, for instance, 
assumed that the numbers of births would, in general, remain 
at the Ievel they had reached. 

With the passage of time, however, it has become evident 
that this is no small variation but a major development; 
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only as such can the sharp increase of 20 per cent or more 
in births be interpreted. Indeed, there seems now to be no 
special reason for supposing that the trend will speedily be 
reversed, although of courseit is unlikely to continue unchecked 
for an indefinite period. Hence, the most recent published 
projection now assumes that the number ofbirths will continue 
to increase, though less rapidly than of late. A rise of one-third 
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is expected by the end of the century, but much of this is 
attributable to the growth in the number of parents, which is 
itself a consequence of the recent developments and their 
expected continuation during the next few years. (The 
immigrationpietute has also changed the outlook somewhat.) 

The implications of these changes of outlook are striking, 
as Table IV shows. The effects grow with the number of 
years one Iooks ahead. Even by 1963 the population had 
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increased by two million over the expectation. By the 1970s 
there is a rise offive million (10 per cent) and at the end ofthe 
century the difference is no less than 18 million persons, or 
as much as 40 per cent. In view of these differences, and more 
particularly because it is desirable that everyone should 
understand what is happening to-day, analysis of the trend of 
births and fertility is specially vital. 

Perhaps the most significant factors with which fertility is 
associated are age at marriage, length of time married and the 
date of marriage. Let us consider first how completed family 
size has been associated with age at marriage from time to 
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time. The number of children per couple has varied a good 
deal during the present century. For instance, women married 
under age twenty during 1900-09 had an average of five 
children in all whereas those married as young to-day have 

TABLE IV 

PROJECTED TOTAL POPULATION OF ENGLAND AND WALES 

Y ear from which 
projection was made Projected Population for Year-Millions 

1963 1973 1983 1993 2003 

1953 45 46 47 46 46 

1958 46 48 50 51 53 

1963 47. 51 55 59 64 

• Actual. 

three. Those married at 25-29 in the early years of the century 
had nearly three children on average but this has fallen to 
two (Table V). It might reasonably be supposed that the 
proportionate differences in family size between younger and 

TABLE V 
AVERAGE CoMPLETED FAMILY SxzE: ENGLAND AND WALES 

DATE OF MARRIAGE 
AGE OF WIFE AT 

MARRIAGE 1900-09 1910-14 1915-19 1929 1939 

Under 20 5·2 4·6 4·0 3·4 3·1 
20-24 3·8 3·4 3·0 2·4 2·2 
25-29 2·7 2·4 2·1 1·7 1·7 
30-34 2·1 1·8 1·7 1·2 1·2 
3!)L39 1·3 1·1 1·0 0·7 0·6 
40-44 0·7 0·5 0·4 0·2 0·2 

older marriages have diminished over the years. In fact they 
have remained relatively constant, as Table VI shows. 

The data exhibited in Tables V and VI derive from 
two separate sources of information, with slightly different 
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characteristics, and their results are not perfectly consistent at 
the point of contact-the year 1929. Nevertheless, the picture 
is broadly representative. 

In theory a shift of a certain proportion of first marriages 
from one age to another in Britain need not make any difference 
to the size of the fami1y the couple may have, in view of the 
fact that family planning is very widely and successfully 
employed in this country. In practice, the effect of the planning 

TABLE VI 

RELATIVE CoMPLETED FAMILY S1zE ACCORDING TO AoE OF WoMAN 

AT MARRIAGE AND CALENDAR YEAR OF MARRIAGE 

England and Wales 

AoE oF WoMAN AT MARRIAGE 

YEAR WHEN 

MARRIED Under 20 20-24 25-29 30-34 35-39 40-44 

1900-09 100 74 52 40 24 13 
1910-14 100 74 51 40 24 10 
1915-19 100 74 52 42 25 10 
1920-24 100 74 52 41 24 II 

1929 100 69 48 34 19 7 
1934 100 68 49 34 21 II 
1939 100 72 57 40 20 5 
1944 100 78 64 47 24 8 
1949 100 70 56 40 22 7 

has been to reduce family size by a constant proportion all 
round rather than to produce a 'target' number of (say) 
two children for couples of all ages. One result of this is that 
as the age-distribution of marriages becomes younger, the 
average family size for all married women grows, and the 
effect is appreciable: perhaps up to 10 per cent in all. 

There are some interesting minor variations in Table VI, 
such as the ' closing up ' in the age differences around 1944 
and the 'fanning out' that has occurred since then, but it is 
to the comparative steadiness of the ratios rather than their 
divergence that attention seems most worth directing for 
present purposes. 
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The next table illustrates the effect on fertility of the length 
of time married: 

TABLE VII 

PROPORTION OF TOTAL CHILDREN IN FAMILY BoRNE BY SPECIFIED 
DURATIONS OF MARRIAGE 

England and Wales 

ALL AoEs AT AoE OF MoTHER AT MARRIAGE 
NuMBER MARRIAoE 

OF ~ Under 20 20-24 25-29 
YEARS Married in Married in Married in Married in 

MARRIED 1929 1939 1949 1929 1939 1949 1929 1939 1949 1929 1939 1949 

1 ·18 ·12 ·15 ·19 ·14 ·15 ·17 ·11 ·14 ·16 ·12 ·16 
2 ·30 ·23 ·29 ·28 ·22 ·27 ·30 ·21 ·28 ·30 ·23 ·31 
3 ·39 ·32 ·39 ·35 ·31 ·36 ·38 ·30 ·38 ·41 ·33 ·42 
4 ·47 ·40 ·48 ·41 ·37 ·44 ·46 ·38 ·47 ·50 ·43 ·52 
5 ·54 ·48 ·56 ·47 ·43 ·51 ·53 ·47 ·55 ·58 ·52 ·62 
6 ·61 ·56 ·64 ·52 ·50 ·58 ·59 ·54 ·63 ·66 ·60 ·69 

11 ·83 ·85 ·88 ·73 ·74 ·81 ·81 ·85 ·87 ·88 ·91 ·93 

16 ·94 ·95 ·96 ·86 ·91 ·90 ·94 ·96 ·98 ·98 ·99 ·99 

21 ·99 1·00 1·00 ·97 ·98 ·99 1·00 1·00 1·00 1·00 1·00 1·00 

26 1-00 1·00 1·00 1·00 1-00 1·00 1·00 1-00 1·00 1·00 1·00 1·00 

The influence of the Second World War in slowing down 
the family building of couples married in 1939 is evident, 
as also is the fact that younger couples necessarily take Ionger 
to complete their (!arger) families than do those who marry 
at older ages. These points apart, there is a considerable 
stability of pattern in the figures but, even so, to predict the 
completed family size from the progress of coup1es in the first 
few years of marriage must remain a somewhat hazardous 
process. 

If these are some of the principal features of fertility trends 
in this country in the Ionger term, what can be said of the most 
recent short-term movements? Do they reflect the same 
pattern, or is a newconfiguration being set up? A few specimen 
fertility rates are shown in Table VIII. A detailed analysis 
of the full series of figures discloses that the rates have grown 
year by year since 1955. They have also increased for all ages 
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TABLE VIII 

RECENT FERTILITY RATES CLASSIFIED BY AGE OF MOTHER AT 

MARRIAGE AND DURATION OF MARRIAGE 

England and Wales 

DuRAnoN AGE AT MARRIAGE 

OF MAR-

RIAGE IN Under 20 20-24 25-29 30-34 
YEARS 1955 1958 1961 1955 1958 1961 1955 1958 1961 1955 1958 1961 

0 ·418 ·433 ·480 ·260 ·275 ·293 ·251 ·275 ·304 ·234 ·247 ·275 
3 ·260 ·265 ·283 ·212 ·229 ·257 ·193 ·222 ·249 ·163 ·162 ·191 
6 ·178 ·195 ·191 ·141 ·159 ·166 ·120 ·135 ·145 ·077 ·085 ·088 
9 ·119 ·128 ·136 ·083 ·091 ·100 ·066 ·070 ·076 ·027 ·029 ·033 

12 ·074 ·085 ·091 ·051 ·056 ·060 ·030 ·035 ·034 ·006 ·007 ·004 
15 ·058 ·055 ·062 ·031 ·034 ·036 ·012 ·012 ·014 ·001 ·001 

at marriage, for all sizes of family, and for all durations of 
marriage. Some summary figures are given in Table IX: 

TABLE IX 

PERCENTAGE INCREASES IN FERTILITY RATES, 1955--61, CLASSIFIED 

ACCORDING TO V ARIOUS CHARACTERISTICS 

England and Wales 

I. AGE OF MoTHER AT MARRIAGE Under 20 
20-24 
25-29 
30-34 

2. PARITY OF MoTHER No children 
One child 
Two children 
Three children 

3. DuRATION OF MARRIAGE 0-2 years 
3-5 years 
6-8 years 
9-11 years 
12-14 years 

13 
18 
20 
14 

8 
17 
22 
20 

15 
16 
17 
19 
17 

Of these developments, by far the most uniform is that 
related to duration of marriage; and this suggests that the 
change is essentially a secular one. In other words, the recent 
rise in fertility is essentially a function of the calendar year of 
experience. A corresponding analysis arranged according to 

c 
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the experience of couples married in successive years shows 
fiuctuations between these cohorts which suggest that their 
fertility over this period is more directly associated with the 
calendar years during which they have been married women 
than with the date of their marriage as such. 

The recent fertility increases are rather smaller for the 
youngest marriages than for the older ones. They are also less 
marked for first children than for second, third and fourth 
children, a feature that suggests a definite (if small) trend 
towards a larger family size. In this, and some other respects, 
the current developments do seem to be exhibiting some novel 
features as compared with the long-term patterns. 

A short-term change that appears to be related mainly 
to the calendar years passed through would appear likely tobe 
the direct result of an ' extemal ' infiuence such as the state 
of the economy, the housing situation or a change in fashion. 
From this one Inight suspect it to be in the nature of a tem
porary fiuctuation. Nevertheless, the possibility of a beginning 
of a new long-term development certainly cannot be wholly 
excluded at this stage. What then are the implications for 
the future? It does not seem very likely that the recent 
upward movement in the numbers of births will be speedily 
reversed into a decline. Indeed, the increases might well 
ease off gradually, and a new plateau be reached in a com
paratively short time. These conclusions are neither unex
pected nor revealing and could well have been drawn without 
making any detailed study of the figures. Indeed, while it is 
possible to illustrate the fertility developments by means of 
demographic data, it is hardly practicable to explain them in 
this way. Possibly a careful econoinic analysis would be 
capable of throwing more light on the matter, but this also 
could hardly provide an accurate method of forecasting the 
future. 

I now turn to mortality, and Table X illustrates the 
principal features of recent developments in the death rate 
from all causes in England and Wales. The comparativc 
steadiness in male mortality at age fifty-five and over is evident. 

In the latest of their series of impressively thorough 
investigations of the statistical associations between smoking 
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and mortality, Sir Austin Bradford Hili and Professor Doll 
came to the conclusion that " one of the striking character
istics of British mortality in the last half century has been the 
Iack of improvement in the death rate of men in middle life. 
In cigarette smoking may lie one prominent cause."3 This 
Statement was based mainly on a direct association between 
the number of cigarettes smoked and the chance of death 
from ( 1) carcinoma of the bronchus, (2) chronic bronchitis, 
and (3) coronary thrombosis. 

TABLEX 

DEATH RATEs BY SEx AND AoE (PER 1000) 
England and Wales 

MEN WoMEN 

34-44 45-54 55--64 65-74 35-44 45-54 55-64 65-74 

1926-30 6·2 11-6 24·4 58·3 4·7 8·4 18·0 44·4 
1936-40 5·0 11·0 25·0 56·8 3·8 7·5 16·5 41·8 
1946-50 3·2 8·6 22·4 51-6 2·6 5·5 12·8 34·4 
1956-60 2·4 7·4 21·9 53·7 1·8 4·5 10·9 30·7 

Mr R. E. Beard, in an ingenious demonstration delivered 
to the Royal Society in 1962,1 analyzed the course of lung 
cancer death rates by age and sex over the last fifty years 
and showed that they could be regarded as being composed 
of an age component, a component varying with the calendar 
year, and a generation element dependent on the year in 
which the person was born. These components, when multi
plied together, reproduced the death rates. He suggested 
that the generation element could weil represent the proportion 
of persons who smoke cigarettes and the secular element the 
amount smoked per head; and indeed he was able to correlate 
his factors with measures of the volume of smoking. Both these 
elements have increased over the years, and thus their effect 
on the death rate is two-fold. 

It seems a worthwhile exercise to attempt to apply Beard's 
analysis over the wider range of causes of death now shown 
by Bradford Hili and Doll to be relevant. This can be done 
in a variety of ways. One possibility is to use his method in 
relation to the death rates from chronic bronchitis or coronary 
thrombosis, or to the two causes combined. These rates are 
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considerably higher than those for lung cancer, and their 
distribution by sex, age and time is different from both that 
of lung cancer and from that of each other. The statistics 
of deaths from these two causes have, however, been consider
ably affected by changes in classification over the years, and 
it is not possible to identify coronary disease as such 
in British data before about 1930. Moreover, some of the 
deaths from these causes are probably attributable to factors 
other than smoking; for instance, overweight, or large con
sumption of alcohol or sugar have been adduced as correlated 
conditions. For these and other reasons I doubt whether it is 
really of value to apply Beard's analysis to the recorded data 
of deaths from coronary thrombosis or chronic bronchitis. 

There is, however, another group of ways in which the 
question may be tackled. The absolute, or proportionate, 
improvements in women's mortality from all causes can be 
calculated, age by age, over the last fifty years, and compared 
with the corresponding figures for men. A study can then be 
made of the characteristics of the extent to which any improve
ment in the men's experience has failed to keep pace with that 
in the women's. This course has the advantage that the results 
are unaffected by changes in the rules for classification by 
cause, or in practice in so classifYing deaths, or in the method of 
dealing with multiple causes. It does, of course, suffer from 
the disadvantage that the relative Iack of improvement for 
men, as compared with women, may well be associated in 
some degree not with all men's smoking but rather with the 
excess of men's smoking over women's smoking. It seems, 
however, from the evidence quoted by Beard, that even to-day 
the ratio of tobacco consumption of women to that of men 
is only one-third or less: and that in the past it was much 
lower; women's deaths from lung cancer even now amount 
only to about one-sixth of men's; the disadvantage is not, 
therefore, a serious one. 

The analysis may be applied to either of the following 
functions for all ages and years of experience: 

(a) The actual fall in women's mortality rate since a given 
base year minus the actual fall in the men's rate, or 
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(b) The percentage diminution in women's mortality since 
a given year minus the corresponding percentage for 
men: the result to be multiplied by the men's rate in 
the base year. 

Let us suppose that in 1911 the rates for men and warnen 
at a given age were respectively ·0100 and ·0080, and that by 
1961 the corresponding rates were ·0060 and ·0032. Then the 
first method produces a result of ·0048 (the fall for warnen) 
minus ·0040 (the fall formen) or ·0008, while the second method 
produces ·0100 X (60 percentminus 40 per cent) or ·0020. For 
a variety of reasons it seems better to work to method ( b) 
-the percentages-and the data are as follows taking 1910-12 
as the base period : 

YEARS 

1921-25 
1926-30 
1931-35 
1936--40 
1941-45 
1946-50 
1951-55 
1956-60 

TABLE XI 

PERGENTAGE FALL IN MORTALITY SINGE 1910--12 FOR WOMEN 

MINUS THE PERGENTAGE FALL FOR MEN 

England and Wales: All Causes 

AoE GRouPs 
--, 

35-39 40-44 45-49 50--54 55-59 60-64 65-69 70--74 75-79 80-84 

3 4 3 2 3 2 4 2 
3 7 6 2 2 2 5 6 7 2 

-1 3 5 5 6 2 6 5 7 5 
3 4 6 II 13 10 8 8 II 12 
3 4 7 II 15 16 12 10 9 9 

- I 2 8 12 I 7 22 16 II 9 9 
I I 6 16 21 24 24 19 16 12 
2 2 5 14 25 26 23 23 16 16 

At ages below thirty-five many of the figures are negative. 
A study of these figures, in comparison with the 1ung 

cancer death rates operated upon by Beard, discloses that they 
are less smooth in their progression from age to age or from 
year to year. Moreover, they advance more rapidly with 
increasing age than the lung cancer rates do, and in the Table 
the secular trend is much flatter at the younger ages than it is 
at the old-a more intractable complication than confronted 
Beard. 

The technical problern of finding age, secular and genera
tion functions whose products will approximate to this series 
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of numbers is of relatively minor interest, especially as effective 
tests of significance of fit are hardly applicable. What is of 
much more significance is to discover whether the underlying 
influences revealed by the analysis are similar to those disclosed 
by Beard. If these influences proved to be exactly the same, 
then both his thesis and that of Hill and Doll would be strik
ingly confirmed. In fact, the dissimilarity of the two sets of 
data rules out very striking confirmation, owing no doubt, 
inter alia, to other causes of difference between the sexes in 
the progression of their mortality rates. Nevertheless, the 
results are quite interesting. It is possible to arrive at an 
approximate presentation of the figures as the product of age, 
secular and generation factors as the following specimen 
results show: 

TABLE XII 

ACTUAL AND ExPECTEn PERCENTAGE MoRTALITY DIFFERENCES 

England and Wales 

YEARS AGE GROUPS 

40--44 50-54 60--64 70-74 
~ ~ ~ ~ 

Ex- Ex- Ex- Ex-
Actual pected Actual pected Actual pected Actual pected 

1921-25 4 2 2 3 2 2 
1926--30 7 3 2 4 2 4 6 4 
1931-35 3 4 5 7 2 4 5 5 
1936--40 4 4 II 10 10 8 8 5 
1941-45 4 4 II 10 16 15 10 6 
1946--50 2 4 12 12 22 21 II 12 
1951-55 1 3 16 13 24 21 19 21 
1956--60 2 3 14 11 26 25 23 29 

The degree of correspondence between the expectation and 
the reality is less close than that achieved by Beard, but when all 
the figures are studied it can be seen that, broadly, the pattern 
of the actua1 rates is reproduced by the expectation. What, 
then, is the make-up of this pattern? The basic elements are 
shown in Table XIII. First, it is possib1e to obtain a better 
representation by omitting a secu1ar trend than by including 
one. Secular influences seem to have operated only in special 
periods such as 1916-20, with its influenza and war deaths. 
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Secondly, the changes from each successive generation to the 
next are less steep than Beard's; thirdly, the age-gradient is 
more marked than his. 

The flatter generation development now disclosed, and the 
absence of a long-term secular factor, are not inconsistent with 
an association with smoking, bearing in mind that the differente 
between the smoking ofmen and warnen has probably increased 
less rapidly than the smoking of either. But the experience 

TABLE XIII 

COMPARISON OF PATIERNS BY FACTORS BY AGE AND YEAR OF ßiRTH 

WITH THOSE OBTAINED BY ßEARD 

CENTRAL AGE Beard Cox YEAR OF BIRTH Beard Cox 

37 2 I 1846 I I 
42 5 5 1856 2 3 
47 12 9 1866 4 4 
52 27 22 1876 10 10 
57 56 50 1886 28 25 
62 100 100 1896 43 30 
67 155 211 1906 63 27 
72 202 329 1916 69 27 
77 260 725 
82 287 1438 

cannot be dissected so neatly and convincingly as that in respect 
of lung cancer by Beard. In one respect the new analysis 
presents an interesting and perhaps satisfying feature: the age 
factors follow an exponential function at least up to age 80-
in other words they obey the ' law ' of Gompertz-whereby 
the ratio of increase in mortality from age to age is constant. 
This suggests that the data could be a heterogeneaus continua
tion of specific factors, such as the association between smoking 
and carcinoma of the bronchus. 

lt is now time to draw the threads together. Marriages 
are taking place at younger ages than before, and the relative 
ages of the brides and bridegrooms have adapted themselves 
to the needs of men to find mates for themselves in a changing 
demographic situation. A study of fertility shows that some 
of the patterns established during the first half of the present 
century could be undergoing some change in the recent 
uprising in births, although it is not possible to be certain what 
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will happen in future. An investigation into the severe check 
to the improvement in man's mortality rates in middle life, 
in comparison with the continued advance in the longevity 
of women, reveals that it follows a pattern that could be 
associated with the excess smoking of men. 

While these analyses touch upon important demographic 
questions of the day, they by no means exhaust the possibilities 
of research. In particular, we Iook forward to the publication 
of the results of the 1961 Census, especially in relation to 
fertility, when a new picture of the recent rise in the birth rates 
will be revealed, including an account of the way in which 
class-differentials have developed. 
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RECENT TRENDS AND PERSPECTIVES 
IN WORLD POPULATION GROWTH 

HALVOR GILLE* 

Office of Social Affairs, United Nations, Geneva 

NE VER before has so much attention been given, nationally as 
well as internationally, to population trends and their economic 
and social implications. The accelerating population growth, 
particularly in the low income pre-industrial countries, is 
causing increasing concern, in view of the large populations 
involved (more than two-thirds ofthe total world population), 
the prevailing acute economic and social problems and the 
widening gap between the levels of living in these areas, and 
those in the economically advanced countries. Embedded 
in the present demographic situation are even higher rates of 
population growth which are bound to be of crucial importance 
for the economic, social and political conditions under which 
mankind will live. 

The present world population of about 3300 million people 
is increasing by 70 million a year. At this rate the world 
population will double in barely thirty-five years. Never 
before has mankind experienced such rapid population growth. 
In the Middle Ages the population increase was erratic but 
as a whole very small-equivalent merely to a doubling of the 
population over a time span of a thousand years. In the 
nineteenth century the rate ofgrowth increased slowly, amount
ing on the average to one-half of one per cent per annum. 
In the period between the two world wars world population 
increase was araund 1 ·1 per cent. Soon after the end of the 
last war it began to climb rapidly and to-day it has almost 
doubled at 2 ·1 per cent. 

The rates of population growth are, of course, far from 
being the same in various parts of the world. If we take as a 
whole the less developed countries mainly in Africa, Asia 
and Latin America, we find that they hav~ a population 

* The views presented in this paper are the author's, and not necessarily 
those of the United Nations. 
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increase of more than 50 per cent over that of the economically 
advanced countries. In Central America and the Caribbean 
region, population growth is almost 3 per cent a year and the 
population of Latin America and South East Asia is growing 
at a rate nearly as high (2·7 per cent). In these regions a 
number of countries experience at present a rate of increase 
around 3! per cent or more, and have to face the fact that their 
population at the present rate tends to double in twenty years or 
sooner. In contrast, the European countries have a very modest 
rate of growth--on the average less than 1 per cent a year. 

The rapid increase in world population growth in recent 
years has been caused mainly by the spectacular decline in 
mortality in the less developed countries. Important improve
ments in health conditions and the development and appli
cation of efficient methods of prevention and eure of diseases 
which can be easily applied at a low cost in these countries 
have, since the Second World War, brought about a revolu
tion in mortality and morbidity. The gains are greatest in 
infant mortality. In some countries of Asia, Latin America 
and Mrica, the expectation of life at birth has increased on an 
average by one year or more per annum. Such substantial 
gains have been made, for example, in Mexico, Mauritius, 
Ceylon and Japan. As a comparison, it might be mentioned 
that the mortality decline in the now advanced countries 
during the demographic transition was far more modest
in Sweden, for example, the life expectancy in the nineteenth 
century only increased by about two years per decade. 

In spite of the recent great gains in mortality in the develop
ing countries, there are many areas where the Ievel is still 
fairly high. In a number of Mrican countries the death rate 
is over 30 per thousand, more than three times the rate 
for many of the advanced countries. In all areas in West and 
Central Africa, life expectancy at birth is estimated to be 
as low as between thirty and forty years; in many of these 
countries one-fourth of all Iive-born children die before they 
are one year old. (In an economically advanced country 
like Sweden, the life expectancy is nearly seventy-five years 
and only one out of seventy Iive-born children do not reach 
the age of one.) 
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Besides the unprecedented mortality decline, the important 
feature of the present demographic situation in the world is 
the general stability in the level of fertility or the absence 
generally of any decline in the birth rate, particularly in the 
less developed countries. On the average, the birth rate in 
these countries is about twice as high as that in the economically 
advanced regions on the world. Birth rates of above 35 
per thousand of the population are, with very few excep
tions, found in the regions of Africa, Asia and Latin America. 
There are, however, no uniform levels of fertility, as there are 
of mortality; this is particularly true in the less developed 
countries. In several African areas, birth rates of 55 to 
60 or more are found, such as in Guinea, Mali and Niger. 
For the whole of West Africa, the estimated birth rate is 54 
per thousand. At the same time, in some areas of Africa, 
such as Zanzibar, Mauritania, Gabon and Basutoland, the 
birth rate is only 40 or slightly less. In all countries in 
North America and Europe, as well as in the Soviet Union, 
the birth rate is below 25-in some countries as low as 
13 or 14 per thousand. 

While there have been important declines and increases 
in the birth rate in the economically advanced countries in 
recent decades, the data available for the less developed regions 
give little indication of any major changes in the high levels 
of fertility, merely showing fluctuations in the birth rate 
from year to year. Apart from Japan, where a spectacular 
fertility decline has taken place since the last war, there are 
few examples of any major decline in birth rate, although a 
declining trend seems to be on the way in isolated cases such 
as Puerto Rico, Taiwan and Malaya. On the other hand, 
some cases might be cited which indicate a rise in birth rates 
in recent years, particularly in the Caribbean and Central 
American regions, although in some of these countries it may 
be due rather to an improvement in the recorded statistics 
than to a real increase. 

In the absence of any significant declines in fertility in 
the major regions of the world, the spectacular declines in 
mortality have resulted in the rapid world population growth 
we are faced with to-day. The effect upon population growth 
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has been very pronounced as the improvement in mortality 
has to a major extent taken place at the younger ages. An 
increase in life expectancy from the low Ievel of thirty to forty 
years will tend to raise the rate of population growth by nearly 
1 per cent but a similar improvement in life expectancy from 
fifty to sixty years will tend to increase population growth by 
only one-half of 1 per cent and from sixty to seventy years 
by even less. 

The potentiality of the upward trend in population growth 
in recent years has only slowly been recognized-even by 
demographers. The results of the population censuses held 
almost everywhere in 1960 or 1961 came as a surprise in many 
developing countries; in more than sixty of them it was found 
that the census results were above the estimated population; 
this was mainly due to an und er evaluation of the decline in the 
death rate in the pre-census period. The total under estima
tion exceeded 40 million people, the biggest gap being found 
in India and Pakistan. Another example is the United Nations 
population projections published in 1958. Three sets of pro
jections (high, medium and low) were prepared. In the few 
years which have passed, even the high series for the world as a 
whole has been shown to be too low-falling more than 4 per 
cent below the estimated actual population at present. 

The regions with a high rate of population increase are 
also those with a large proportion of the population in the 
younger age groups due to the high Ievel of fertility. In most 
low-income countries, araund 40-45 per cent of the population 
is at present under fifteen years ofage. There are even countries 
where half of the population is below this age. The large 
number of children and the heavy dependency burden is one 
of the most important handicaps to economic and social 
development of these countries. While the productive age 
groups in the Scandinavian countries have to support, on an 
average, only one person for every three of productive age, 
the ratio between these two population groups is two to three 
in the low-income countries. 

Countries with a rapid population growth will have to 
spend an increasing amount on food, clothing, housing and 
other necessities merely to maintain the rising population, 
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leaving less for development purposes and improvement in 
the miserably low levels of living. In Asia, the rise in food 
production since the last war has barely kept pace with 
population growth, and the output per caput does not as yet 
exceed the pre-war level. 

The major importance of the present high rate of popu
lation growth is the prospect of continued and even higher 
rates in the near future. In spite of the recent spectacular 
gains in mortality in many countries, there are still great 
improvements to come in the near future. Recent achieve
ments in public health have clearly shown that a vigoraus 
government policy, with assistance from abroad, can have an 
effective impact. No government in a developing country 
can avoid, in the lang run, the implementation of a vigoraus 
policy in this regard, if it does not succeed in making major 
improvements in economic conditions. A low level of mortality 
may therefore be expected to become general before too lang. 

However, in spite of further declines in mortality in the 
near future, the rate of world population growth will not 
continue to accelerate. Mortality decline in most of the 
developing countries in Asia and Latin America will, to an 
increasing extent, be in the higher age groups and therefore 
have a limited impact upon population growth. Furthermore, 
the mortality decline will tend to slow down as low levels are 
being approached; it is no doubt more difficult to raise the 
life expectancy from fifty to sixty years and over than to increase 
it from thirty to forty years or from forty to fifty years, as lang 
as the living conditions in these countries are low and improve
ments therein are made at a slow pace. 

It is not likely that the high rates of population growth 
will be checked in any country by a reversal of the mortality 
trend. Fears that this may happen are sometimes expressed 
in connection with a general concern about the unfavourable 
effects of population pressure; but, given the existing means 
of preventing and curing diseases, such a development would 
hardly be acceptable in any community for any length of time. 
In many countries, for various reasons, emigration cannot be 
expected to play a major role as an outlet for an expanding 
population as it did in Europe. That leaves us with fertility 
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as the only factor which can bring about a check in population 
growth. By reducing fertility (in terms of the gross reproduc
tion rate) to about one-halfofthe present Ievels in low-income 
countries, the rate of population growth will be about 2! per 
cent per annum lower, by and large irrespective of the actual 
Ievels of mortality and fertility. 

A most important problern is how to bring about a change 
in the age structure in these countries and reduce the depend
ency burden in order to facilitate the so-called ' take-off' for 
economic development. The fact is that a decline in mortality 
will have only a minor influence upon the age structure of the 
population; ifanything, it will tend to increase the proportion 
of the population in the younger age groups, particularly 
in countries where the Ievel of mortality is still fairly low. 
Therefore, future declines in mortality will only help to increase 
the economic handicaps in the developing countries. 

A favourable changeinage structure can only be brought 
about by a decline in fertility. In a population with high 
fertility (gross reproduction rate at 4) about half of the popu
lation will be under fifteen years of age in stable demographic 
conditions, while only about one-fourth of the population will 
be in that age group in a country where fertility is low, as 
in many economically advanced countries to-day (gross 
reproduction rate at 1·5). 

It is worth noting, however, that these effects of a fertility 
decline upon the rate of population growth and the age 
structure are only obtained in the long run. In a period of 
transition the picture is quite different. As an illustration, 
we may take the Asian countries of Ceylon, Malaya and the 
Philippines. A decline in fertility beginning now would only 
have a small impact upon the rate of population growth over 
many years to come. For ten to fifteen years the decline in 
fertility would, to a great extent, be counteracted by the 
expected further decline in mortality. A fertility decline of 
around 2 per cent a year would only mean that the rate of 
population growth after a decade would be around one-half 
of 1 per cent below the Ievel which would have prevailed if 
fertility had remained unchanged. However, in about fifteen 
years or more the cumulative effect would be increasingly feit, 
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as the reproductive age groups would be affected numerically 
and a rapid decline in population growth would begin. 

A similar effect is to be noted with regard to the age 
structure. A decline in fertility will only provide a major shift 
between the numerical importance of the active and inactive 
population groups after fifteen to twenty years. In the three 
countries mentioned the dependency burden will, in about ten 
years' time, still be about twice as large as in Japan, where 
the decline in fertility has been effective over a nurober ofyears. 

In discussing the prospective trends in world population 
growth the most crucial and difficult question remains: How 
soon and how rapidly can a decline in fertility be brought about 
in the developing countries? Time does not allow me to go into 
this question, and I shall merely mention a few considerations. 

High fertility patterns are not easily changed. They involve 
basic elements of human behaviour such as cultural traditions, 
family organization, econmnic needs, marriage practices, 
religious convictions and sexual behaviour. Resistance to 
change is considerable and progress is slow, particularly among 
predmninantly rural people, poorly educated as they are and 
generally living a life in isolation, often with little hope of 
improvement. A major obstacle is the difficulty of finding 
appropriate ways of communicating new ideas and knowledge 
to the rural masses. Y et another problern is to find suitable 
means and devices which can be applied in these societies on a 
large scale, and which are acceptable to the majority of the 
people. A great deal of research has still to be carried out in 
these fields. 

Although the difficulties standing in the way of a rapid 
fertility decline are great, there are on the other hand some 
favourable factors to be mentioned. Voluntary fertility control 
in various forms is not unknown in the developing countries. 
Fertility may be high as compared with European Standards 
but it is generally far below what is biologically possible. The 
very high rates of fertility found in a few exceptional cases, 
such as in the Cocos Islands and among the American Hut
terites, bring this out, as weil as the fact that in various develop
ing countries there are major differences in the Ievels of 
fertility not explained merely by differences in health conditions. 



38 BIOLOGICAL ASPECTS OF SOCIAL PROBLEMS 

Studies carried out in many different societies in recent 
years have clearly shown that there is a widespread and in
creasing desire for limiting the family size although the norms 
in most of the developing countries are still very high (about 
half of the families and in many cases two-thirds or more 
want at least four children, thus limiting the scope, of course, 
for any drastic reduction in population growth). 

The rising expectations and aspirations in these countries 
and the social change under way towards modernization and 
development will also promote the idea of limiting fertility. 
For one thing, the revolutionary improvement in mortality 
rates may bring out hopes for a better life, and the people may 
realize that fewer births are now needed to fulfil the old norms 
of family size in terms of the nurober of surviving children. 
The growing recognition of the problern of population growth 
among governments and other institutions and agencies at the 
national and international Ievels is another favourable factor 
to be mentioned. 

There is no need to paint an exaggerated picture of the 
implications of the current high rates of population growth 
and to claim that we are heading for a disaster. Actually 
some improvements in the economic and social conditions at a 
moderate rate may be possible in the developing countries even 
if population growth is not checked soon. However, the 
important fact to bear in mind is that only a lower rate of 
population growth through a reduction in fertility will make it 
possible for these countries to attain some of their economic 
and social goals. Economic models for developing countries 
indicate that in a population growing at a rate of 3 per cent 
where only 10 per cent of the national income is invested there 
will be no appreciable increase in the income per head unless 
substantia1 assistance from abroad is obtained. Only a few 
Asian countries are ab1e to spend more than 10 per cent 
of their national income on investment and a rate of population 
growth around 3 per cent is not uncommon. If the population 
was only growing at 1 per cent per annum the Ievel of living 
would rise by 2 per cent annually even at the prevailing low 
rate of savings. 

I have in this paper refrained from giving any concrete 
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estimates of the future world population. To make population 
projections is a dangerous business-in the past they have, as 
Mr Cox illustrated this morning, more often than not proved 
to be wrong. Furthermore, our knowledge about the actual 
population size and composition is rather sketchy in some areas 
of the world-in particular in mainland China. The main 
outline of future world population trends is, however, fairly 
clear in general terms. If no fertility decline should take place 
on a large scale in developing countries, the acceleration in 
population growth would continue and reach a Ievel around 
3 per cent a year before the end ofthe century. We should have 
a world population of weil over 7000 million and it would 
tend to double in only twenty-three years. More than four
fifths of the population would be in the low-income countries 
of Asia, Africa and Latin America. This, however, is .an 
unlikely development. Some fertility decline can no doubt 
be expected-but even if the decline sets in soon and with 
considerable force in the majority of the present low-income 
countries, the world population will at the turn of the century 
still be around 6000 million people. 

D 



THE TREND TOWARDS EARLIER 
PHYSICAL MATURATION 

J. M. TANNER 
Department of Growth and Developmmt, Institute of Child Health, 

Universiry of London 

DURING the last fifty to a hundred years children have been 
maturing progressively earlier in Europe, North America, 
some parts of China, and Japan. The evidence for this state
ment comes from three sources: 

1. Heights and weights of children at each year of age, 
taken usually in baby clinics or schools. These data are not 
decisive as evidence, since a tendency for children to become 
!arger at each age could merely mean that adults were becoming 
proportionately !arger also. There is additional evidence, 
however, that though adults have been getting !arger, this is only 
to a much lesser degree. 

2. The curves of rate of growth in height during adoles
cence of boys and girls followed individually or, failing this, 
of cross-sectionally studied groups of children, as in (1). 
At adolescence a spurt in growth occurs, giving a characteristic 
peak in longitudinal data. The age at which this peak occurs 
indicates a particular maturity point. 

3. The age at menarche, or first menstrual period, in girls. 
The age offirst appearance ofpubic hair in boys is a less reliable 
index of maturity, and one that has been less studied. 

I shall deal with each of these three sources of evidence in 
turn, endeavouring to give some idea of the comparative 
situationindifferent countries as to when the trend started and 
how !arge it is. I will then discuss the possible reasons for this 
trend. I shall leave the educational and socia1 implications 
for you to draw, though I have discussed them elsewhere.66 

HEIGHTS AND WEIGHTS OF CHILDREN 
AT EACH YEAR OF AGE 1880-1960 

Figure 1 shows the greater height and weight of Swedish 
schoolchildren in 1938 compared with 1883.9 I have chosen 
these data for illustration since they are very extensive (8500 
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FIGURE 1 
SECULAR TREND IN GROWTH OF HEIGHT AND WEIGHT 

Height (above) and weight (below) of Swedish girls and boys measured in 
1883 and in 1938-39. Elementary schools age 7-14, secondary schools 10-18. 
Distance curves; cross-sectional. (Data from Broman, Dahlberg and Lichten
stein, 1942, Tables 11-14) (from Tanner 67), 
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children measured in 1938, by only two measurers). As in 
most data, the secondary schoolchildren are slightly !arger than 
the children receiving only elementary education, but these 
differences are completely dwarfed by the secular trend. 
The difference 1883-1938 is weil established by age seven; 
the 1938 children are of a size corresponding to about 1! years' 
advancement in growth. When height growth ceases it is 
evident that the secular difference is less than during the 
growing period; but nevertheless it exists, as can be seen from 
the height graph for girls, since by eighteen the girls even in 
1883 have stopped growing. (They are, however, rather 
specially selected girls, since they are still in school at eighteen, 
and represent the best-off part of the population; we shall 
return to the question ofthe trend in adult height later.) 

Extensive data are available on school age children for 
Sweden 1883-1938; 1938-50,1 Norway 1920-55,64 Finland 
1916-56,65 Germany 1911-58,34,35,20 Poland 1880-1958,75,31. 47 
Austria 1935-52,60 and Czechoslovakia 1895-1951.57 
In the United Kingdom we have figures for Glasgow 
1906-55 at age nine 15 and 1906-50 at ages five, nine and thir
teen 73; London 1938-59 63; and the much earlier, but more 
scrappy data illustrated in Figure 2. There are data for New 
Zealand 1943-54,53 New South Wales 1915-54,45 Canada 
1890-1945,41.22 the United States 1880-1960.39, 40, 42. 43, 30 
There are also figures for Japan 1900-52 29, 20 and Hong 
Kong 1920-60.12 

The European and North American data are all in good 
agreement; from about 1900, or a little earlier, to the present 
time children in average economic circumstances have in
creased in height at ages five to seven by 1 to 2 cm each decade 
and at ages ten to fourteen by 2 to 3 cm each decade. Thus 
in Glasgow present-day five-year-olds are about 5 cm ( or 
2 inches) taller than five-year-olds in 1906; nine-year-olds 
some 3 inches (or 8 cm) taller than in 1906, and eleven-year
olds nearly 4 inches taller.15 In Iowa nine-year-old girls are 
also about 8 cm taller now than in 1900.43 There is an approxi
mately proportional gain in weight, and also in other bodily 
dimensions; thus shape changes have been non-existent or 
very small 35, 30; the change is in size and not proportions. 
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The data on pre-school-age children are very scanty; such 
as they are they indicate that the trend in Europe and America 
starts directly after birth and, relative to absolute size, may even 
b.e greater from two to five than subsequently.34 The last 
large series of London data however show most of the change 
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HEIGHT OF ENGLISH BOYS 1833-1958 TO SHOW SECULAR TREND 

1833 factory boys, from Cowell, quoted in Bowditch (1877); 1874 labouring 
and non-labauring classes, 1878 'Public' school (upper classes) from Roberts 
(1874, 1876, 1878), Fergus and Rodweil (1874), Galton (1874); 1955 social dass I 
and II from Birmingham Survey (Clements, unpublished); 1958 British average 
from Tanner.67 

between 1954 and 1959 concentrated between ages eight and 
fourteen with little difference at five, six or seven.63 Nearly all 
data agree in indicating that the trend is still continuing, and 
has in most areas been more marked in the last twenty years 
than in the preceding forty. In Japan it seems that the gain 
before age six has been less than in Europe, though the school
age gain is nearly up to European values. 
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The trend has been a steady one, though slowed from time 
to time by the famines of war and, to a less extent, of economic 
crisis. Evidendy it started, at least in Britain, some consider
able time before 1880, because Roberts, writing in 1876, said 
that" a factory child ofthe present day at the age ofnine years 
weighs as much as one of 10 years did in 1833 ... each age has 
gained one year in forty years." 67 

The trend in adult height 

lfadult height had remained constantall the time,Roberts's 
implied interpretation of the childhood increase would be 
correct; all the gain in children's height would be due to 
earlier maturing. The Glasgow five-year-old of 1950 would be 
(not look like, but be) the Glasgow six-year-old of 1900, the 
eleven-year-old of 1950 the 12!-year-old of 1900. In fact, 
however, there has been also an increase in adult height, 
though this is much less than the increase in height of children. 
Thus the secular trend in children's size is due chiefly to 
acceleration of the maturing process, and in a smaller degree 
to the ultimately reached adult size being greater. 

There has been some dispute about this adult height 
increase. This was because maximal height in men, some fifty 
years ago was reached only at the age of araund twenty
six28, 49 whereas now in Europe and America it is reached 
at eighteen to nineteen. Consequently we cannot estimate 
the adult secular trend by comparing the heights of twenty
year-olds in 1900 and 1960; one must either compare twenty
six-year-olds in 1900 with twenty-year-olds in 1960, or at least 
make an allowance for the 20-26 year gain fifty years ago. 
Fortunately there are a number of sets of data which permit 
us to do this. 

The classical series is that from Norway, reported at length 
by Kiil in 1939.28 Not only have there been height measure
ments extending back to 1741 ofmen aged seventeen to twenty
six, but even longitudinal records from the eighteenth and 
nineteenth century of individuals' heights from fifteen to thirty 
years old. This superb archive makes it clear that final adult 
height increased little (i.e. less than 1 cm) in Norway from 1760 
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to about 1830; from 1830 to 1875 a gain of around 1! cm, or 
0 ·3 cmldecade, took place and from 1875 to 1935 a gainof4 cm, 
or 0 ·6 cm ldecade. In Holland also records were kept of the 
height of men called up at nineteen or twenty for the civil 
militia and remeasured at age twenty-five. This series extends 
from 1819 to 1902, and has been analyzed by Oppers.ss The 
fully adult or twenty-five-year-old height actually dropped 
slightly from 1820 to 1860, but in the hundred years since 1860 
is estimated to have risen approximately 9 cm, or 0 ·9 cm 1 
decade. Unfortunately the British data are much less satis
factory and led Morant, 49 in a paper quoted much and un
critically, to suppose that no adult secular trend had occurred. 
As far as Britain itself is concerned, the safest conclusion would 
be that the data permit of no final statement; but for most 
Western European countries the data are in excellent agree
ment and point to an adult secu1ar trend of between 
0 ·6 and 0 ·8 cm Ideeade from about 1870 to the present 
day.23, s. 14, 71, 17. 21. s. 32, 27 In the United States the trend 
has been about 0 ·3 cm Ideeade for whites and 0 ·7 cm Ideeade 
for negroes during the years 1940 to 1960, but was probably 
nearer 0 ·7 cmldecade for whites from 1917 to 1940.25 It is of 
much interest that Dutch, Norwegian and Danish data (the last 
is quoted in Lenz, 1959) all seem to show little gain until 
about 1860, and an accelerated gain from around 1880 till 
approximately the present day. We will discuss the possible 
reasons for the trend below: suffice it here to say that Sauvy 62 

estimates that the real wages of a labourer in France began to 
rise about 1850, and that historians, I believe, say that in 
England the labourer's diet began to improve about 1815 but 
progressed only very slowly till about 1850, after which it got 
rapidly better.37 Mortality in England began declining around 
1840 and the decline (except in neo-natal mortality) became 
marked after 1860.37 The stature of persons living in 
medieval village communities may weil have been higher 
than that of labourers in the sixteenth and seventeenth 
centuries. When the populatioil. expansion began ( around 
1750 in England) it seems likely that the social conditions of 
most manual workers grew worse for at least a hundred years. 

The secular trend evidently still continues. In Figure 3 
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the average heights at each age from seventeen to twenty-two 
are shown for all male university students in France, divided 
according to year of birth. The trend in mature height is 
0·7 cmfdecade from 1941 to 1951. 
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FIGURE 3 

SECULAR TREND IN HEIGHT OF FRENCH UNIVERSITY STUDENTS DURING 1940s 
Average of all men students, mixed longitudinal data, according to year of 

birth. Note greater maximal height in more recently born and earlier approach 
to maximum. Redrawn from Aubenque (1957) (from Tanner 67). 

THE AGE OF OCCURRENCE OF PEAK HEIGHT 

VELOCITY AT ADOLESCENCE 

The curve of rate of growth in height in man has a very 
characteristic shape. The velocity is high at birth and falls 
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progressively until adolescence. At this time a marked increase 
occurs, known as the ' adolescent growth spurt '. The velocity 
reaches a well-defined peak, then falls progressively to 
zero. In England at present peak height velocity is reached 
on avetage at 12·0 years in girls and at 14·0 years in boys. 
The first menstrual period occurs on average one year after 
peak height velocity has been reached. The peak is shown 

HEIGHT GAIN, CM. PER YEAR 

GIRLS 

10 12 14 16 18 

AGE, YEARS AGE, YEARS 

FIGURE 4 
SECULAR TREND IN TIME OF ADOLESCENT SPURT 

Velocity curves of height for Swedish girls and boys measured in 1883 and in 
1938--39. Cross-sectiona1 data. (Data from Broman, Dah1berg and Lichtenstein, 
1942, Tab1es 11-12) (from Tanner 67). 

considerably better in individual longitudinal data than in 
mean velocity curves derived from cross-sectional data by 
subtracting the mean at age twelve from the mean at age 
thirteen and so on. The reason for this is the damping effect 
on the mean introduced by individuals having their peaks 
at very different ages.67 However, some sets of cross-sectional 
data do show up the peak weil enough for our purpose. In 
Figure 4 the boys' velocity curves observed from Swedish 
data of Figure 1 are shown. Clearly the peak velocity was 
reached at least a year earlier in 1938 than in 1883. 



48 BIOLOGICAL ASPECTS OF SOCIAL PROBLEMS 

Additional data comes from Kiil's longitudinal series. 
Instead of using peak velocity he considers the figures for the 
standard deviation of height in the population at each age; 
because of the variation between individuals in age of peaking 
the variance of height increases during the adolescent spurt, 
and reaches a maximum at the age at which the peak velocity 
occurs. Kül found that the standard deviation was maximal 
at seventeen years in young men measured in Norway in 1825-
37, compared with fourteen years in schoolboys of the 1930s. 
His figures are not entirely conclusive here since his longi
tudinal data only commenced at the age of sixteen. However, 

FIGURE 5 (Opposite) 
SECULAR TREND IN AGE AT MENARCHE 1830-1960 

Sources of data as follows: 
Finland: 1862-1915, hospita1 patients Helsinki, from Malmio (1919) and age at 

interrogation 17 to 27 only, from Simell (1952). 
Sweden: 1886-1915 hospita1 patients, Lund and Stockholm, from Essen

Moller (quoted in Lenner, 1944), Lundh (1925), Samuelson (1942) and 
Lenner (1944) (hospital data of last two pooled for value at 1915); 1950 
schoo1chi1dren, estimated from data of Romanus ( 1952). 

Norway: 1844--81, from Backman (1948); 1907 Oslo hospital patients, from 
Skerlj (1939); 1928--52 Oslo schoolchildren, data of Schiotz (1930), and 
Kiil (1953) fitted by probits. 

Germany: 1860-1928 hospital patients various towns, successively from 
Schlichting (1880), Heyn (1920) and Schaeffer (1908) pooled, Risopoulos 
(1936), Scheibner (1938); 1937, schoolchildren S.W. Germany, probits 
fitted to data of Ley (1938). See also va1ues reported in Backman (1948) 
and Wallau (1952). 

Great Britain: 1948--60 schoolchildren, probits, successively S. England from 
Wilson and Sutherland (1950), Edinburgh from Provis and Ellis (1955), 
Bristol from Wofinden and Smallwood (1958), London from Scott (1961). 

U.S.A.: 1905-40 University of South Carolina entrants, from Mills (1950), 
1960 estimated, see text. 

Denmark: 1950, Copenhagen schoolchildren, probits, from Bojlen, Rasch and 
Weiss-Bentzon (1954). 

Values are plotted at year in which the average menarche took place, i.e. 
in ' recollected age ' data if average menarche of 40-year-olds interrogated in 
1900 was 15 years, this is plotted at 1875. This places old data on same age scale 
as modern probit data. Where age of interrogation is not recorded an estimated 
amount has been subtracted according to nature of population studied (primi
parae, etc.). Grouping errors have been corrected where necessary (i.e. ' 13-
year-olds' centred at 13·5 years, not 13, as in some of older literature) (from 
Tanner 67). 
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his conclusion that in Norway puberty was brought forward 
by about three years between 1830 and 1930 is entirely in 
accord with the data on menarche. 

AGE AT MENARCHE 

The trend towards earlier maturing during the last hundred 
years is perhaps best shown by statistics on the age ofmenarche. 
A selection of the best available data is illustrated in Figure 5. 
The sources are listed in the legend of the Figure. 

Naturally these data are not all equally reliable. Age at 
menarche is known, from longitudinal studies, to be distri
buted in Gaussian fashion. As a consequence, the statistical 
technique ofprobits or logits can be used to estimate the median 
age of menarche from cross-sectional data. This is a very 
fortunate circumstance, since all one has to do is to select a 
proper sample--of the schools in a certain area, or of all girls 
belanging to a certain occupational group for example-and 
then simply ask every girl whether or not she has experienced 
her first period. Ideally all girls aged nine to seventeen should 
be interrogated, but very little information is lost by restricting 
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the ages to 10 ·0 to 15 ·9. A plot of per cent .rnenstruating 
against age (ranging from say 10 per cent at 10 ·0 to 90 per 
cent at 15 ·5) gives a sigmoid curve, which repeated experience 
has shown to be very weil fitted by either probits or logits. 
All modern studies are carried out in this way, and some older 
data can be subjected to this method also. A procedure that 
may not give a valid estimate of the mean in cross-sectional 
data, but has been much used in the past, is that of inquiring 
of all children in a school or college what age they were when 
they first menstruated. Apart from the difficulty of exact 
recollection on the part of those who had their menarche 
several years before, a more important bias is introduced if 
there remain any girls who have not yet menstruated. Such 
girls will have high values for menarcheal age, and if these 
values are omitted, the mean age obtained is spuriously low. 
Either only girls above 17 ·0 must be interrogated or eise the 
rather complex statistics of the truncated Normal distribution 
must be used to allow for the absent tail (an example is given 
in Bojlen, Rasch and Weis-Bentzon 6). 

The older data suffer from disadvantages both of sampling 
and technique. Most of the pre-1920 data concern hospita1 
patients, who may be a biased sample of the population at 
!arge. Worse, these data concern entirely the recollected age 
ofmenarche, that is the age at which menarchewas remernbered 
to have occurred by women interrogated five, ten or even 
twenty years after the event. Other rather obvious sources 
of error that need to be avoided are mentioned in the legend to 
Figure 5. 

Despite these defects the main conclusion implicit in Figure 5 
is perfectly clear. The data are impressively consistent: 
and additionallines for girls in Budapest from 1860 to 1960,18 
in Czechoslovakia (Prokopec, unpublished) and Poland 
(Wolanski, unpublished) are almost exactly parallel to the ones 
in the graph. Evidently menarche in Europe has been getting 
earlier during the last hundred years by between three and 
four months per decade. Other data, besides those illustrated, 
are given in Backman s for France, Denmark and Holland, 
and in Mills 48 and Michelson 46 for America; they agree weil 
with this conclusion. The trend in height and weight at the 
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age of puberty is in good agreement also, children of twelve 
thirty or forty years ago having the size of children of eleven 
at present. 

The best figures for menarche in Great Britain, for example, 
are: Manchester working women, about 1820, 15 ·7 years; 
' educated ladies ' of the same time and place, 14 ·6 years 73; 

University College Hospital, London, obstetric patients about 
1830 and 1855, 15 -4 and 15 ·5 respectively; 52. 59 London 
'middle classes' about 1880, 15·019 and Edinburgh Royal 
Infirmary gynaecologic patients about 1905, 15 ·0.26 The 
fall is of the same order as in Scandinavia, but in the 
nineteenth century the menarche was not quite so delayed as it 
was in Norway and Finland. The 1820 figure for 'educated 
ladies ' is particularly interesting, as these were upper dass 
women corresponding to those with an average age ofmenarche 
of about 12 ·9 nowadays. This corresponds to a rate of fall 
of about half the general figure given above. 

The present-day ages of menarche in various groups are 
listed in Table I. These data are selected as all being modern 
and highly reliable, and obtained, with a few exceptions, by 
probit or logit analysis. It appears that Chinese girls in 
Hong Kong, if belanging to well-off families, have the earliest 
recorded menarche; even the very poor Chinese girls still have 
menarche as early as most much better-aff Europeans. East 
Europeans seem to mature somewhat earlier than West Euro
peans, especially when economic circumstances are matched. 
Comfortably-off Americans are slightly ahead of West Euro
peans. Well-off Africans are not much later than Europeans, 
though badly-off Africans (the South African Bantu) certainly 
are. No group is currently known in which menarche occurs 
anything like as late as in Europe a century ago. 

There is at present little sign that the trend shown in Figure 5 
has stopped, or that girls are now maturing at something like 
the earliest possible age. It seems that these lines may be 
extrapolated onwards for at least another decade or two. 
Extrapolation backwards, however, is clearly an impossibility: 
if the trend we see between 1840 and 1960 had been going on 
equally before 1840, menarche in medieval times would have 
occurred, absurdly, after the age of thirty. There is little real 
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information available for dates before 1800, but Quarinonius,ss 
writing of Austria in 1610 says: 

The peasant girls in this Iandschaft in general menstruate much later 
than the daughters of the townsfolk or the aristocracy, and seldom before 
their seventeenth, eighteenth or even twentieth year. Forthis reason they 

TABLEI 

AGE OF MENARCHE IN RECENT YEARS 

All estimates by probits or 1ogits unless indicated 

MEAN AGE 
CoUNTRY YEAR AND S.E. AUTHOR 

Norway, Os1o 1952 13·4 Kii1, 1953 
Sweden, all 1951 13·9 • approx. Romanus, 1952 
Denmark, Copenhagen 1950 13·8±0·3 Bojlen et al, 1954 

Copenhagen 1963 13·1±0·12 Andersen, unpubl. 
Holland, S. 1956 13·7±0·06 Rushach et al., 1961 
Hungary, Budapest 1959 12·8±0·08 Thoma, 1960 

Szeged 1961 13·0 Farkas, 1962 
all 1959 13·2±0·02 Bottyan et al., 1963 

England, London 1959 13·1±0·02 Scott, 1961 
Bristol 1956 13·2±0·02 Wofinden et al., 1958 

Scotland, Edinburgh 1952 13·4 Provis et al., 1955 
U.S.A., Denver 1955 12·8 t Deming, 1958 

(well-off) 
California 1950 12·8±0·12 Nicholson et al., 1953 

Chinese, Hong Kong 1962 Lee et al., 1963 
rich 12·5±0·18 
average 12·8±0·20 
poor 13-3±0·19 

Burma and Assam 1957 13·2±0·08 Foll, 1961 
town, well-nourished 

Ceylon, Colombo 1950 12·8±0·07 Wilson et al., 1950, 1953 
rural 14·4±0·16 

Nigeria, Ibo 1960 14-1±0·16 Tanner et al., 1962 
(well-off) 

East Mrica, Buganda, Kampala 1960 13·4±0·16 Burgesset al., 1964 
(well-off) 

South Mriea Bantu Transkai 1958 Burrell et al., 1961 
reserve 

not poor 15·0±0·03 
poor 15·4±0·04 

• Estimate only. t Longitudinal data. 
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also live much Ionger than the townsfolk and aristocratic children and 
do not become old so early. The townsfolk have usually borne several 
children before the peasant girls have yet menstruated. The cause seems 
to be that the inhabitants of the town consume more fat food and drink 
and so their bodies become soft, weak and fat and come early to menstrua
tion in the same way as a tree which one waters too early produces earlier 
but less well-formed fruit than another. 

Passing by Quarinonius's ruro-humoral prejudices, we may 
conclude that in the towns menarche was expected around 
fourteen or fifteen. The earlier of these figures agrees with 
the inference we may draw for Shakespeare's England: 

Romeo and Juliet, I, ii. 

Capulet ( of J uliet) : She hath not seen the change of fourteen years • . . 
Paris: Younger than she are happy mothers made. 

lbid., I, iii. 

Lady Capulet (to Juliet): 

. . . younger than you, 
Here in Verona, ladies of esteem 
Aremade already mothers: by my count 
I was your mother much upon these years 
That you are now a maid. 

The Winter's Tale, II, i. 

Antigonus: 

I have three daughters; the eldest is eleven . . . 
If this prove true, they'll pay for't; by mine honour, 
1'11 geld 'em all; fourteen they shall not see, 
Tobring false generations. 

Buffon writing in 1748 says the age of puberty depends on 
climate and nutrition, andin southern Europe and in the towns 
{presumably of France and the neighbouring countries) is 
twelve in girls and fourteen in boys; in the northern countries 
of Europe andin the village:. it is fourteen in girls and sixteen 
in boys. V ery likely Buffon is referring to the growth of the 
pubic hair, and if so, then menarche might be placed as 
1!-2 years later. If so we would again have a figure of 
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about . fourteen for girls in north European towns such as 
London. 

It seems likely then, that in the towns of Europe the rate of 
maturation was slowed down during the late eighteenth and 
early nineteenth centuries s; in the villages of the less agri
culturally rich countries the rate had always been substantially 
slower than in England. From the Shakespearean figure of 
fourteen we arrive, about 1820, at a menarcheal age of 14! 
for the educated upper classes and 15! for the less well-off 
townspeop1e. By 1960 the figure had decreased to 13 ·0 for 
both groups. 

CAUSES OF THE TREND 

In discussing possible causes of the trend towards earlier 
maturity, we must clearly distinguish between the trend 
towards greater height and weight in children and the lesser 
trend seen in adults. It is probable that various environmental 
changes are chiefly responsible for the change in menarcheal 
age and for that portion of the greater size in children which 
reflects earlier maturation; the trend in adult height, on the 
other hand, seems to be due at least as much to genetical as to 
environmental factors. 

Of the environmental factors better nutrition is of course 
the most obvious. In acute periods of starvation growth is 
certainly delayed and puberty temporarily postponed. When 
such an acute starvation ends the child accelerates to above 
his normal growth-rate, in a ' catch-up ' towards his normal 
growth curve.s6 He may or may not reach it again, depending 
on the severity and duration of the malnutrition. In chronic 
malnutrition it is fairly certain that not only a great delay in 
maturation can be caused but also a stunting of final adult 
height (see below). 

Trend oJ menarcke 

If better nutrition is the major cause, then one might 
have expected that the trend both towards earlier puberty 
and greater size in childhood would have been less in the 
better-aff children than in the poor, on the grounds that in 
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most industrialized countries the circumstances of the poor 
have altered more than those of the rich during the last hundred 
years. The trend of menarcheal age in England has indeed 
been somewhat less for the well-off than the poor, but the 
differential is not so much for height or weight, and the 
menarche differential may simply be because both rich and 
poor are now beginning to reach the lower, genetically con
trolled, threshold. The latest English 16 and Scottish 54 data 
show no significant differences in age of menarche between 
girls whose fathers are in different occupational groups which 
reflect, at least approximately, differences in income and the 
comfort of the home. In Copenhagen in the 1950s there was a 
difference of two months in menarche between the daughters 
of members of the manageria1 and professional classes and those 
of unskilled workmen.6 This is only a very modest difference. 
Menarche occurred in the 1940s some eight months ear1ier 
in well-off negroes in N ew Y ork than in negroes in the Southern 
States 46 and some six months earlier in well-off Indians in 
Durban than in poorly-off ones.24 The Hong Kong data 
already quoted show a difference of nine months between rich 
and poor, presumably because the poor are clearly much worse 
off than the poor in England or Denmark. Studies of identical 
twins, non-identical girl twins and sisters clearly show that 
age at menarche is controlled by genetical factors when the 
environment is good (see Tanner,67 p. 113). Hence we must 
suppose that the genetical threshold for Chinese is below 
that for English, and perhaps that the threshold for East 
Europeans is below that for West Europeans, unless some 
unidentified climatic difference between the groups is respon
sible. 

In Hungary in 1960 an extensive study showed that girls 
in the towns had menarche a few months earlier than those in 
the country 7; and in Poland also Warsaw boys reached 
puberty a little earlier than rural boys.IO In Szeged industria1 
workers' daughters matured two months earlier than the 
daughters of intellectual or white-collar workers; these latter, 
however, included only few professional people and were 
estimated to spend less on food than the manual workers. 
The latest menarche (13 -4 to 13 ·5) occurred in small towns 

E 
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and villages near the Austrian border; the authors argue 
against nutritional or climatic differences as an explanation 
of this and suppose rather that it represents a genetical cline 
in the population, linked with dark pigmentation. Girls 
educated in co-educational schools showed no difference 
from girls educated in single sex schools, a result also obtained 
in Sweden by Romanus (1952)67, In Czechoslovakia 72 a 
study of the daughters of farmers living at different altitudes 
in North West Slovakia showed that those at higher altitudes 
had a significantly 1ater menarche; it was 14 ·9 years at the 
highest altitude and 14 ·2 at the lowest. The authors point 
out that, in general, the higher the altitude the worse the 
economic and nutritional situation and the greater the caloric 
output by the girls in travelling to and from school. They 
incline to think that these factors may be of more importance 
than altitude per se, though this cannot be ruled out as a con
tributory cause. In similar mountainous country in the 
Carinthian province of Austria, Wurst 76 found an exactly 
similar effect on height and weight of children and he also 
attributes this more to nutritional and caloric deficit than to 
altitude itself. Perhaps one of the most convincing arguments 
for nutritional causes is the example of the Lapps, who had 
practically the same average age of menarche, 16! years, from 
1870 to 1930, while maintaining intact their pastoral nomadic 
way of life. During the same period the neighbouring Nor
wegians, being settled farmers, lowered their age of menarche 
by nearly two years.28 

Hot climates used to be cited in the o1der Iiterature ( e.g. 
Skerlj, 1939) as a potent cause of early menarche. But the 
evidence for this seems chiefly anecdotal, and nobody nowa
days supposes climate exerts more than a very minor influence, 
if any at all. Little more can be said unti1 equally well
nourished groups are available living under greatly different 
climatic conditions. At present Eskimos and Nigerians have 
the same menarcheal age, but their diets are perhaps too 
dissimilar for a climatic difference to be distinguished. The 
mean world temperature has been rising since the 1850s 
(until, it seems, about 1940 when the trend began to reverse); 
the polar ice caps have been melting and the glaciers ofNorway 
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and the Alps retreating. But on present evidence it seems 
unlikely that this general warming-up process has contributed 
significantly towards the earlier menarche of girls. 

The one thing that all authors find significantly related to 
age at menarche is the number of children in the family. The 
!arger the number, the later the menarche and the less the 
height and weight at all ages, both of the earlier- and later
born children. In the Czechoslovakian data 72 the menarche 
for children with 0 or 1 sib was 14 ·3; for those with 6 or more 
sibs 14 ·6. In England the same relationship holds (Douglas, 
unpublished, Scott 63). 

The most obvious explanation of this sibling number effect 
would be nutritional; the more mouths to feed and children to 
bother about, the less weil the feeding, and perhaps the general 
care, may be done. An alternative or supplementary explana
tion might be that children with more sibs get more diseases. 

The effect of childhood disease on growth is, however, 
uncertain. A severe disease certainly retards growth, and 
retards also the maturation process. But when the disease 
ends, a catch-up occurs just as it does at the end of a period of 
malnutrition.s6 Some authors (e.g. Acheson 2; McCance 36) 
hold that disease always or usually causes a greater slowing 
down in growth than in skeletal maturation. If this were so, 
then the final height reached would be lessened, since the 
epiphyses would unite at a lessened height. Acheson puts 
forward a lessening of disease, therefore, as an explanation 
for the trend in adult height. However the evidence for a 
differential effect of disease on growth and maturation is very 
poor indeed at present (see full discussion in Tanner,67 p. 128): 
most data agree in showing both processes slowed down 
equally. Disease has also been invoked as an explanation for a 
slowing down of maturation and a diminution of childhood 
height, but the evidence here is even scantier. Most childhood 
diseases are in fact totally without effect on the growth of well
nourished children (see evidence quoted by Tanner,67 p. 130, 
also Meredith and Knott 44). But persistent chronic disease 
operating upon malnourished children may be another matter; 
possibly the removal of this could have helped create the 
childhood secular trend. Even here, however, the evidence is 
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largely negative; suppression of malaria in heavily parasitised 
populations has not noticeably increased rate or amount of 
growth (Tanner,67 p. 134). Until we have much more evi
dence we can hardly lay the secular trend, either of children 
or of adults, at the door of lessened infection. 

Trend of children' s si;:;e 

Everything said about the trend ofmenarche applies equally 
to the trend of childhood height and weight. One would 
expect better-off children to have gained less than the poor, 
but most data show remarkably little difference between the 
gains of these groups_39. 47, 15 Schoolboys at Marlborough 
College, consisting mostly of sons of parents in the professional 
dass, averaged 166 ·2 cm at 16 ·5 years in 1873 (Galton, 1874) 
and 177 ·0 cm seventy years later (Boyne, 1960). This increase 
of 1 ·5 cm /decade represents at least two-thirds of the general 
increase in Britain. One is reminded of the trends in infant 
mortality and in social dass differences in adult diseases. 
Though since 1911 infant mortality has greatly decreased in all 
socia1 dasses, the gap between the classes has not narrowed; 
and while the overall incidence of various adult diseases 
has risen or fallen, the social dass affinities have changed 
scarcely at all.51, so No convincing reason for the presence of 
these dass differentia1s has yet been offered. But movements 
between one social dass and another from generation to 
generation are very frequent in Britain; so that these differ
entials could perhaps be characteristic more of the sort of 
person who reaches a particular social dass than of the cir
cumstances in which, as a member ofthat dass, he lives. 

The family size effect is shown in height and weight 
just as it is in menarche. But whereas nowadays in Britain 
it seems that menarche is little if at alllinked with social dass, 
height and weight remain persistently associated with it.16 
This is curious, as for many years we have always considered 
advancement in height and weight to be very closely linked 
with advancement towards menarche. It seems that the 
link between social dass and body size persists into adult
hood.B. 69 Perhaps it may not be explained entirely on 
nutritional grounds. 
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In short, then, we must admit that we are uncertain why 
the trend towards earlier maturation has occurred. Probably 
better nutrition is the factor chiefly responsible, but there are 
certain facts, mentioned above, which at least make us hesitate 
before accepting the explanation too readily. It seems likely 
to be more than a matter of simple calories; and it seems 
likely to be due to an influence which starts early in life. The 
best guess might be that better infant feeding, and particularly 
giving infants more protein early in life, is more responsible 
than any other aspect of nutrition. 

The adult trend 

The adult trend may well have another explanation in 
whole or part. Undoubtedly in circumstances where severe 
chronic malnutrition isfrequentthefinal adult heightis affected; 
Tobias 70 for example has shown that the South African Bush
men have been getting !arger as they settle more in agricultural 
communities. But the European trend may have a genetical 
explanation, first offered by Dahlberg.9 

Suppose that some degree of dominance occurs in the genes 
governing human stature; that is that on average the offspring 
of a tall and a short parent lies not exactly halfway between 
their heights but a little closer to the tall parent. The person 
with many heterozygotes amongst the genes influencing height 
would be slightly taller, therefore, than the average of persons 
with many homozygotes. Ifthis is so then the increase ofhetero
zygotes caused by the breaking down of genetical isolates, 
that is, of the tendency for marriages to be contracted between 
members of the same village community, would cause an 
increase in height. It has been shown in several West Euro
pean communities that outbreeding has in fact increased at a 
fairly steady rate ever since the introduction of the bicycle. 

There is also some direct, though not perhaps completely 
conclusive, evidence that outbreeding does increase stature 
in man. Hulse in 1957 found that grown-up sons of parents 
who came from different Swiss villages averaged 2 cm taller 
than sons of parents both of whom came from the same village. 
Similarly Mange 38 has shown that amongst the Rutterite 
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religious isolate in North America, persons whose parents 
represented the degree of inbreeding of first cousins averaged 
about 3 ·5 cm shorter than persons whose parents were un
related. Kherumian and Schreider 27 showed that the adult 
height in different French regions was significantly and in
versely correlated with the degree of inbreeding in the region. 
Thus there seems to be rather solid evidence that genetical 
causes may explain at least a patt of the trend in adult height; 
whether it can explain it all is more doubtful, since the change 
towards outbreeding seems unlikely, on the figures given above, 
to be responsible for an increase of more than 2 cm per genera
tion. Natural selection, on the assumption that taU people 
have more marriageable offspring than short ones, operates 
too slowly to account for the trend; and in any case, our 
scanty evidence on the subject contradicts that assumption. 

IMPLICATION OF THE TREND 

It is unnecessary to detail the implications of the trend 
toward earlier maturation. The chief ones lie in the field of 
education and social behaviour.65 The trend may perhaps 
contribute to the earlier age of marriage and the increased 
fertility rate, in that so far as we know the menopause has 
become later rather than earlier, thus increasing the total 
reproductive span, or, from a demographer's point of view, 
the woman's time at risk. 

DISGUSSION 

DR J. M. TANNER, asked whether the reproductive phase 
of life was extended solely by the earlier age of menarche or 
was also affected by a change in the age of menopause said 
that there was much less data on trends in menopausal age. 
First of all it was not such a definite event. When you asked 
the relevant question, you got a number of ' don't knows ', 
as in the national opinion polls. This made the whole thing 
technically more difficult. Very few inquiries had been made 
in this country, but the indications were that the menopause 
had been pushed back and that the average menopausal age 
at the present time might be nearly fifty. 
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Asked about the truth of the popular beliefs that the small 
height of people in the north of England was due to poverty 
resulting from the Industrial Revolution and the small height 
of French people was due to the fact that Napoleon had 
destroyed the manhood of France; and that the intake in 
England for the Boer War indicated the slow downward 
growth of English people, Dr Tanner replied that the actual 
nurober of soldiers killed off in the Boer War, and perhaps to 
a lesser extent in the Napoleonic Wars, was not very great as 
a selective factor when considered in relation to the whole 
population. The statement that the small stature of people 
in the industrialized parts of this country was due to poverty 
had been denied by some anthropologists, who said that final 
adult height was purely genetically controlled and that 
eventually children under poor conditions, after a prolonged 
period, reached their genetically controlled height. Dr 
Tanner did not think the data bore this out; they only reached 
somewhat below their height potential. There might be a 
genetic background to the increase in adult height; since 
if heterosis occurred in human stature-and there was some 
evidence that it did-then the increased outbreeding which 
had universally followed the introduction of the bicycle would 
have given rise to increased stature. 
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INTRODUCTION 

STUDIES in a number ofdifferent countries, which have shown 
that rates of mobility between different occupational classes 
are more alike than they were expected to be, have raised 
questions about the mechanisms underlying social mobility. 
In preparation for a large-scale investigation, we have made 
two small pilot sturlies designed to clarify certain preliminary 
problems. In the second half of this paper we are going to 
concentrate on the second pilot study, whose concern was with 
fertility. Before proceeding to that discussion we shall in the 
first part give a brief outline of the main idea we hope to 
explore in the large-scale investigation. It has been rather 
more fully developed elsewhere.29 

I. THE MODEL OF SOCIAL MOBILITY 

The conclusion about social mobility to which we have 
just referred is supported by a number of sociological studies. 
For camparisans over time the Glass report 18 is still the best 
source. When ten-year age-cohorts born from before 1890 
in Britain were compared, very little difference was found 
in rates of mobility. As for camparisans between countries 
at more or less the same time, Lipset and Bendix 21 have 
recently made a comprehensive review of the literature. They 
measure the rate of social mobility upwards by the proportion 
of the sons of manual workers who became non-manual, 
downwards by the proportians of the sons of non-manual 
workers who became manual. In urban areas rather siinilar 
proportians of sons move up in a number of countdes-in 
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France 35 per cent, in Germany 26 to 30 per cent, in Switzer
land 44 per cent, in Sweden 29 per cent, in Japan 33 per cent 
and in the United States 31 to 35 per cent. There is more 
discrepancy in the proportion moving down, varying from 13 
per cent to 38 per cent. Studies in particular cities also show 
rather similar rates-in Poona and in Tokyo, in Sao Paulo 
and Kansas City, in Aarhus and Indianapolis. Arecent study 
of a London suburb, Woodford, produced the same results.27 
If, instead of a two-class system, a division is made into several 
more classes, the rate of mobility-say, into and out of the pro
fessions-would probably be less strikingly similar.22 But at 
any rate the general conclusion of the work clone so far is that 
rates of mobility, over time and space, are much more alike 
than they were expected to be. 

Cybernetic mechanism 
How is this similarity to be explained? Our suggestion is, 

in brief, that social mobility is the variable element in what 
Cannon 7 in 1932 called a homeostatic and Wiener 26 in 
1948 a cybernetic mechanism, whereby something like a 
'steady state ' is maintained in each occupationa1 dass by 
means of constant movement into and out of it. We shall 
discuss how it might work in relation to the distribution of 
intelligcnce before we move on to discuss fertility. 

We are here defining 'intelligence' in our populations 
rather narrowly as the qualities measured by the admittedly 
high1y fallible instrument of intelligence tests, orthodox ones, 
not ofthe type which tests 'creativity '.17 This is not the only 
quality to take into account in any full investigation. The tenor 
of what Fisher said about what he called ' social promotion ' 
rather than ' social mobility ' is clearly right, even though 
the expression now sounds somewhat Victorian: 

What is perhaps more important is that a number of qualities of the 
moral character, such as the desire to do well, fortitude and persistence in 
overcoming difficulties, the manliness of a good Ieader, enterprise and 
imagination, qualities which seem essential for the progress, and even for 
the stable organization of society, must, at least equally with intelligence, 
have led to social promotion.14 
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Our argument stems from two main observations. The 
first is that the higher the occupational dass, the higher the 
measured intelligence (I.Q. for short). The usua1 figures of 
this sort, for instance those collected by Floud, Halsey and 
Martin,14 are for children only. It has been shown again 
and again in many different countries that the children of 
(say) professionaldass parents score better than those ofmanual 
workers. There is less published information for adults: 
most intelligence tests are designed for children, not adults; 
but what there is, for instance, on the testing of recruits for the 

TABLE I 

MEAN J.Q.s OF PARENT AND CHILD ACCORDING TO 
CLASS OF p ARENTS 

PARENT CHILD 

Higher Professional 139·7 120·8 
Lower Professional 130·6 114·7 
Clerical 115·9 107·8 
Skilled 108·2 104·6 
Semi-skilled 97·8 98·9 
Unskilled 84·9 92·6 

AVERAGE 100·0 100·0 

Armed Servicesshows that there are the same sorts of differences 
for adults, although always more marked for the adults in a 
particular dass than for the children.lO The figures in Table I 
illustrate this from a paper by Burt.6 

The second observation is that the I.Q.s of children whose 
parents' I.Q.s fall in the extreme groups 'regress' from the 
extreme towards the mean of the general population.3 Fathers 
(or mothers) with mean I.Q.s ofabout 84, or 140, have children 
with I.Q.s of about 92, or 120, respectively (Table I). These 
values of course refer to averages; some individuals will be 
more extreme than their parents but more will be less so. 
Since the children from any particular dass have a greater 
spread of intelligence than their parents, the shape of the 
distribution for the population in general is not progressively 
pinched, but remains roughly the same from generation to 
generation. Another way of putting it is to say that there is a 
correlation ofless than unity between the mean I.Q.s ofparents 

F 
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and of their children. From Galton 16 onwards many investi
gators have found this effect not only for I.Q. but also for 
other quantitative characteristics such as height and span of 
arms. The 'regression' towards the mean ofthe population by 
the progeny of extreme parents is characteristic of all incom
pletely inherited quantitative traits, the amount of' regression' 
depending in part on the degree to which the variation is 
determined by environmental variation. There can be con
fusion between this phenomenon of ' regression ' and the 
statistical regression coefficient of offspring on parent. They 
are different things and the distinction should always be kept 
in mind. 

Given that these two observations are ones that do not 
apply just to one point of time, it follows that there must have 
been mobility upwards of more intelligent children to take 
the place of the less intelligent who move down from the 
higher dasses.s Had such mobility upwards and downwards 
not occurred, the mean I.Q.s for the parents in the upper 
dasses would not be as high as appears in Table I, but would be 
at least as low as the means for the children; indeed, if the 
regression had continued without compensation for a series 
of generations, they would by now have reverted to the general 
average, and the distribution of intelligence in each dass 
would have become much more like the distribution in the 
general population than it actually is. A rough stability can 
be maintained within each dass only by a continuous inter
change between the classes.ll 

In the absence of inquiry, we do not know what has been 
happening over time to the distribution of intelligence in the 
various dasses. But in our first pilot study we made an 
attempt to discover who, in I.Q. terms, actually moved up 
and down. A sample of forty-seven sons in their twenties 
was interviewed in 1962 in the town of Garnbridge (students 
being exduded), and the forty-seven fathers in whatever part 
of England they were living. The results show that there was 
the same regression from fathers to sons as is found by all 
investigators, although less neat than that shown by Burt's 
figures (from a !arger sample) in Table I. But the effect of 
regression was offset by ' exchange ' of sons between the 
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dasses in the way that our idea suggests should happen. 
Sons rnore intelligent than their fathers by and large rnoved 
up, and those less intelligent down; and, rnore irnportant, if 
the distance of rnovernent was rneasured on a six-point dass 
scale and related to the extent of the difference between the 
intelligence of fathers and sons, the greater the difference in 
intelligence, the greater the distance of rnovernent. The 
consequence of this reshufHing was that the correlation between 
intelligence and dass for non-rnanual workers as a whole was 
very nearly restored in the sons' generation to the Ievel it had 
been in the fathers'. The correlation which had been 0 · 70 
for the fathers carne back, as the result of rnobility, to 0 ·68 
for the sons. The first Garnbridge study therefore supports 
the suggestion we are rnaking in this section of the paper. 

II. MOBILITY AND FERTILITY 

One weakness of this first Garnbridge study was that it 
did not readily allow the influence of fertility to be exarnined. 
One son was cornpared with one father. The sarne applies to 
all the sociological studies rnade so far. None has been able to 
gather data about the differential fertility of various occu
pational dasses because questions have been put in one genera
tion alone, to sarnples of sons, the sons being questioned about 
the occupations of fathers. Since the cornparison has been 
between father-son pairs, each father in each dass has been 
shown as having been replaced by just one son. In the Glass 
report 19 all that could be done was to estirnate, not frorn the 
data gathered but frorn general dernographic data for the pre
war period, how rnuch rnobility there would have to be to 
counter the effects of such differential fertility as was not fully 
offset by differential dass rnortality. Over the period with 
which he was concerned 300 non-rnanual fathers would have 
been replaced by only 252 adult sons, and 700 rnanual by 
748 adult sons. To rnaintain stability, just in terrns of the 
proportionate nurnbers in each dass, 5 per cent of sons would 
therefore have had to rnove up on this score alone. 

For our purpose, we hope, in any inquiry, quite specifically 
to collect data about fertility. In the second Garnbridge 
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pilot study (which was aided by a grant from the Eugenics 
Society) we therefore adopted a different design, and started 
with a sample offathers. The sample comprised 100 men over 
sixty-five years of age selected at random from the Electoral 
Register. Each person was interviewed and asked to submit 
to an intelligence test. The same was clone with probands' 
wives and all their male children. Information was collected 
from everyone about education, occupation, marital status 
and number of children. W e shall report on the results of this 
little inquiry later on. Before doing so we want to discuss in a 
more general way the bearing of fertility on our problem. 

An old paradox 
Its relevance is fairly clear. So far, in the first part of this 

paper, we have suggested that ifthe 'intelligence Ievel' in the 
high er classes ( or the correlation between dass and intelligence) 
is to be maintained, the effect of regression will have to be 
offset by mobility. The assumption was the one we have 
just referred to as being built into the sociological studies, 
that all fathers were replaced by a son apiece. This may 
obviously be unjustified; if it is, and in particular if the more 
intelligent people in the higher classes do not in fact reproduce 
themselves, there will have to be further mobility upwards on 
that score to maintain the intelligence Ievel. 

Up till recent times at any rate it has been taken that 
this was actually happening, that mobility was perhaps main
taining stability in the short run but only at the cost of dis
rupting it still further in the long run, because the more 
intelligent people who moved upwards would themselves 
be less fertile. Although not put in these terms, the idea 
was that the cybernetic mechanism was liable to a kind of 
increasing oscillation or 'hunting ', with every correction 
creating a need for a greater correction. It was argued by 
Fisher 14 that " the economic situation in all grades of modern 
societies is such as favours the social promotion of the less 
fertile". For Fisher this was the reason why all civilizations 
have in the course of time been eroded. At the same time 
it was thought that another consequence of the assumed lower 
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fertility of more intelligent people and higher fertility of the 
less intelligent was that intelligence in the population as a 
whole was declining.t. 2 

The firm finding was that there was a negative correlation 
between family size and intelligence. A decline in intelligence 
over time seemed to be implied. The surprise was that in so 
far as there was any evidence it did not in fact show any decline 
over time.9, 24, 25 What could be the resolution ofthe apparent 
paradox? 

As we have already mentioned, Fisher's suggestionwas that 
genetic factors for intelligence and for infecundity have become 
associated in the upper social classes. But the fall in average 
size offamilies in all social classes seems to have been too rapid 
to be attributed to any physiological mechanisms affecting the 
capacity to have children. Penrose 23 produced a theoretical 
model in which he suggested that genetic equilibrium for the 
distribution of intelligence could be maintained by the greater 
fertility of those of near-average intelligence with lesser fertility 
of those at either extreme. 

The best supported explanation of the negative correlation 
was that it was due to differences in the degree to which parents 
are successful in planning their families. Contraceptive 
techniques, natural and artificial, are known to have been more 
effectively used by the more educated parts of the population 
and then to have spread downwards through the com
munity_IS, 20 Thus family size has depended more and more 
upon the willingness to have children. Darlington 12 has 
pointed out that, as the quality ofwillingness is to some extent 
genetic, parents who wanted children would be selectively 
favoured. Thus, after an initial decrease in the birth rate 
in any dass when it first took to contraception on a large scale, 
the birth rate would recover as the proportion of ' willing ' 
people in the population increased. Carter s has recently 
reviewed data that seem in agreement with this argument, for 
generally the birth rates in the upper classes appear to have 
been increasing during the last fifteen years. 

However, the explanation now Iooks to be quite simple; 
for the original deduction was wrang, no account being taken 
of childless people in the generation of the parents or of 
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the children. This explanation was first suggested by Wil
loughby and Coogan,28 who made a survey of the I.Q.s of a 
small sample of High School graduates in the United States. 
Their population was divided into two equal parts, a higher 
I.Q. group and a lower I.Q. group. The married graduates 
of the lower I.Q. group had a !arger average family size than 
the married members of the higher I.Q. group. However, 
if the unmarried graduates of both groups were also included, 
the higher I.Q. group produced more children than the lower 
I.Q. group because fewer members of the lower I.Q. group 
married. This study was criticized and its implications ignored 
because ofits small size and non-random sample, but later work 
has shown that the broad conclusions are applicable to a 
number of populations. 

Minnesota study 
In particular, large-scale surveys carried out in Minnesota 

have shown that past studies of the relationship between I.Q. 
and reproduction have almost always been faulty and open to 
bias because of the failure to include those siblings who never 
reproduced. Higgins, Reed and Reed l9 investigated the 
fertilities of 4071 persans from 1016 families in which I.Q. 
va1ues for both parents and one or more of their children were 
available, tagether with the I.Q. va1ues for the unmarried 
or non-producing siblings of the parents. The families were 
derived from a sub-sample taken fifty years ago of the families 
of over 500 patients at the Minnesota State School and Hos
pital for the mentally retarded. 

Both the correlations ofthe parents' I.Q. and the children's 
I.Q. with the family size were negative and of the same order 
as in previous studies. The reproduction rate of the parents 
shows that the groups with I.Q. of 70 or less produced most 
children (3·81) but the high I.Q. group (above 131) also had a 
relatively high reproduction rate of 2 ·94. The high repro
duction rate for the group with high I.Q.s is perhaps a recent 
development as suggested by Carter.s 

However, Riggins et a/.20 also had information about the 
non-reproductive sibs of the parents in the sample. The 
highest proportion of unmarried siblings was in the group 
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with I.Q. of below 55 and the lower I.Q. married couples 
induded a high proportion who never produced offspring. 
Thus the high reproduction of the lower I.Q. group who had 
children was offset by the !arger proportion of their siblings 
who never married or who failed to reproduce when married. 
Higgins et al. argue that the I.Q. Ievel of the whole population 
should remain relatively static from one generation to the next, 
or at least not drop rapidly. 

Garnbridge pilot 
Our small pilot survey was specifically designed to see 

whether the Minnesota results on fertility are the samein this 
country and to investigate a model for social mobility in which 
differential fertility is considered. In our sample the correla
tion between probands' I.Q. and social dass was 0 ·5 and the 
correlation between parents' I.Q. and family size was found 
to be negative, r = -0 ·25, very similar to the values previously 
found for these relationships. However, when the unmarried 
probands and those who though married are childless are 
induded in the sample, the correlation between I.Q. and family 
size becomes positive (r = 0·03). The effect of this change 
in correlation on the fertilities of the various social dasses can 
be readily seen in a comparison of manual and non-manual 
workers. Those couples in the manual dasses in our sample 
who produce children have a reproduction rate of 2 ·8 and the 
non-manual dasses have a reproduction rate of 2 ·2 children 
per couple. Indusion of the non-reproductive sibs in the data 
reduces the reproduction rate for the manual dass to 2 ·08 
and for the non-manual dass to 1·97. The socio-economic 
dasses that are on the border line between manual and non
manual, i.e. Registrar General's dasses III and IIIa, have the 
lowest rate of 1 · 7 children per couple in this sample. The 
proportion of unmarried and/or non-reproducing probands is 
highest in the low I.Q. groups. Further, the correlation 
between non-reproductive probands and the size of their 
sibships is 0·38. Ifthe sibship size is !arger than four, then on 
average less than a third of the sibship will marry and produce 
children. These data are slight, obtained in a pilot survey; 
yet the results suggest that the old paradox of the I.Q. Ievel 
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of the population failing to fall despite a negative correlation 
between I.Q. and family size can be resolved by including 
in the data the non-reproductive sibs. 

A bimodal relationship between I.Q. and family size is 
suggested by the Higgins data and again by ours, and the 
same thing has recently been emphasized by Bajema 4 in a 
larger study in Kalamazoo. Bajema suggests that in his 
population the positive relationship between intelligence and 
fertility is a recent development and indicates that a slight 
increase in the frequency of the genetic factors favouring high 
intelligence has taken place. It would be useful to know if the 
same effect is observed when the amount of education received 
is related to fertility. 

THE UPSHOT 

The results we have noted may reflect the changes in fertility 
patterns over time, and particularly the recovery in the birth 
rate in the higher classes which has occurred in the last quarter 
of a century in the United States and (to a less but still marked 
extent) in Britain and some countries of the Commonwealth 
and Western Europe. Whether this is so or not, it certainly 
seems clear from the evidence we have presented that differ
ences in fertility between people of different intelligence are not 
so great as was once thought, and, therefore, that a less amount 
of mobility is required to offset the effects of differential 
fertility. But even though differential fertility is not the 
prompter it was once believed to be, it is obviously important 
enough to be taken into consideration in any future inquiry 
into mobility. 

The discussion in the second half of this paper has been 
about one of the many quantitative factors affecting mobility. 
It has not, as we see it, in any way vitiated the main idea put 
forward in the first half of the paper. It still seems to us useful 
to consider mobility as part of a cybernetic mechanism. 
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EDUCATION AND SOCIAL MOVEMENT 

J. W. B. DOUGLAS 

Medical Research Council, Unitfor the Study of Environmental 
Factors in Mental and Physical /llness, London 

EDUCA TION is seen by many as the most important influence 
determining social dass change in Britain to-day. As the 
educational process becomes more effective in sifting the able 
from the less able, so the possibilities of social movement for 
an individual become concentrated in the school years and 
limited after that. Owing to this there has been a progressive 
transfer of social competition " from the economic to the 
educational world and from the office and workshop to the 
school and university."6 

That men with superior education should improve their 
social status is not unexpected. The eugenically important 
question which I propose to discuss to-day is whether social 
movement is still restricted by unequal educational oppor
tunities. The top rungs of the social ladder are more readily 
reached by those with high social origins than by those with 
lower ones, even when standards of education are equal.S 
Given suitable education they both ascend, but the former have 
less far to go. This may reflect real differences in opportunity; 
it could equally be explained by differences in drive, aspira
tions or many other factors-including the knowledge of where 
to find skilled advice when needed. It would be naive to seek 
the reasons for social movement or the extent of unequal 
opportunity in measured intelligence or attainment alone; 
many other qualities are needed for success. 

I propose here to illustrate the association between edu
cation and social movement with data from the National 
Survey of Health and Development and then to discuss the 
apparent Iimitation of educational opportunity which we find 
in certain types of family to-day. 

The National Survey of Health and Development is a 
continuing study of some 5000 children born during the first 
week of March 1946. It has been fully described elsewhere 4 

81 
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and all I need to say hereisthat a great deal is known about 
the home circumstances of these children and the education, 
social origins and employment of their parents. When they 
were eight, eleven and fifteen years of age the children were 
given tests of mental ability and school performance, selected 
by the National Foundation for Educational Research in 
England and Wales, who also checked and scored them. At 
eight years the children were given a picture intelligence test, 
and tests of sentence completion, and reading and vocabulary; 
at eleven years the same reading and vocabulary tests were 
repeated, and new tests of verbal and non-verbal intelligence 
and mechanical arithmetic were added; at fifteen there were 
tests of verbal and non-verbal intelligence, reading and mathe
matics. For each test separately, the crude scores were con
verted into T scores with a mean of 50 and a standard deviation 
of 10. Averages of the summed scores at each age were also 
standardized in the same way as the individual test scores 
and are used to give a combined assessment of ability and 
performance. 

The association between education and social movement 
across the generations is weil illustrated by the husbands 
in the survey who had manual working dass origins. Table I 
shows that the social status of these men, in middle age, is 
dosely related to the education they received. These figures 
are similar to those given by Hall and Glass.s 

The chances of reaching non-manual employment were 
small for those whose education ceased at fifteen, and the few 
who became non-manual workers were mainly employed as 
travellers, shop assistants, non-commissioned officers, police
men, etc.-jobs that have relatively few middle dass character
istics. 

Any effort at further education, even among those who 
did not proceed to secondary school, was associated with 
improved chances of upward social movement, and the extent 
of this movement was directly related to the standard of 
education achieved. Thus, 94 per cent ofthose with elementary 
and no further education were employed in manual work, as 
compared with 68 per cent of those who, on leaving elementary 
school, took some course of further education. Of those with 
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the higher standards of education-who on leaving secondary 
school have taken a degree or diploma-18 per cent remairred 
in the manual occupations where their fathers had spent their 
working lives and 42 per cent were in the professions. 

These men with manual working dass origins are of widely 
different ages; some were at school before the First World War, 
whereas others were still at school in the Second. All, however, 
had left school before the passing of the 1944 Education Act. 

TABLE I 

ÜCCUPATION OF HUSBANDS RELATED TO EDUCATION 

(1955 men with manual working dass origins) 

ÜCCUPATION 

(when survey child was II years old) 

Other Manual 
Prof es- middle .---"----. Self-
sional dass Skilied Other employed 

Elementary only (per nil 4·7 52·4 41·5 1·5 
cent) 

Elementary and 4·7 24·0 63·2 4·7 3·5 
diploma or degree 
(per cent) 

Secondary only (per 0·6 23·7 40·7 31·1 3·9 
cent) 

Secondary and 41·6 37·0 13·4 4·5 3·4 
diploma or degree 
(per cent) 

Total 
per 
cent 

100·1 

100·1 

100·0 

99·9 

A total of 8 per cent had stayed on at school after fifteen and 
are grouped on this basis as receiving secondary education, 
and a further 17 per cent who had left school before this age 
took some type of further education, though only one-quarter 
of them had a diploma or degree to show for it; thus a total of 
24 per cent may be said to have had a better than elementary 
education. How does this compare with the present genera
tion of children from working dass homes? lt is impossible, 
yet, to give an exact account of educational achievement in 
the National Survey as we are still following these young 
people into employment and noting the technical or university 
courses they are following. Undoubtedly, however, they will 
have better educational opportunities than their fathers: 
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18 per cent of them went to selective schools (i.e. grammar, 
technical or independent) and a further 9 per cent of those 
who went to non-selective schools have enrolled in dasses in 
technical colleges. 

Education beyond the elementary school, as we have 
seen, improved the chances of men with working dass origins 
entering middle dass occupations. It also widened their 
social contacts as is evident when we look at the educational 
background and social origins of their wives. More than a 
third of those who gained degrees or diplomas married women 
with secondary education. In contrast, of those whose 
education ceased when they left elementary school, only 8 per 
cent married middle dass wives and only 4 per cent married 
wives with a secondary education. The effects of education on 
social movement are thus reinforced by the pattern of marriage 
and this in turn influences the opportunities for social advance
ment at every level. Among the men with purely elementary 
school education, social advancement may be along unusual 
lines if they have wives who are above them in education or 
origins; they are then likely to move into self-employment 
and this is particularly so if their wives' parents were self
employed. Even among those with a better than secondary 
education, marriage to a woman from the middle dasses or 
with a superior education confers stability of social status 
and an insurance against downward social movement. 

The superior education and social origins of the wh·es of 
those who are moving up the social ladder increase the edu
cational opportunities of their children, both boys and girls, 
since the aspirations parents have for selective or higher 
education for their children and the extent of interest they take 
in their school work depend as much as on the education and 
origins of the wife as of her husband. And, we have shown 
elsewhere that a high level of interest on the part of the parents 
is associated in the child with hard work in dass and success 
in school work. 

To come from a manual working class home and leave 
school at fifteen restricts opportunities for social advancement 
though, for the 94 per cent with this background who spent 
their lives doing manual work, there is considerable movement 
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between different Ievels of skilled employment; du ring the first 
eleven years of this study 19 per cent moved to more skilled 
employment, 11 per cent to less skilled and 10 per cent moved 
erratically from one Ievel of skilled employment to another, 
not establishing themselves at any one Ievel. As the fathers 
were sorted out by changing their employment, so their 
children were indirectly sorted by ability as Table II shows. 

The children of men who moved from a less skilled to a 
more skilled job make higher scores than the children of those 
who remained in the same type of job throughout the survey 
and their advantage is greater in the 11-year tests than in the 

TABLE II 

MEASURED ABILITY AND AITAINMENT 

(Children whose fathers had manual working dass origins 
and no more than elementary schooling) 

AVERAGE TEST ScoRE 

Difference 
At8 At II ( + = improved 8-11 

Social movement years years - = fell below 8-11) 

Up 49·06 49·29 +0·23 
None 48·16 48·15 -0·01 
Down 47·42 46·61 -0·81 
Erratic 47·15 46·71 -0·44 

eight. The lowest scores at eight are made by the children of 
men who move erratically from one Ievel of skill to another, 
but the greatest relative decline in score between eight and 
eleven years is shown by the children of men who moved to 
less skilled jobs so that, at eleven years, they made the 1owest 
scores of all. We cannot say what part of these differences is 
due to innate endowment and what to the effects of environ
ment, though the divergence of these groups between eight 
and eleven years suggests that the influence ofthe environment 
is important. 

I now come to the question of whether educational oppor
tunity is fairly distributed over the population. Even ten years 
ago there would have been general agreement that the nurober 
of children who could benefit from a grammar school, or even 
more from a university education, was limited and that higher 
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education could expand only if we were prepared to accept 
students ofinferior quality. To-day we are beginning to realize 
that there are stilllarge untapped sources of ability-untapped 
owing to economic, social and medical reasons and to lack of 
incentives which we may hope to understand and so overcome. 
Between 1954 and 1961 the proportion ofEnglish students with 
university entrance qualifications rose by 50 per cent, and, if 
this rate of increase continues, by 1980 some 14 per cent of 
pupils at school will qualify. So far, the increasing numbers 
with university entrance qualifications cannot be explained 
by lower standards of examination marking and there is no 
evidence that the students doing undergraduate studies to-day 
are any less able than their predecessors. For example, in 
Edinburgh the average scores of university students in a verbal 
intelligence test, which dosely relates to the dass of degree 
obtained, has remained constant over a period of twenty-five 
years in spite of a great increase in the total number of students.3 

It is generally assumed that, as the facilities for education 
expand, so social inequalities in opportunity will diminish. 
There is, however, no evidence that this is true. In the 
National Survey, the social dass differences in entry to selective 
secondary schools are as large as those reported thirty years 
ago. The Committee on Higher Education also reached the 
same condusion, producing evidence from various sources 
to show that social dass differences in educational opportunity 
and achievement have in relative or proportional terms 
changed little in recent years. Many more young people 
reach the universities but the excess ofmiddle dass over manual 
working dass entrants is still, in proportional terms, as great 
as ever-similar condusions are reached when General 
Certificate successes are examined. In other words, even in 
the most favourably placed social dasses where one would 
have thought that very little talent would, in the past, have 
remained unused, there has recently been a marked increase 
in the number ofsuccessful G.C.E. candidates and an expansion 
of university entry. 

The persisting social dass differences in educational 
opportunity are comparable with the persisting social dass 
differences in infant mortality, and a description of the latter 
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may help us to understand some of the difficulties we are likely 
to meet in trying to provide equal educational opportunities 
for all social classes and in all parts of the country. During the 
last fifty years the matemal and child welfare services have been 
greatly expanded and improved and the chances of survival 
of infants have improved dramatically in each social dass. 
However, the relative levels of the infant death rates in the 
social classes have been maintained; indeed the unskilled 
manual workers are relatively rather worse off to-day than they 
were in the past. Where services have been expanded or 
improved it seems that those who least need them have bene
fited most. For example, the considerable nurober of additional 
maternity beds provided during the last twenty years has been 
taken up largely by women with relatively small numbers of 
previous pregnancies, whereas those who are having their 
fourth or later baby-who are in fact a more risk laden group
are still as likely as they were twenty years ago to be delivered 
at home.l The fact that services are improved or expanded 
does not necessarily mean that they will be available to those 
who need them most and, put in the educational context, 
one could imagine circumstances in which !arge sums of money 
might be spent on education without improving the oppor
tunities of those sections of the community that are least well 
provided for to-day. 

The very self-fertilizing nature of education, by which 
those who heuefit in one generation see to it that their children 
heuefit in the next, increases the danger ofpersisting inequalities 
of opportunity. There are wide regional differences, for ex
ample, in the provisions of grammar and technical school 
places which are historical and bear no relation to the ability 
of the children who sit the eleven-plus examinations. Since 
the pressure for educational reform is likely to be greatest in 
those areas which are already well supplied with grammar 
schools and least in those which are most deficient, there is a 
danger that priorities will shift from remedying the gross 
deficiencies of the worst areas to tinkering with the minor ones 
in the best. 

The evidence of the National Survey is that there are still 
wide inequalities in educational opportunity in different parts 

G 



88 BIOLOGICAL ASPECTS OF SOCIAL PROBLEMS 

ofthe country andin different types offamily. There are two 
main reasons for this: first, during the early years at school 
social dass differences in measured ability increase; second, 
in the secondary selection examinations children from the 
poorer homes appear to be at a disadvantage, even when those 
of similar ability are compared. 

The children who between the ages of eight and eleven 
fall behind the rest in tests of ability and school achievement 
are characterized as coming from the poorer families, living 
in the least satisfactory homes, having parents who take little 
interest in their school progress and attending primary schools 
with a poor past record of academic achievement. It has been 
suggested that I have exaggerated the extent of the increase 
in social dass differences in test performance as these children 
get older.2 The following table takes account of the statistical 
objections that have been raised and shows that there is a 
substantial moving apart of the social dass scores between the 
ages of eight and eleven, when the same tests ( of reading and 
vocabulary) were used on each occasion. The scores of the 
middle dass children improve in relation to the scores of the 
manual working dass in each of the two tests and in the whole 
group of four tests given at each age. 

Between the ages of eight and eleven many teachers and 
parents put increasing pressure on children in the hope that they 
will gain a selective school place and it is likely that the middle 
dass children, who are on the average ofhigher measured ability 
than the manual working dass children and also have the more 
aspiring parents, are the more pressed. This may explain part 
or the whole of the increasing advantage of middle dass children 
in the tests, though this would not alter the importance for 
selection of the improved performance of the middle dass 
children. That this explanation may be correct is suggested 
by our data for Scotland where children are selected for 
secondary schools a year later than in England and Wales. 
Owing to this, the pressures on Scottish eleven-year-olds are 
likely to be less acute and so the social dass divergence in 
measured ability should be smaller. This is so; at eight years 
the difference in the average reading scores made by middle 
and manual working dass children in Scotland is 5 ·85 points 
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and, at eleven, 5 ·97 points and in vocabulary the relevant 
differences are 8 ·58 points at eight years and 8 ·4 7 points at 
eleven. Thus for these two tests, which were given in the same 
form at both eight and eleven years, the Scottish children show 
no social class divergence in contrast to the substantial moving 
apart of the social classes noted in Table III for the English 
and W elsh children. 

TABLE III 

DrvERGENCE oF MmnLE CLASS AND MANuAL WoRKING CLASS ScoREs 
BETWEEN 8 AND 11 YEARS 

Type test at 8 
and 11 years 

Reading 

Vocabulary 

Average of all tests • 

(English and Welsh children only) 

Divergence in 
social dass test scores 

between 8 and 11 years 

+1·03 

+0·71 

+0·74 

Social dass difference 
at 11 as a percentage 
of social dass differ-

ence at 8 

118 per cent 

111 per cent 

111 per cent 

• AT 8 YEARS the average ofpicture intelligence test, tests ofreading, vocabu
lary and sentence completion. 

AT 11 YEARS tests of verbal and non-verbal intelligence, reading, vocabulary 
and arithmetic. 

These average test scores have in each year a mean of 50 and a Standard 
deviation of 10. 

The second source of unequal opportunity lies at the 
point of secondary selection where our evidence is that, when 
children of the same measured ability are compared, those 
from the lower manual working class have only half the chance 
of getting selective school places of the upper middle class 
children. 4 * Part of this difference is explained by the 
ability and willingness of middle class parents to pay the fees of 
independent schools, but inequalities persist when grammar 
school allocation alone is considered and are most acute in 
those areas of the country when there is the greatest shortage 
of places. 

The information we are now receiving on school leaving 

• For a definition of upper middle dass and lower manual working dass see 
Douglas, J. W. B. : The Horne and the School, pp. 44-45. 
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age, G.C.E. results and university entry is beginning to show 
a consistent picture of unequal opportunity and wasted talent. 
At the moment, we are comparing the educational and 
employment opportunities of children who have been brought 
up in areas which show wide differences in the availability of 
selective secondary school places. I cannot yet give our final 
conclusions but preliminary tables suggest that, even among 
children of relatively high ability, the chances of staying on 
at school after fifteen, of success in the G.C.E. 0-levels, and of 
reaching the sixth form differ considerably from one part 
of the country to another. This is particularly so for children 
from manual working class families; they are most at a dis
advantage in those areas where selective school places are in the 
shortest supply. 

It is sometimes assumed that the better educated move 
up the social ladder because they are the most able and that 
the schools and universities sift out the best endowed and give 
them the opportunity to rise. This is how we would wish it to 
be. The vigour and quality of present day societies depend on 
the efficiency with which their educational systems sift out the 
able children from alllevels and allow them to qualify for posts 
of responsibility. The evidence from many sources is that this 
process in Britain to-day is still far from perfect. 
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GENETICISM AND ENVIRONMENTALISM 

J. M. THODAY 

Department of Genetics, University of Garnbridge 

IN 1894, in one of the clas':>ics of genetics, Bateson wrote the 
following: 

It is especially strange that while few take much heed of the modes of 
Variation or of the visible facts of Descent, everyone is interested in the 
causes of variation and the nature of ' Heredity ', a subject of extreme and 
peculiar difficulty. In the absence of special knowledge these things are 
discussed with enthusiasm even by the public at Iarge.1 

Bateson was then arguing for less talk, opinion and prejudice 
and some study, experimental study, of variation. He prac
tised what he preached and was rewarded by becoming one 
of the most distinguished of the early geneticists: it was in 
fact he who gave the science its name. 

Since then our knowledge of genetics has advanced con
siderably. Nevertheless in many respects and in many fields, 
what Bateson complained ofis still true, most notably in respect 
to psychological characters in man, where the advance of 
genetic knowledge has been slight. 

In this field more than in others experts and laymen alike 
too often know more than is known, and, further, know about 
some particular characteristic things that contradict all know
ledge acquired from study of other characteristics of other 
organisms. Resistance to accepting that others differ from 
ourselves, resistance to believing that what is good for us may 
be bad for others, relics of Cartesian dualism, emotional 
concern about race and dass, indignation because so-and-so 
failed the eleven plus, exaggerated egalitarianism, our habit 
of trying to find a single cause for each phenomenon, and many 
other factors tend to limit our capacities for dispassionate or 
critical thought about such matters. 

Added to this, we are in a situation where many, most 
biologists and many geneticists included, have extraordinarily 
crude ideas of the nature and meaning even of Mendelian 
genetics, still more so of the relevant genetics of characteristics 

92 
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showing continuous vanatwn. Many biologists are in this 
situation, not so much through Iack of teaching, but because 
biology is still pervaded by the type concept, where the 
structure, form and other characteristics of imaginary, ideal 
adults is the almost exclusive interest. The concepts are 
Victorian, and they should have gone out with the beliefthat 
children should be seen but not heard! The adult is merely an 
abstraction from a process of continuous development in which 
genes and environment and interactions between them play 
determining parts. Genes affect processes. Adult ' char
acteristics ' are consequences and aspects of those processes. 

Bateson himself, like all the early geneticists, was of course 
reared in this traditional attitude that gave exaggerated 
importance to adult form, and feil hirnself to some extent into 
the trap it creates. He and many others thought in terms of 
genes for particular adult colours or forms, and, as Stebbins s 
has pointed out, 

started the kind of thinking in which some scientists who are not geneticists 
indulge, when they speak of genes for an eye, a nose, or for musical genius 
or the ability to remernher mathematical forrnulae. 

I t is this kind of thinking that Ieads to discussion in terms of 
heredity or environment, and to the extreme environmentalism 
of many physiologists, psychologists and educationalists, and, 
partly by reaction, to the antithetic extreme geneticism of 
others. 

An illustration ofthis deficient understanding may be taken 
from the Newsom report.4 I would first say that this is one of 
the most imaginative of the reports on educational problems I 
have seen. It contains, in Chapter 2, an unexceptionable 
Statement: 

There were weil over two and three-quarter million boys and girls 
in maintained secondary schools in 1962, all of them individuals, all 
different (italics rnine). 

This statement sets the tone of the report, which frankly 
recognizes that people differ, and that different people may need 
different treatments. 

This is excellent. And it is in no sense of criticism of the 
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Newsom Committee that I draw attention to my next quota
tion, which illustrates how little the role of genetic variation is 
really understood. I quote: 

The results of such investigations increasingly indicate that the kind of 
intelligence that is measured by the tests so far applied is largely an acquired 
characteristic. This is not to deny the existence of a basic genetic endow
ment; but whereas that endowment, so far, has proved impossible to isolate, 
other factors can be identified. Particularly significant among them are 
the influences of social and physical environment; and since these are 
susceptible to modification, they may weil prove educationally more 
important. 

Now there is no statement of fact to disagree with there. 
And no one would disagree that the modifiable factors are more 
important in the practical sense. What I want to draw atten
tion to, however, are two statements whose meaning will not 
pass analysis. The first Statement is that the intelligence 
measured by these tests is largely an acquired characteristic 
and the second isthat the basic genetic endowment has proved 
impossible to isolate. 

About the first let us be clear right away. No characteristic 
is largely acquired. Every characteristic (apart from the 
breeding potential of an individual *) is entirely acquired. 
Every character of an individual is acquired during the develop
ment of that individual. Likewise every character is genetic, 
for to acquire a character during development in any particular 
environment the individual must have the necessary genetic 
endowment; and this is as true of learned characters as of 
those that are not apparently learned. But knowledge of the 
genetic endowment is of little use without knowledge of the 
environmental circumstances also. Every character is both 
genetic and environmental in origin. Let us be quite clear 
about this. Genotype determines the potentialities of an 
organism. Environment determines which or how much of 
those potentialities shall be realized during development. The 
doctrine of fixed abilities is nonsense. 

The second statement is more perplexing. The assertion 
that " the basic genetic endowment has proved impossible 
to isolate" immediately gives rise to the idea that it may in 

* I.e. the potentialities that an individual can hand on to his offspring. 
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principle be possible to isolate genetic endowments, as if we 
could pick out the gene or a group of genes for an I.Q. of 
126 ·5. The statement can only have meaning in the context 
of genes for I.Q. or genes for musical genius, and given such a 
concept of genetics we are straight in the situation Stebbins 
complained of. Furthermore, it provides a context in which 
proofthat environment can affect a character is easily taken 
as proof that genotype does not. 

Let us then consider what it is that genetics has to say 
about such characters as height, or I.Q. in man, yield in corn 
or hair number on flies, in order to approach some feeling for 
the complementary roles of genotype and environment in 
determination of the developmental processes concerned. 

First we must remernher that allsuch characters are relative. 
When we say a man is 5 ft. 6 in. high we are saying that he is 
6 in. shorter than two standard yards, tucked away in the 
National Physical Laboratory or the British Museum or 
wherever the standard yard is kept. Another man is 6ft. 3 in., 
and these measures have only two kinds of use. One is to 
determine which sized door, trousers or what you will will be 
relatively more suitable for one or other man. The other is to 
enable us to say one man is taller than the other. The taller 
man may be said to have the character tallness or to be tall, 
but this is purely a shorthand statement meaning he is 
taller than some or taller than average. Gulliver was tall in 
Lilliput but dwarf in Brobdingnag. His tallness or dwarfness 
had no more to do with him than with the other members of 
the society in which he found himself. The character is an 
abstraction and we give it meaning more than as a mere 
relationship at our peril. Talk of genes for tallness, or of 
isolating a basic genetic endowment for tallness is dangerously 
misleading. 

It is the more so with intelligence, musical ability, mathe
matical ability. When we try to measure these we are measur
ing relations, and we say nothing about the individual as such 
except to place him on a scale relative to other individuals. 
We can say nothing useful about intelligence as measured, 
except in relation to a population. 

When considering any such character therefore, we are 
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considering a population. When asking about the genetic 
factors or the environmental factors that influence intelligence, 
or any other character, we are asking about the causes of 
variety in a population. And whatever we say of an individual 
can only be a statement concerning the differences between 
that individual and others in the population, whether what we 
say concerns his intelligence as measured, or the causes of his 
relatively high or low I.Q. 

Let us then consider a character about which much is 
known, hair number in flies, which can provide a model to 
show how characters of this kind may be influenced. Let us 
remernher we can only talk about differences of hair number. 
Let us ask what factors may affect hair number. 

First, of course, any population we may consider has a 
mean or average hair number. 

Second, it shows variety ofhair number, it has variance. 
Third, the variance has causes, many causes. (The concept 

of a cause of a character has no place in genetics and should 
have nonein biology.) 

Fourth, different populations may differ in mean, variance 
or both. 

Fifth, if two populations differ in mean, there are causes 
of the difference. 

Sixth, if two populations differ in variance, then there are 
more, or more effective, causes of variety in that which has the 
greater variance. 

Seventh, unless the populations have been artificially 
produced by special breeding programmes designed to elimi
nate genetic variety, the causes of variance are always both 
genetic and environmental, and the variance can be partitioned 
into three components, genetic variance, environmental 
variance and variance arising from genotype-environment 
interaction. In other words we may classifY the causes of 
variance into these three groups and assign them relative 
importance. This is true of every continuously varying char
acter that has been adequately studied of any species of out
breeding organism. lt is undoubtedly true of I.Q. variation. 

What may differ from population to population, from 
character to character, or from time to time, is the relative 
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importance of these three classes of cause, or, more precisely, 
the proportion of the variance that is assignable to each of 
these three causes. The proportion of the variance assignable 
to genetic causes, which we call the heritability of the char
acter, may vary for either of two reasons. First, it will increase 
with increase of, and decrease with decrease of the amount of 
genetic variety in the population. Second, it will decrease with 
increase of and increase with decrease of the variety of 
environments in which the individual members ofthe population 
develop. 

This is of the utmost importance. The more uniform the 
environment, the greater will be the importance of genetic 
variety. In other words the greater the equality of oppor
tunity the more important will differences of genetic endow
ment become. 

This is all rather simple. But relations become more 
complex when we consider the third factor-genotype-environ
ment interaction, a factor whose importance will increase with 
the complexity and variety of the genetic and the environ
mental causes of variation, and which must therefore be of 
maximum importance in characteristics that vary with social 
background, harne background, etc. 

Here I want to give an example from experiment, and also 
to illustrate the concepts with two simple models. 

The experiment concerns hair number of flies. A popula
tion of flies was classified for hair number, and two samples, 
exactly comparable, were taken from it. Each sample was 
used to generate a new generation, by mating tagether the 
least hairy female and male, the next least hairy pair and so on 
to the most hairy pair. The average hair number was obtained 
from the progeny of each pair. The two samples' progenies 
were grown in different environments, one at 20° C, the other 
25° C, the parents having all been grown at 25° C. The results 
are summed up in Figure 1, in which the statistical relation 
between parent hair number and progeny mean hair number 
is shown for each environment. 

Two things are immediately obvious. First, the lower 
temperature produces higher hair numbers. The environ
mental difference alters relevant developmental processes 
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effectively. Second, the higher hair number parents produce 
higher hair number progenies. Relevant developmental 
processes are effectively altered by genetic variety in the 
samples. Two less obvious things are important. In neither 
environment is hair number completely inherited, that is to 
say that the extreme hair number parents produce offspring 
with less extreme average hair numbers. Second, the relative 
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FIGURE 1. THE RELATION OF OFFSPRING HAIR NUMBER AT 20° and 25° C to PARENT 

HAIR NUMBER AT 25° C 

The differences of regression coefficient and mean both differed significantly 
between environments. 

effect of genetic difference varies with environment, and the 
relative effect of the environmental difference varies with 
genotype. In fact the temperature of development made no 
difference at all to the progeny of the low hair number parents, 
but a good deal ofdifference to the progeny ofhigh hair number 
parents. This is an example of genotype-environment inter
action. It leads to different heritabilities in the differing 
environments. When the flies developed at 20° C, 40 per cent 
of the variance was genetic, the remaining 60 per cent being 
largely assignable to unknown environmental variables other 
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than temperature. When the flies developed at 25° C, only 
20 per cent of the variance was genetic, 80 per cent being 
assignable to residual environmental factors. 

I give this example not only to show what genotype
environment interaction means, but also to underline the point 
that heritability, that is the proportion of variance that is 
genetic, is not a quantity that belongs to a character in a species, 
but to a population in its environment and will vary according 
to the population and the environment. Controversies con
cerning the heritability of I.Q. in man, arising from different 
estimates obtained by different workers from different samples 
are rather silly. For example it is to be expected that herit
abilities estimated from study of twins reared tagether should 
differ from those derived from study of twins reared apart. 

To return to genotype-environment interaction, the 
situation can be more striking than that illustrated above, for a 
change of en~ironment can actually change the order of 
genotypes. 

For a simple example I turn to yield of wheat, two varieties 
being compared over two years, that is in two environments. 
In one year Turkey Red yielded significantly less than Big 
Frame. In the next year significantly more. Neither environ
ment is best, neither variety is best. One variety is better in 
one year, the other in another year. 

Two imaginary model situations will illustrate the signi
ficance of these considerations. Consider I.Q., and imagine a 
population genetically simple enough to contain only five kinds 
of genotype each equally frequent. Set it in a situation so 
simple that there are only five kinds of environment, alllike
wise equally frequent. 

Without genotype-environment interaction we might get 
phenotypic I.Q. classes as shown in Table II. 

In this simple situation in which there is no genotype
environment interaction it is obvious that, if we wished to 
maximize I.Q., we should give everyone environment E. lf 
on the other hand our motives were egalitarian, we should give 
the A genotypes environment E, and the E genotypes environ
ment A. Or if for economic or other reasons we were only 
able to give environment E ( the best environment from this 
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point ofview) to a few, and wished to have as many high I.Q.s 
as possible in the population, we should have to devise selection 
techniques so that we could choose E genotypes for the E 
environment. 

TABLE I 

RELA'I1VE Ymws oF 'IWO V ARIETIES oF WHEAT IN 'IWO Y:&ARS 

VARIETY 

Turkey Red Big Frame 

YEAR 1913 100 107 

1914 100 85 

(Data in Hayes and Immer,3 Tab1e 38, p. 299.) 

TABLE II 

GENOTYPES 

A B c D E 

!p 80 85 90 95 100 
85 90 95 100 105 
90 95 100 105 110 

~ D 95 100 105 110 115 
~ E 100 105 110 115 120 

By contrast, with genotype-environment interaction we 
might have something like this: 

TABLE 111 

GENOTYPES 

A B c D E 

~r 
80 90 100 110 120 

~ B 120 110 80 90 100 
0 c 90 80 120 100 110 
"' D 110 100 90 120 80 
~ E 100 120 110 80 90 

Now, because I have chosen an extreme situation in which 
all the variance is interaction variance, we have no environ
ment better than any other, and no genotype better than any 
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other. Each genotype requires a different environment if it 
is to develop the highest I.Q. it is capable of. A requires 
environment B, B requires E, C C, D D and E A. 

Now no natural situation is as extreme as these, and no 
natural population as simple. In natural situations there will 
be some interacting and some non-interacting variations of 
both genotype and environment, so that we must think of a 
model somewhere between the two I have given. But in 
addition, we must remernher that natural populations are of 
fantastic genetic complexity, and natural environments are 
also complex, especially the natural environment of civilized 
man, with all the variation in social, economic, educational, 
home and school background, etc., etc. 

It is becoming more and more clear, the more experiments 
we do on the genetics ofnatural populations, that the old idea, 
itself relating to the biological type concept, that populations 
are genetically rather uniform, there being by and large one 
normal or wild-type, along with many abnormalities, each 
rare, is totally misleading. Normal flies, or normal men, 
comprise an extensive array of differing genotypes, genotypes 
that differ in their effects on any characteristic we like to study 
closely enough. So extensive is this variety that we may say 
without exaggeration that, apart from identical twins, no two 
individuals are, or ever have been, genetically exactly alike. 
Each human being is genetically unique. We are gradually 
coming more and more to understand why this should be so; 
but the fact and its immense implications, stillless the value of 
such variety to society, are barely recognized.6. 7 Superimposed 
on this genetic uniqueness, we have the uniqueness of environ
ment of each individual during development, some of the 
environmental variation itself having genetic variation as part 
cause. Unique genotype and unique environment are inter
acting in the development of each individual in unique ways, 
and, though we must classify individuals into groups for scien
tific, administrative or educational purposes, we ignore this 
uniqueness to our great loss and at our peril, and it makes 
nonsense of segregation of races justified solely on the basis 
of differences of average even if the average differences may 
be real. 
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Consider a simple example of this variety, using a clear 
case of a genetic difference in the development of which environ
mental variance plays little part: red-green colour-blindness. 
First this is a genetic difference leading to a difference in 
perception of the outside world. A colaur-blind individual 
meets a different environment, experiences a different world, 
from a colour-perceptive individual. No doubt there is loss 
in this for him, though it must be loss he cannot appreciate any 
more than we can. But there is also gain. One factor con
tributing to the success of Drosophila experiments in my 
department is the colour-blindness of one of our senior workers. 
He can classify some phenotypes important to our breeding 
programmes which the rest of us cannot. We can classify 
some that he cannot. He teils me also that colour-blindness 
has advantages in another field, the dyeing industry. For certain 
jobs which involve careful matehing oftints ofthe same colour, 
colour-blind individuals are in great demand. Both genotypes 
have value, and society is the better for the existence of this 
variety. 

We may even question whether a complex, integrated 
society such as ours is possible without genetic variety, for the 
integration of a society clearly requires differences as weil as 
similarities between the individuals that have to be integrated. 
The rigid social systems of ants and bees depend largely on age 
structure and rearing differences and rather little on genetic 
differentiation apart from that distinguishing the sexes of bees. 
But it is striking that among primates even so relatively simple 
a social organization as that of baboons seems to depend 
on uniqueness of the individual. All members of the group are 
individually recognizable by each other. It seems doubtful 
whether the complexity of social organization upon which 
human success depends could have developed without the 
extensive genetic variety human populations contain. 

Another example I wish to consider illustrates an even 
greater complexity of genotype-environment interaction: this 
time from work on mice. De Fries 2 has recently reported 
the following facts. Pregnant female mice of various inbred 
strains were subjected to stress conditions in swim tanks, 
sound chambers, etc. Sturlies were made of behaviour of 
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their offspring and those of controls. Significant effects of 
treatment of mother on behaviour of offspring were observed, 
but these effects of treatment varied both with genotype of 
mother and with genotype of offspring. Here we see a beautiful 
example of mother's genotype interacting with mother's 
environment to affect offspring's environment, and offspring's 
environment interacting with offspring's genotype to determine 
the mode of offspring's development and hence the observed 
characteristics of offspring. Such situations, made more com
plex by considering interaction between parent and offspring 
in the house, parent, offspring and teacher in the school and 
so on provide the sort of model we must think about when 
considering biological variation in relation to educational 
policy. 

An old cardinal principle of education takes these com
plexities into account. It is the principle that each pupil 
requires individual attention, in other words a unique environ
ment. Y et at the present time we see more and more stress 
on a different principle, that it is unfair if some get better 
opportunities than others. This would be fine if it were not 
coupled with an implicit assumption that the best opportunity 
for one would be the best for all. Thus arises much of the 
disturbance about selection for education, and the unfairness 
of giving some ' better ' opportunities in grammar schools and 
universities, controversy about the eleven plus, and so on. 

All these attitudes are tenable only if we assume that there 
is such a thing as human nature. Butthereis not. There are as 
many human natures as men. To do his best for society, or to 
get the most from life, or to have the best compromise between 
the two, each individual would require a unique, carefully 
chosen environment. This we cannot provide, if only because 
we do not know enough. But in one sense at least selection 
techniques for educational streams are an attempt to do the 
best we can. Some injustice arises from selection because our 
selection techniques are of limited efficiency, but we know, 
both on the theoretical grounds, and from direct experience, 
that injustice can also arise through lack of selection, or from 
giving individuals a so-called better environment which is 
unsuitable for them. 

H 
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For an example of this experience I quote Valentine: 8 

Again, one is constantly brought up sharply by ignorance among parents 
of elementary facts as to innate differences in mental ability. Some parents 
simply cannot believe that one of their own children may be innately dull 
and unable to emulate the achievements offather or elder brother; and it is 
unfair to expect the teacher or the psychologist called in to treat the child, 
to be the first to inform the parents of the main facts as to individual 
differences. 

Such ignorance may be found even in well-educated parents. For 
example, one of such recently brought his eighteen-year-old daughter to 
me for advice about difficulties in reading. She was a pleasant and sociable 
girl, and in a large private school she had been pushed up finally into one 
of the Senior classes. Yet her I.Q. I found tobe only about 90, and her 
reading quotient even lower; she made mistakes in reading words usually 
assigned to the age of seven. Her arithmetic was even worse; though she 
was studying stocks and shares, she was uncertain on multiplication tables, 
and simple fractions. It was another example of the familiar fact that a 
child's progress may be made worse than it need be by work beyond his 
capacity. The father was told that the girl must be started in reading and 
arithmetic from the beginning. Expert coaching brought her along very 
weil for a time, but it was eventually spoiled by the father's strong con
viction that more advanced work would increase the rate of progress. The 
father attempted this at home, and the girl at once showed confusion and 
retrogression. Our educational psychologists could give many such ex
amples in which parents' ignorance as to elementary psychological facts, 
or worse, their strong belief in erroneous ideas, have made proper treat
ment much harder. 

In our local press recently parents have protested against a child being 
placed in a C class on the grounds that it did not give him the same chance 
as those who were in the A or B stream; they were completely unaware 
of the fact that a child is placed in a C class precisely in order to give him 
the best chance of progress. 

Even some teachers still allow too little for individual differences. 
Children are pushed up to higher classes on the ground of age; Iack of 
progress is sometimes attributed too readily to the child's not doing his 
best. Even a child's poor performance in an intelligence test is sometimes 
taken by a teacher as a reflection on her own teaching. 

Let me end by pleading that geneticism and environ
mentalism both may die a rapid death; that we begin to realize 
that the question" Isthis character inherited or is it acquired?" 
can never have an answer other than 'No', because the question 
has no meaning; and that we take into account, in social and 
educational theory, policy and polemic, the biological fact of 
the uniqueness of the individual, implying as it does that the 
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needs of each individual are unique and that it is Just to treat 
different people differently so long as each is treated as weil as 
possible. 

Nobody has the equipment necessary for discussion of these 
topics unless he thoroughly understands the concept of geno
type-environment interaction in development, and appreciates 
that all men are different, different from conception. 

DISGUSSION 

It was pointed out during the discussion following this 
paper that many business men used to regard it as better to 
let their children gain experience in offices from fourteen 
rather than go on at school since they were not scholastically
minded, and the questioner asked whether the Butler Act was 
wrong in raising school leaving age rather than reducing the 
size of classes. He quoted Dean Alington, Headmaster of 
Eton, as holding the view that there were two kinds of boys, 
the scholastic and the non-scholastic, and that the latter were 
better put to practical work without delay. PROFESSOR 
THODAY replied that he would not feel able to judge the 
cultural, social and economic merits of smaller classes versus 
Ionger schooling, but he did not feel the concepts of two 
distinct classes of boys likely to be anywhere near the truth, 
the variation being continuous not discontinuous. 

Asked whether he had not been unrealistical in dividing 
characters into three classes, genetically determined, environ
mentally determined and interacting, and in suggesting little 
action of environment, Professor Thoday said that he had not 
classified characters at all, and in fact did not think it proper 
to do so. It is the causes of variation of any character that 
must be so classified, all characters varying for all three causes. 

In answer to another questioner Professor Thoday said 
that he would thoroughly agree that we should have equal 
opportunity to enter the maximum variety of educational 
systems. 
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CONCLUSION 

SIR SYDNEY CAINE 

London School of Economics and Political Scunce 

MUCH has been written in the past about the relationship 
between social dass and fertility, and more particularly about 
differential fertility and its possible effects on movement 
between one dass and another. The three papers given at 
this session, while each throwing light on individual aspects of 
the problem, tagether emphasize the difficulty of formulating 
any general condusions. 

The paper prepared by Dr Young and Dr Gibson, and 
presented by the latter, discusses various theories advanced 
in the past, on the one side connecting mobility with the 
need to maintain the numbers of the higher social dasses in 
conditions of differential fertility and on the other relating 
fertility inversely to I.Q. levels. The authors of the paper 
raise doubts concerning these theories, examining in more 
detail the statistical basis of previous condusions regarding the 
comparative fertility of different I.Q. dasses. They suggest 
that differential fertility, though still to be reckoned as one of 
the factors involved, is not as large an influence as some 
writers have supposed; and they themselves rely for the 
explanation of the mobility between dasses, the rates of 
which they find to be unexpectedly uniform in varied societies, 
on a ' cybernetic ' mechanism based directly on intrinsic 
differences in intelligence rather than on differences in fertility. 

Dr Douglas's paperwas more concerned with mobility as 
affected by differences in the education actually received, 
and in particular with the varying extent to which children 
of different dass origins take advantage in practice of the 
opportunities in principle open to them. He was not to any 
large extent concerned with relationships between mobility 
and fertility and it would not, I think, be unfair to summarize 
his condusion as being that dass differences still have a very 
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strong tendency, through psychological attitudes and econornic 
pressures, to perpetuate themselves via the educational system. 

Finally, Professor Thoday, speaking as a biologist rather 
than a sociologist, strongly emphasized the individual character 
of reactions to any situations and gave a warning against too 
much generalizing on the basis of classes and categories of a 
rigid kind. His paper rubbed in the lesson to be learned from 
the others that much more detailed investigation is needed 
into the complex of what Professor Thoday called " genotype
environment interaction in development " if we are to under
stand effectively the interactions ofsocial mobility and fertility. 
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INTRODUCTION 

L. S. PENROSE 

Galton Laboratory, Universiry College, London 

T HE clash between the aims of medicine and eugenics has for 
a long time raised a basic ethical principle. It is supposed 
that the advance of therapeutic techniques enables weaklings 
to survive and thereby endangers the genetical structure 
which the human race has achieved by natural selection. 
Potentialities for physique and intelligence are consequently 
expected to decline. Must we, therefore, for the good 
of the race, abandon the physician's primary duty to the 
individual? 

In the early days of Eugenics Societies, the expected 
dysgenic evils were actively combated by propaganda 
directed against proliferation of the supposedly unfit. Much 
of this energy was expended on the basis of incorrect assump
tions about human genetics and the psychological atmosphere, 
so created, sometimes tended to hinder unbiased fact-finding 
researches. I am not a member of this Society, so I shall not 
be accused of boosting it if I say that its members have always 
practised considerable restraint in these matters as compared 
with other groups. 

When Galton first expressed his opinion that it should be 
quite practicable to produce a highly gifted race of men by 
judicious marriages and by checking the birth rate of the unfit, 
very little was known about genetics. As more was learned 
about the mechanisms of genes, chromosomes, population 
dynamics and the interaction of genes with environment, 
many of the fears of the early eugenists were seen to be un
founded; but most of the hopes of dramatic success have also 
been shattered. 

The central question of eugenic policy remains still un
answered: namely, how to specify which genes should be 
encouraged. Naturally, everyone thinks that his own family, 
tribe, nation or race must be the best and the healthiest for the 
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future; but this is an arbitrary decision. The control, pre
vention or eure of hereditary disease is a legitimate aim of 
ordinary medicine and grandiose eugenical ideas about race 
improvement are unnecessary. Eugenics introduces values not 
recognized in medical philosophy and, on occasion, in the 
form of race hygiene they have even been used to justify 
inhuman and disastraus policies. 

At the back of some of this thinking there are two types of 
fallacy which have been gradually exposed. First, and most 
obvious, is the attribution to heredity of a disease or social 
disturbance which subsequently is shown to be mainly caused 
by environment. This happened with leprosy, tuberculosis, 
syphilis, nutritional deficiencies, poverty and criminality. 
People are becoming increasingly inclined now to accept the 
significance of environmental influences on physique and 
intelligence. 

Then, secondly, there is the false assumption that genes are 
naturally and consistently either good or bad so that extennina
tion of all bad genes could be a reasonable aim. This dogma 
is Contradieted by the subtle phenomena of gene interaction. 
The same gene can be favourable in one circumstance and un
favourable in another like anti-malarial genes, which will be 
discussed later in this symposium. The problern of maternal
foetal incompatibility also belongs here. The genes responsible 
for it are not bad in themselves, but in specific situations they 
cause serious darnage to the foetus. Chromosomal aberrations, 
especially inversions, are also known to have surprisingly 
unpredictable effects on fitness. 

Furthermore, as environment alters, there can be neutral
ization or even capitalization of formerly deleterious genic 
effects. A typical example, which I have quoted before, is the 
hereditary loss of body hair which obliges the human animal 
to wear clothes in cold climates. Correction of myopia by 
glasses or of diabetes by insulin is no more extraordinary than 
correction by clothes of the effect of our gene for hairlessness, 
which we take for granted. Continuous evolution in a civilized 
society has involved changes of gene constitution in countless 
ways. These changes are deleterious only if the ideal consti
tution is considered to be that required for life in uncivilized, 
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wild conditions. Formerly, we had to acquire particular 
genes to defend ourselves against parasitic diseases, for ex
ample, through many centuries of natural selection. Now we 
do the same thing more efficiently in a few decades by phar
macological research and the introduction of public health 
measures. Civilization and its medical appurtenances have, 
in fact, increased human fitness to such an extent that a funda
mental problern now confronting the human race is how to 
diminish its fertility. 

The founder of the Bugenies Education Society, Francis 
Galton, said that its business was to publicize and popularize 
results of relevant scientific inquiries; perhaps also it could 
learn about the needs of investigators and encourage them. 
The existence of the present symposium indicates emphasis 
on this tradition. 



MEDICINE AND NATURAL SELECTION 
IN MAN 

J(ENNETH ~ATHER 
Departmmt of Genetics, Universif:)l of Birmingham 

WE take it for granted in our ordinary daily life that no two of 
us are alike. We just assume that we can distinguish among 
our fellow men at sight and indeed the organization of our 
society could not continue as we know it were this not the case. 
Nor are the differences among us merely superficial: they ex
tend to every aspect of our being, anatomical, physiological 
and mental. Some of them reßect the differential action of 
external agencies, and others the effects of society itself. But 
much of our diversity is inborn, springing from differences in 
the genetical materials with which we are endowed by our 
parents. Indeed it is not only true that phenotypically each 
of us is unique: identical twins apart, no two of us are alike 
genetically either. 

N ow, genetical differences are expressed in every character 
or trait that we can display and their effects may be of any size 
from those that involve the grossest of upsets to others so small 
as to be detectable only by the most refined observation. 
Furthermore, these genetical differences affect our fitness, using 
this term in its Darwinian sense, that is our prospective contri
bution to posterity. In other words, we, like other species, 
are subject to the action of natural selection. In fact, some 
of the clearest and most elegant examples of the action of 
natural selection come from man. 

The action of natural selection is, of course, by no means 
always or even generally towards continuing change in the 
genetical constitution of a population. Change will be brought 
about when circumstances alter, but once an adequate genetical 
adjustment has been achieved selection will act towards 
stabilizing that adjustment. We thus have a picture ofhuman 
populations as mixtures of genetically diverse individuals, 
but mixtures which tend towards equilibria under constant 
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or near constant conditions. In so far as equilibrium is 
approached or attained it is because a balance is achieved 
among the agencies of variation-especially mutation and 
recombination-and the forces of selection. If these stay 
unaltered, the equilibrium will persist once it is achieved; but 
if the agencies of variation or the forces of selection are disturbed 
the genetical constitutionofthe populationwill alteraccordingly. 
Equilibrium is not rigid but labile, springing from an interplay 
of pressures and subject to adjustment by any alteration ofthat 
interplay. And one ofman's most active pursuits is the altera
tion of these pressures and their interplay, not only on other 
species wild as well as domesticated, but also on man himself. 
Sometimes our action is deliberate and sometimes unwitting. 
Sometimes it is directed and sometimes incidental. But 
conscious or not, directed or not, it must be expected ultimately 
to have its genetical consequences in the population. 

MUTATION AND SELECTION 

Many genetically determined upsets have been recognized 
and though each is relatively rare in its occurrence, taken 
together they have been estimated to account for at least 
1 per cent of all births in a population such as our own. 4. 11 

Where it has been established, the mode of inheritance is in 
some cases through a dominant gene and in others through a 
recessive, the genes sometimes being autosomal and sometimes 
sex-linked. But, whatever the mode of inheritance, these genes 
must be expected to reduce in greater or lesser degree the 
Darwinian fitness of the individuals displaying their effects. 
In some cases we have reliable estimates of the size of this 
reduction in fitness, though in others we can still do little more 
than guess. 

Now any such reduction offitness must be tending to reduce 
the frequencyin the population ofthe causal gene, for byits very 
action the gene is reducing the numbers of offspring to whom it 
can be transmitted by the normal process of heredity. Yet 
these genes, and with them the disabilities they determine, 
have not vanished. They must be held in the population by 
some process which balances this action of natural selection 
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and this process must commonly be replenishment of the pool 
of these genes by mutation from their normal alleles. So any 
agency which raises the rate at which this mutation occurs, or 
which reduces the loss of fitness by increasing the affected 
individuals' prospects of leaving offspring, must tend to raise 
the frequency of the gene and hence the frequency of the 
disability in the population. 

We can explore the consequences of raising the mutation 
rate or reducing the loss of fitness with greater precision if 
we assume that the effects of mutation and selection balance 
one another so that the population is in equilibrium in respect 
of the gene and the disability it causes. Then if f is the pro
portion of the population displaying the effect of the gene, 
p, is the rate of mutation to the gene from its normal allele 
and s is the reduction in fitness suffered by the affected indi
viduals (i.e. their fitness is 1-s, where that ofnormal individuals 

is 1) it can be shown that at equilibriumf = k '!: where k is a 
s 

constant whose value depends on the mode ofinheritance, being 
1 for recessive genes and 2 for dominants. 

Clearly increasing the mutation rate, p,, will raise the 
incidence ofthe disability,j, as also will reducing the unfitness, 
s. Furthermore the effect of change in one can be matched 
exactly by an appropriate change in the other. For example, 
either doubling p, or halving s will result in doubling j, when 
equilibrium has been re-established. 

The consequences of raising the mutation rate in increas
ing the incidence of disability have been the subject of wide 
discussion in relation to the hazards of ionizing radiations. 
They require no further emphasis now, though we may note 
in passing that if the present pattern of exposure continues, 
any incidence in mutation rate as a result of man-made radia
tion will arise in the main from their medical uses. The conse
quences of reducing the unfitting effect of the genes has 
received less attention, though this may be said to be one of 
the aims of medical science in that means are constantly 
being sought for remedying or at least alleviating the dis
abilities caused by these genes. The introduction of treatment 
by insulin has materially raised the fitness of diabetics with the 
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result that the genes which appear to underlie this condition 
must be increasing in frequency. To take another example, 
the treatment introduced some years ago for phenylketonuria 
offers promise of materially alleviating this condition with the 
result that phenylketonuriacs may be leaving progeny behind 
them. With such a reduction in s, the phenylketonuria gene 
will inevitably increase and with it j, the incidence of the 
condition in the population. True, an increase from this cause 
has yet to be demonstrated: it is still no more than an inference 
in this case. In the case ofpyloric stenosis, however, we already 
have evidence of the raised incidence of the condition among 
the offspring of successfully treated parents,3 though the 
genetical causation of the upset has not yet been made fully 
clear. 

How serious a problern is medicine creating for itself by 
the changes it is gradually bringing about in these forces of 
natural selection? From the direct point ofview it may be held 
that such an increase can hardly be regarded as menacing 
in so far as it springs from the success of a treatment which can 
be extended in its application-though in general one would 
prefer to see fewer rather than more individuals coming to 
require either the insulin injections of the diabetic or the sort 
of diet which is now being fed to phenylketonuriac children. 

The problern may also be examined from another point of 
view. How rapid an increase in a genetically determined 
disability is to be expected from its successful treatment? 
As we have already seen, a rise in the mutation rate and a 
corresponding reduction in the unfitness will have the same 
effect on the incidence of disability when equilibrium has been 
re-established ; but they do not result in the new equilibrium 
being approached at the same speed. This difference is illus
trated in Figure 1 where doubling the mutation rate and 
halving the unfitness are compared in their effects on the inci
dence of achondroplasia, haemophilia and phenylketonuria. 
Achondroplasia, mediated by an autosomal dominant gene, 
reduced fitness to 0 ·2, s being thus 0 ·8. Haemophilia, due to a 
sex-linked recessive, reduces fitness to 0 ·125, s being thus 
0 ·875. Phenylketonuria, due to an autosomal recessive gene, 
reduces fitness to 0, s being thus 1. 
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The effects of altering either p. or s are shown very much 
more rapidly for achondroplasia than for phenylketonuria, 
haemophilia being intermediate and nearer to achondro
plasia. In all cases, however, the rise in f is much slower 
following the halving of s than after the doubling of p.. The 
reason is, of course, that although the increase infis the same 
in the two cases, it comes about in different ways as can readily 
be seen if we look at the incidence of achondroplasia. Here 
every achondroplasia gene, being dominant, shows its effects 
in every individual carrying it, and since s = 0 ·8 every genera
tion sees 80 per cent of the genes lost, the loss being made good 
by new mutants. So, out of every hundred achondroplasiac 
individuals, twenty owe their causal genes to transmission 
from their parents and eighty owe them to mutation. If the 
mutation rate is doubled, 160 new genes come into being 
by mutation, with the result that 160 +20 = 180 affected 
individuals appear in the first generation for every 100 in their 
parental generation. Of these 180, 20 per cent, or 36, pass on 
their genes to their offspring who together with another 160 
new mutants give 160 +36 = 196 in the second affected 
generation and so on. The approach to the new equilibrium 
with 200 achondroplasiacs for every 100 originals, is thus 
rapid and is virtually complete in four generations, that is in 
just over a century. 

If, however, s is halved to 0·4, affected parents pass on 
sixty out of every 100 genes to their offspring. The contribution 
from mutation stays at 80, and 60 +80 = 140 achondro
plasiacs for every 100 in the parental generation. Of these 

FIGURE 1. (Opposiu) The approaches to the new equilibrium, with double the 
incidence of affected individuals, produced by doubling the mutationrate (2 p.) 
and halving the unfitness of affected individuals (s/2), for : A. achondroplasia 
(mediated by an autosomal dominant gene with s = 0·8) ; B. haemophilia 
(mediated by a sex-linked recessive gene with s = 0·875); and C. phenyl
ketonuria (mediated by an autosomal recessive gene with s = 1). The rise 
in incidence of the condition in the population from its initial value, taken 
as 100, towards the new value at the new equilibrium, shown as 200, is 
given by the solid lines. In all three cases the rate of rise with s/2 is slower 
than that with 2 p. though the ultimate equilibria are the same. The fall from 
the new equilibrium, brought about by restoration of the original mutation 
rate or unfitness as the case may be, is shown by the broken lines marked R. 
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140 genes, 60 per cent, or eighty-four are transmitted and 
with another eighty new mutants give 84+80 = 164 affected 
individuals in the second generation. The rise is slower 
and some nine or ten generations, or 250 to 300 years, are 
needed before it is virtually complete. It is noteworthy, 
however, that if, when the new equilibrium is attained, the 
original situation is restored (by halving the doubled mutation 
rate or doubling the halved unfitness as the case may be) 
the speed of return to the original equilibrium is the same in 
both cases and is equal to the speed of rise with a doubled rate 
of mutation. 

With haemophilia and even more so with phenylketonuria, 
most of the causal genes, being recessive, are hidden in hetero
zygotes where they do not display their effects. They are thus 
transmitted to the offspring without any loss, only the minority 
of genes in affected individuals suffering loss in transmission 
because of the unfitness they cause. So reducing s has a less 
rapid effect than in the case of achondroplasia. The balancing 
increment added by mutation is also relatively smaller so that 
raising the mutation rate also has a less rapid effect. In all 
cases, however, the effect of doubling p. is a more rapid rise 
than is brought about by halving s, even though once reached 
the new equilibrium is the same in both cases. The rate 
of rise of a condition, like phenylketonuria, caused by a 
recessive gene is very slow. With a doubled mutation rate, 
ten generations or some three centuries would see an increase 
of only about 10 per cent and with a halved unfitness an in
crease of only 5 per cent. 

We have seen how raising the mutation rate or alleviating 
the condition will bring about an increase in the frequency 
of the condition. How can this frequency be reduced? Lower
ing the mutation rate would of course effect such a reduction, 
but while we can raise mutation rates we do not yet know 
how to decrease them. Increasing the unfitness would in 
principle achieve the same end, but with s at 0 ·8 to 1 ·0, as in 
the cases of the disabilities we have been considering, no 
reduction or only a very small one, is possible by the most 
extreme measures such as sterilization, even ifwewere prepared 
to contemplate them. A reduction to 80 per cent in incidence 
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is the most that could be achieved with achondroplasia, until 
means are found of lowering the mutation rate. 

With recessive genes, other possibilities are, however, 
open. Of these two may be mentioned, both of which depend 
on recognizing heterozygotes. If these could be recognized 
and persuaded or discouraged from reproducing or always 
mated to individuals homozygous for the normal gene, the 
incidence of the disability would be reduced. In the former 
case it would be reduced to zero, but in the latter case affected 
individuals would still appear because ofmutation in the normal 
mates of the heterozygotes. The reduction would nevertheless 
be very great: in fact it would be the present incidence multi
plied by about twice the square root of the mutation rate. 
With phenylketonuria, wherefis now about 1/40,000 and VI-' 
about 1/200, the reduced frequencywou1d be about 1/4,000,000. 

The two procedures would be alike in sharply reducing 
the incidence of the disability but they would differ in their 
effects on the frequency of the gene itself as opposed to the 
disability it causes when homozygous. Prevention of hetero
zygotes from breeding would lower the number of causal genes 
in the population as weil as the number of affected individuals ; 
but the mating of heterozygotes to homozygous normals 
would Iead to a steady rise in the frequency of the gene, hidden 
behind the cloak of its recessiveness in the increasing number of 
heterozygotes. 

Individuals heterozygous for some genes, like that for 
phenylketonuria, can already be recognized by appropriate 
tests and we may expect more of them to become recognizable. 
Heterozygotes mated to one another can, of course, always be 
recognized when they produce an affected child. If such a 
couple were to curtail their families as soon as an affected child 
was born one-quarter of them would have only one child, 
three-sixteenths would have only two (an unaffected followed 
by an affected child), nine out of sixty-four would have three 
(two unaffected followed by an affected child) and so on. 
The number ofaffected individuals would be thus reduced by a 
proportion depending on the size of the family that would 
have been in prospect had no affected child appeared. With 
prospective families of one, obviously no reduction would 
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ensue. With prospective families of two, the numbers of affected 
individuals would be reduced to 7/8 ( = 0 ·875), with prospective 
fami1ies of three to 37/48 (0· 771); with prospective fami1ies 
of four to 175/256 ( = 0·684), and so on. This breeding test, 
if it may be so styled, thus has its effects but these become 
striking only where prospective families are relatively 1arge. 

POLYMORPH15M 

Not all variants are maintained in populations by the 
balance of mutation and selection. The classica1 case of a 
disability which is not so maintained is siekle-eeil anaemia 
which in some negro tribes oceurs at frequencies far too high 
to be attributable to mutation prcssure and which Allison 1. 2 

has indeed shown to be determined by the balance of two 
selection pressures. Individuals homozygous for the siekling 
gene have abnormal haemoglobin, suffer from anaemia, 
develop abnormally and show a fitness of only about a quarter 
of the normal. Their haemoglobin confers on them, however, 
resistance to a malarial infeetion. Individuals homozygous for 
the normal allele have normal haemoglobin and develop 
normally but are subject to the malarial infection and so show 
reduced fitness in malarial regions. The heterozygotes have 
both kinds of haemoglobin and enjoy the best of both worlds: 
they both develop normally and are resistant to the malaria. 
The heterozygotes are thus fitter than both homozygotes, with 
the result that both the siekling gene and its normal allele are 
held in the population with frequencies depending on the 
balance of selective disadvantage of the two homozygotes. 
Where u is the frequency of the normal gene and v ( = 1-u) 
that ofthe siekling genein the population, with sN the unfitness 
of the normal homozygote and s A that of the anaemic homo
zygote, when equilibrium is struck 

This can be rewritten as v = s N u 
SA 

so that the frequency of the siekling gene will rise as the ratio 
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of unfitness of the normal homozygote to the unfitness of the 
siekler homozygotes falls, and vice versa. In other words the 
proportion of the population suffering from siekle-eeil anaemia 
will depend not only on the Ievel of unfitness whieh their 
eondition brings about in them, but also on the ineidenee of 
malaria and the unfitness it eauses in the normal homozygotes 
(Figure 2). Siekle-eeil anaemia will beeome more eommon 
if the ravages of malaria inerease and will diminish in its 
ineidenee as malaria is brought under eontrol. Removal from 
their malarial homelands to a malaria-free eountry will bring 
about a reduetion in siekling and this appears to have happened 
among the Negroes of the U.S.A.I Equally the elimination of 
the malaria earrying mosquitoes will reduee the ineidenee of 
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FlGURE 2. The frequencies of anaemic homozygotes, sickler heterozygotes and 
normal homozygotes in populations at equilibrium for the siekle-eeil gene in 
relation to the loss of fitness brought about by malaria in the normal homo
zygotes (reproduced from Mather, 1964). 
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the siekling condition as well as that of ma1aria. The invention 
of DDT offered the means of controlling this anaemia! 

How quickly will a change in balance of the selective forces 
produce its effect? Figure 3A shows the changes in frequency 
of the three types, anaemic homozygotes, siekler heterozygotes 
and norma1s, in a popu1ation in which 4 ·4 per cent of the 
children are born to be anaemics and 33 per cent are hetero
zygotes (frequencies which are at equilibrium when the fitness 
of the normal homozygotes is reduced to 0·8 by malaria), 
consequent on the elimination of malaria and hence the raising 
of the fitness of the normal homozygotes to equal that of the 
heterozygotes. The frequencies shown in the figure are not 
those among the children at birth but among the adults after 
three-quarters of the anaemics have been eliminated. After 
ten generations the anaemics have been reduced among the 
adults from 1 ·1 per cent to just under 0 ·2 per cent and the 
heterozygotes from 34 per cent to 15 per cent. The change is 
thus not a very rapid one: after ten generations, or something 
like 250 to 300 years, there is still a long way to go before the 
gene and with it the siekling condition is eliminated. Further
more the speed of change is falling. Not, of course, that the 
gene would in any case be completely eliminated. Presumably 
it continues to arise from its normal allele by mutation and while 
mutation pressure can be neglected when we are dealing with 
the balancing effects of the two selective forces, it would ensure 
that the gene was held in the population when one of these 
forces had been eliminated. In fact as the gene became rare 
it would tend towards the equilibrium determined by the 
balance of mutation and the remairring force of selection, as 
discussed in the previous section. 

The change in a population where s n was not reduced to 
zero but halved is shown in Figure 3B. Here the approach 
is not to reduction ofthe siekling gene to the low level maintain
able by mutation, but to the new equilibrium determined by 
the ratio of the changed Sn to sA. After ten generations there 
is still some way to go, though not so far as in the population 
shown in Figure 3A. This same pattern of change would 
follow of course whenever the ratio snfsA was halved, whether 
this was achieved by halving Sn, doubling sA, quartering Sn 
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FIGURE 3. A. The changes in the frequencies of anaemics, sicklers and normals in 
a population initially at equilibrium with malaria reducing the fitness of 
normals by 0 ·2, when the unfitting effect of malaria is abolished. The 
approach is to a new equilibrium at which both anaemics and sicklers would 
be virtually absent. 

s. The corresponding changes in the population where the unfitting effect 
of malaria is not abolished but halved. The approach is to new equilibrium 
frequencies shown by the heavy line horizontally across the diagram. 
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while halving sA or by any other simultaneaus adjustment of 
s n and s A in the right proportion. I t is not the strengths of the 
individual forces of selection that matter, but the ratio that 
they bear to one another. 

Variants maintained at reasonably high frequencies in the 
population by a balance of selective forces may be described 
as polymorphisms. U nlike sickle-cell anaemia, most human 
polymorphisms are not associated with conditions that result 
in marked reduction of fitness. The best known and most 
widely studied of the human polymorphisms are the blood 
group systems, especiaily the ABO system. Evidence is 
coming available associating these blood groups differentially 
with certain diseases. 7. IO There can thus be little doubt 
that selection is involved in their maintenance in human 
populations, but just what these forces of selection are and how 
they interact, or even whether they maintain the polymorphism 
by endowing heterozygotes with an advantage or act in some 
other way, is not yet known. Of certain things, however, we 
can be sure; that whatever the forces of selection may be, they 
are being changed by medicine, preventive as weil as curative; 
that these changes will result in corresponding readjustment of 
the polymorphism; and finaily that, as with siekle-eeil anaemia, 
the readjustments will be relatively slow in their progress. 
The blood group polymorphisms can still be used as short
term indications of human migration and crossing, even if in 
the long term their shapes are determined by selective balance 
rather than racial origins. 

CONTINUOUS VARIATION 

The variants considered so far have all been of the kind 
leading to clear differences by which individuals can be classi
fied into sharply distinct categories. Much of our variation is, 
however, quantitative rather than qualitative, with the 
character showing every degree of expression between wide 
limits (Figure 4). Such continuous variation is partly non
heritable, reflecting the action of external agencies, and partly 
heritable, the genetical differences being, however, not simple 
as in the cases considered earlier but characteristically complex 
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in that they reflect the operation of polygenic systems. The 
genetical equilibria underlying continuous variation are 
therefore incapable of representation by the simple relations 
that suffice where inheritance is less complex. Nevertheless 
natural selection can be seen to be acting on continuous 
variation and changes in the forces of selection will produce 
changes in the distribution of the character in the population 
just as they will in the proportians of individuals falling into 
the classes distinguished in the simpler genetical situations. 
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FIGURE 4. The distribution of birth weight (hatched histograms) and the rates 
of early mortality (broken curve) among 13,730 children. The percentage 
mortality is set out on a logarithmic scale for ease of presentation, the values 
actually observed for the classes of birth weight being represented by the 
points to which the curve is an approximation. M marks the mean birth 
weight and 0 the birth weight associated with the lowest mortality. (Repro
duced from Mather, 1964. Basedon data from Karn and Penrose, 1952.) 
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varying character characteristically follow a normal distri
bution or something akin to it, and for our present purposes 
we may consider selection as capable of acting on the character 
in two ways (Figure 5). The forces of selection may favour 
the central expressions of the character at the expense of the 
more extreme. The selection may then be said to be stabilizing 
since it tends to stabilize the mean expression, which is of course 
the most-favoured or optimum expression. Or the forces of 
selection may favour some expression other than the mean. 
Selection may then be described as directional since it will 
tend to move the mean expression towards the optimum with 
which, by definition, it does not coincide. This action of 
directional selection in shifting the expression of the character 
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FIGURE 5. Stabilizing and directional selection. The solid figures represent the 
distribution of the character in the population and the broken curves the 
relative intensity of selection against the various expressions of it. 0 is the 
optirnum expression, suffering the least action of selection. In stabilizing 
selection the average expression is the optimum and the action of selection 
is to narrow the range of expression. In directional selection the average 
is not the optirnum and selection tends to shift it towards this optimum. 
(Reproduced from Mather, 1964.) 
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is well known from experiment and has been the basis of our 
breeding of improved strains of domestic animals and plants 
as well as of natural changes in evolution. Stabilizing selection 
is of course also practised by plant and animal breeders to 
maintain their strains once they have been achieved. 

A clear case of stabilizing selection in man is provided by 
Karn and Penrose's s data on birth weight in relation to neo
natal mortality (Figure 4). The frequency distribution of 
birth weight approximates to a normal curve with mean just 
over 7 lb (taking boys and girls together). Neonatal mortality 
is at its lowest for children with birth weights in the central 
range, the optimum weight being perhaps just a little above 
the mean but still less than 8 lb. Mortality rises sharply 
as weight moves away from the mean in both directions. The 
result of this selection is that the surviving babies show only 
80 to 90 per cent of the variation (according to the way it is 
measured) of the babies born, but the mean is hardly affected. 
The genetical component of these differences in birth weight 
is complicated by dependence partly on the mother's genotype 
as well as on that of the child itself, but in total it would seem to 
account for some 40 per cent of the variation.S Assuming that 
selection does not distinguish between differences of genetic and 
non-genetic origin, the heritable variationwill be reduced by 
10 per cent or more, just as in the total variation. 

Now selection will be weakened by any medical treatment 
which is successful in saving babies deviating from the mean 
in either direction, who in its absence would have died. If the 
treatments, though differing in nature for small and large babies 
are equally successful in saving their lives, the mean birth 
weight of the survivors will not be altered, but their variance 
will be less reduced by selection, that is it will be higher than 
in the absence of treatment; and if treatment were suc
cessful in wholly eliminating the differential mortality among 
babies of more extreme weight, no loss of variance after birth 
would occur at all. Nor would its effects stop at this point, 
as we can see ifwe Iook at a simple example. 

Let us consider a system comprising two gene-pairs, A-a 
and B-b, which are unlinked, affect the same character, are 
equal and additive in their effects and show no dominance. 
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We assume that the alldes A and a are equally common in 
the population as are B and b, and that mating is at random. 
The character can show five degrees of expression, the degree 
associated with any genotype being proportional to the 
number of capital letters in that genotype. Taking the mean 
expression as the origin, aabb will have expression -2: Aabb 
and aaBb expression - 1; AAbb, aaBB and AaBb exprcssion 0, 
AABb and AaBB expression 1; and AABB expression 2. 
Furthermore, simple Mendelism teils us that these five classes 
will respectively constitutc 1/16, 4/16, 6/16, 4/16 and 1/16 
ofthe population in the absence ofselection. But Iet us suppose 
that stabilizing selection is acting so that only a proportion 
1-s of the two extreme genotypes survive and 1-!s of the 
two intermediate classes, the central dass having a fitness of 1. 
The variance of the survivors will obviously be reduced by an 
amount depending on the value of s. 

There would, however, be a further effect expressed in the 
next generation, for the four possible types of gametes, AB, 
Ab, aB and ab, would not be produced in equal number by the 
selected population. The balanced types Ab and aB, origin
ating preponderantly from the central classes, would be more 
frequent than the extreme types, AB and ab. There would 
thus be a short fall in the proportians of the next generation 
with the more extreme genotypes, and hence in the more 
extreme expression of the character, even before selection had 
begun to operate. So under stabilizing selection there is a dual 
reduction in the variation expressed by the survivors; it is 
reduced by the immediate action of selection in the generation 
under selection and also by the effect of past selection in dis
torting the relative frequencies of the different genetic classes 
of gamete. And if selection is relaxed in a population which has 
come to equilibrium under its stabilizing action, the variation 
will climb above that displayed even by the individuals of 
past generations before selection had acted on them. 

The magnitudes of these two effects of selection will obviously 
depend on s. They are shown in TableI for four values of s. 
At all Ievels of selection, the long term effect expressed by the 
reduction of V1 below the value of 1 is somewhat less than the 
immediate effect of selection on the generation in question 
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which is expressed by the reduction from VI to Vs. Now this 
latter reduction corresponds to the 10 per cent or so reduction 
in variation that we observed selection to be producing in 
birth weight. It is about 10 per cent in our simple model when 
s = o ·25. So, if this model is any guide to the more complex 
reality of birth weight, abolition of the stablizing selection 
would raise the variance of surviving babies by nearly 20 per 
cent and the variance of the babies at birth by rather less than 
half this amount. There would be more babies showing 
extreme birth weights and to this extent an increased demand 
for special medical care; but save at the very extremes, the 

s 

Vr 

Vs 

TABLE I 

0·25 0·50 

0·93 0·86 

0·84 0·66 

0·75 

0·78 

0·49 

1·00 

0·70 

0·32 

The effects of stabilizing selection at equilibrium in a simple two-gene case, 
where Vr is the variance of the distribution at conception and Vs the variance 
after selection has acted, both being expressedas proportions ofthe variance which 
the population would show at equilibrium in the absence ofselection. 

numbers falling in the different classes of birth weight would 
not be greatly changed. 

The conclusions derived from such a simple model are 
obviously to be treated with reserve. They can be varied in 
detail by altering the strength of the selection assumed to 
operate on the intermediate classes relative to the extreme 
and central groups; but the changes so brought about are 
quite small. Furthermore, taking a similar model but involving 
three gene-pairs gives surprisingly similar values of VI and Vs 
at comparable Ievels of selection. More complex cases have 
not yet been investigated, but it would appear that the simple 
case considered may weil present a picture not seriously mis
leading, provided that the assumption of no linkage is valid. 
Should there, however, be an excess of repulsion linkages
and stabilizing selection must favour such a situation-the 
relaxation of selection could have effects markedly !arger than 
those that our model suggests. 
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The variance is raised but the mean is unchanged if 
stabilizing selection is relaxed symmetrically, that is equally 
on both sides of the distribution. If, however, relaxation is 
asymmetrical, a directional element appears in the selection 
and the mean must tend to change accordingly. It will shift 
to an extent proportional to the asymmetry and will continue 
to shift so long as the asymmetry of selection continues to 
maintain the directional pressure, provided the genes mediating 
the expression of the character have no other effects on fitness 
and are not closely linked with further genes affecting fitness 
by a different path. If on the other hand heterozygotic 
genotypes, which tend to be associated with more central 
expression of the character, are favoured over homozygotes 
by reason of either pleiotropic effects or linkage, the distribution 
will resist the directional selection and the mean will change to a 
disproportionately small extent, if at all, as Penrose 9 has pointed 
out in relation to intelligence. We may note, however, that 
such an assumption does not deny the possibility of the char
acter being changed by alteration of the forces of selection; 
it merely shifts the emphasis on to the forces of selection from 
which the heterozygous advantage stems. These may not be 
the forces observable as acting on the character directly, but, 
however they are exerting their effects, any alteration in them 
will result in a corresponding shift of the character. Whatever 
the selection that is acting, and however it is doing so, whether 
directly or indirectly through genetic correlations springing 
from pleiotropy or linkage, changes in them will inevitably 
result in corresponding readjustments of the character and its 
distribution in the population though, if the action is indirect 
the readjustments may come as a surprise to us in both their 
kind and their magnitude. 

CONCLUSION 

All human populations are genetically variable and all are 
under the action of natural selection. Their characteristics 
reflect the interplay of this Variation and these forces of natural 
selection, and characters tend towards genetical equilibria 
reflecting the balance between the agencies of variation and 



GENETIC ASPECTS OF MEDICINE 133 

the forces of selection. The equilibria may be of various kinds 
depending on the mode of inheritance of the character and the 
effects of the causal genes on the fitness of individuals carrying 
them. Any change in the agencies of variation, and especially 
in the forces of selection, must Iead to shifts in the equilibria, 
and hence in the frequency distribution ofthe characters in the 
population, though in general the readjustments will be slow in 
coming about. Natural selection is acting on us all; medicine, 
and indeed many other human activities, are changing these 
forces; and these changes will inevitably, even if in general 
only slowly, alter the genetical constitutions of our population. 

DISGUSSION 

PROFESSOR MATHER made two points in reply to comments 
and queries: 

(i) The use of techniques, such as selection, for changing 
the genetical constitution of a population would raise questions 
requiring careful consideration and, no doubt, lengthy discus
sion. One point might, however, be made at once. With 
other species we generally knew at what we were aiming: for 
example with dairy cattle we knew that we wished to raise the 
yield and quality of the milk. The criterion of merit by which 
one chooses parents for breeding is then clear. With man, 
however, we must expect divergences of view about aim. 
Even if a manipulation were possible technically, we still 
had the question of deciding for what purpose we would wish 
to use the technique. This could hardly fail to cause more 
dispute among the public than even discussion of the technique 
would cause among the geneticists. 

(ii) When one adopted a quantity like s as a measure of 
unfitness one assumed it to be a comprehensive quality, 
covering for example, not merely biological infertility, but 
infertility arising from social, psychological or other causes 
also. From the point of view of the genetical consequences it 
did not matter for what reason children were not born: 
whatever the reason, the genes they would have carried will 
have been lost from the population just the same. 
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INFECTIOUS DISEASES 
AS SELECTIVE AGENTS 

G. MoNTALENTI 
Institute of Genetics, Rome 

ALTROUGH we may rightly be proud ofthe wonderful achieve
ments in present day biology, we must realize that the main 
trends of thought and investigation in this science are still 
proceeding along the tracks marked by two fundamental 
discoveries of the last century, namely the cellular structure 
of organisms and evolution by natural selection. 

In fact scientific investigation on selection only started 
about sixty years after the clear and complete statement made 
by Darwin of the role of natural selection as a directing force 
in evolution. During the decade 1920-30, three farnaus 
biologists, R. A. Fisher, J. B. S. Haiclane and S. Wright, 
pointed out that selection can be investigated and measured 
almost as a physical force by means of experiments or observa
tions properly devised to test theoretical models worked out in 
mathematical terms. The papers by Hardy 19 and by Weinberg40 
were ' rediscovered ', and the principle now commonly known 
as the Hardy-Weinberg law became the basis of all evaluation 
of selective forces. R. A. Fisher's book, Genetical Theory of 
Natural Selection lSlaid the foundations ofthe study of evolution 
on the factual basis newly provided by genetics. 

During the subsequent decades great progress was made 
both in expounding the theoretical foundation and in testing 
the effects of selection in animals, plants and micro-organisms. 

Only recently, about a decade ago, man came into the 
picture. Man, of course, has always been foremost in the 
thoughts of geneticists and evolutionists. Darwin himself, 
as is weil known, after a brief but significant mention in the 
Origin of Species (1859), devoted a whole book to the problems 
of human evolution, The Descent of Man and Selection in Relation 
to Sex (1871). 

Shortly thereafter-it is perhaps superfluous to remind you 
in this place-a movement was started by Galton, which led 

K 13S 
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to the establishment of eugenics as an autonomaus discipline. 
It is weil known that the original optimistic hopes as to the 
power of eugenics in ameliorating the Iot of mankind have 
in the course of time gradually diminished, when confronted 
with the complex and difficult situation which was revealed 
by genetic studies in general and, especially, in the case of 
man. 

It has been a common saying foranurober of years that 
man is a very poor subject, quite unsuitable for genetical 
investigation. Luclcily enough, later developments proved the 
contrary and we now realize that man represents very good 
material for several kinds of genetical investigations, including 
studies on population genetics. Thus the hope of succeeding 
in discovering selection at work, of grasping at least some of the 
mechanisms underlying human evolution appears to-day much 
better founded that one could have foreseen twenty years ago. 
In fact we may say that we have already acquired some good 
and firm Iandmarks in this field. 

Geneticists of to-day have little doubt that mankind as it 
is now, with its interracial and intraracial variability, is the 
product of an evolutionary process controlled by external 
factors which have acted and are still operating as selective 
agents. They work on the possibilities offered by the vari
ability of human genotypes. Clearly enough, as soon as man 
succeeded in making hirnself more and more independent of 
natural conditions by building and modelling his own artificial 
environment, the selective agents gradually became different: 
some of the old ones ceased to work, while new ones became 
active. 

For the experimentally minded geneticist of to-day it is 
essential to demonstrate, and possibly to measure, at least 
some of the selective factors which are active in man. If he 
succeeds, this would put an end to merely speculative dis
cussions pro and contra the effects of selection; it would give 
the key to a deeper insight in the causes which originated 
diversities between individuals, populations and races; and, 
last but not least, would probably open up the possibility of 
grasping some points of important practical-and eugenic
value. 



GENETIC ASPECTS OF MEDICINE 137 

If we think of the work of selection in the old traditional 
way-the elimination of the unfit by death-there is litde 
doubt that diseases which are able to ki11 individuals early 
in their life, before or during the reproductive period, are strong 
selective agents. If on the other hand we consider selection, 
more properly, as differential reproduction, it is clear that any 
kind of illness which although not lethal, lowers the repro
ductive potentiality, is a selective agent. In both cases, needless 
to say, we must suppose that there is a genetic variability in 
susceptibility to disease and in the possibility of recovery. 
This assumption is supported by many facts known to path
ologists and anthropologists. 

Darwin hirnself was perhaps the first to recognize this 
principle while searching for the possible causes of differ
entiation in such racial characters as are weil known to anthrop
ologists. In Chapter VII of the Descent of Man, he first points 
out that among other distinctive characters of races, differences 
in liability to certain diseases must be taken into account. 
Later on in the same chapter, when discussing the origin of 
human races, he notes that apparently skin and hair colour 
sometimes show a correlation with total immunity towards 
poisons extracted from plants and towards infection by certain 
parasites. With his usual cautious attitude Darwin expresses 
this conjecture in dubitative form and explains how he had 
endeavoured, with but little success, to ascertain how far it 
holds good. In the spring of 1862 he obtained the permission 
of the Director-General of the Medical Department of the 
Army to transmit to the surgeons of the various regiments on 
foreign service a questionnaire asking whether in Europeans 
living in the tropics there is any relation between the colour 
of their hair and their liability to tropical diseases such as 
malaria, yellow fever or dysentery. Darwin received no 
returns. 

Thus the question as to the possible action of infectious 
diseases as selective agents was put clearly enough by Darwin. 

The attempts to find instances of selection in man were 
repeated from time to time in the post-Darwinian period, 
but we must come to recent years, as I said, to find some 
penetrating and successful investigations. 
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As F. Vogel37 points out, several authors between 1924 
and 1928 tried to find out whether there was a relationship 
between the ABO blood group and syphilis. The data, which 
had been reconsidered and statistically worked out by Vogel, 
Pettenkofer and Helmbold,38 do not show any indication that 
people belanging to any one of the four groups are more 
susceptible to infection by Treponema. They show, however, 
that with antiluetic treatment Wasserman reaction becomes 
negative after a shorter time in patients belanging to groups 0 
than in patients belanging to the other groups. 

The first precise suggestion of a selective mechanism due to 
an infectious disease was put forward by J. B. S. Haldane,IS 
who suggested a possible explanation of the high frequency 
of heterozygotes for thalassaemia in certain populations. 
Thalassaemia is due to a gene (Th), which in homozygous 
conditions is lethal: it determines Cooley's disease which causes 
death of practically all individuals before reproductive age. 
The heterozygotes (Thth) show only a comparatively mild form 
of anaemia (Thalassaemia minor), fully compatible with life. 
Haiclane supposed that in regions in which malaria is endemic 
the heterozygotes might be at advantage in respect to normal 
homozygotes, because they might be less susceptible to in
fections by Plasmodium jalciparum, the agent of pernicious 
tertian malaria. The advantage of heterozygotes over both 
homozygotes (a fact known as heterosis) would be sufficient to 
counteract the constant loss of the thalassaemia gene through 
the production at every generation of a certain number of 
lethal homozygotes. This mechanism would maintain in a 
population a variability which otherwise would rapidly dis
appear. This condition is well known to geneticists under the 
name of balanced polymorphism, and its theoretical aspects and 
factual basis in animals and plants have been discussed, 
among others, by E. B. Ford 16 andJulian Huxley.21 

The first demonstration of Haldane's assumption, however, 
did not come from thalassaemia (to which I will come back 
later) but on another blood disease, sickte cell. It is well known 
that this disease depends on a minute anomaly in one of the 
four poly-peptide chains ofthe adult haemoglobin (beta chain), 
that is, to a single amino-acid substitution, among the few 
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hundreds amino-acids which form the Hb molecule.2o The 
genetic control of this anomaly is due 27 to a single autosomal 
gene pair. The situation here is slightly different from thalas
saemia, because the homozygotes Ss do not necessarily die 
before reproduction. Their reproductive fitness has been 
estimated as 20-25 per cent of the normal. In spite ofthat it 
was found that the heterozygotes, showing the sickle-cell trait, 
but being otherwise normal, are very frequent in some popu
lations. In American Negroes, where the character was 
discovered, heterozygotes are about 9 per cent, but in African 
populations their frequency may be as high as 30 per cent or 
even 40 per cent in some localities, while in others it is as low 
as 1 per cent. Since the highest incidence coincides with the 
zones where malaria is endemic, and since explanations based 
on a high mutation rate of locus S, or on genetic drift, are 
untenable for many reasons, the most probable explanation 
is the same as for thalassaemia, i.e. the selective advantage of 
heterozygotes, which would be in some way protected from 
malarial infection. 

To Allison 2, 3 must go the credit of having examined the 
problern from all points of view and of bringing it to an 
experimental test. He found that among populations living 
in countries with high malarial endemicity, the percentage of 
heterozygotes for geneSwas over 10 per cent, while in popu
lations living in regions with low malarial infection, it is 
under 10 per cent. He found a statistically significant differ
ence between Ss and ss children as to the frequency of malarial 
infection: it is lower in heterozygotes. He finally performed 
the weil known and much discussed experiment of inoculating 
Plasmodium falciparum in fifteen normal individuals and in 
fifteen bearers of the siekle-eeil trait, with the result that 
fourteen of the first group and only two of the second showed 
parasites in the blood. In subsequent papers Allison 4 showed 
that the siekle-eeil trait is significantly more frequent in grown
up people than in children of the same population, and that
in agreement with former data of Hiernaux 20-the fertility 
of the three types of crosses is different. The reproductive 
fitness of the three possible crosses, namely heterozygous by 
heterozygous, heterozygous by normal and normal by normal 
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being in the ratio: 0 ·203: 1·195: 0 ·951. Thus, in spite of some 
criticisms and exceptions (see Livingstone 24 for an explana
tion) the Haldane hypothesis seems well substantiated in the 
case of the sickle-cell gene. 

I would like now to come back to the thalassaemia (beta
thalassaemia). This gene, which was discovered in America 
on people of Sicilian or Greek origin, has a diffusion area 
which in the Euro-Mro-Asiatic continent is largely overlapping 
with the diffusion of malaria.23 It is particularly frequent in 
Mediterranean populations, sometimes together with S, 
sometimes without it as in most regions ofltaly. Its distribution 
in Italy has been studied quite thoroughly, s, 25, 26 especially 
by Silvestroni and Bianco.32 The distribution of high 
frequencies of heterozygotes (from 10 to 30 per cent) is coinci
dent with heavy malaria1 endemicity. In this case another 
possible explanation, namely the hypothesis of selective 
mating, was tested by Monta1enti, Silvestroni and Bianco in 
1953 and disproved.27 High mutability of the Th locus and 
genetic drift must be discarded on several grounds, as in the 
case of the S gene. The ' ethnic ' explanation of Silvestroni, 
Bianco and Alfieri,33 should also be discarded because it may 
well account for the penetration of the gene into a population, 
but not for its maintenance at a high level in spite of continuous 
elimination by lethal zygotes. Thus the only explanation left 
is the selection in favour of the heterozygotes in malarial 
regions, as assumed by Haldane. 

The first investigations to test this hypothesis were by 
Ceppellini 11 and Carcassi, Ceppellini and Pitzus.lO They found 
that in four Sardinian villages not far from each other, but two 
situated in the plain, that is in a formerly malarial region, and 
two on the mountains, a non-ma1aria1 region, the frequency of 
the tha1assaemias (i.e. ofheterozygotes for the gene Th) was very 
different, much higher (about 20 per cent) in the former than 
in the latter populations (about 4 per cent). 

The correlation between 'ma1aricity' and frequency of 
the Th gene in Sardinia was then extensively studied by a team 
of workers of the Istituto di Genetica of Rome, with other 
co-workers under the guidance of Professor M. Siniscalco. 
A third gene, however, came into the picture. This mutation 
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is responsible for glucose-6-phosphate dehydrogenase deficiency 
in the red blood cells. The gene is indicated by the symbol 
G6PD, shortened in Gd<-J. It was discovered recently and it 
was found that the gene is responsible for the sensitivity of 
certain people to fava beans (being the cause of a disease 
known under the name of' favism ') and to primaquine (see 
studies by Sansone, Piga and Segni,31 and Butler 9). The 
Gd<-l gene, unlike the others mentioned so far, which are 
autosomic, is sex-1inked,13. 36 i.e. localized in the X chromo
some. 

The distribution of favism in Italy was investigated many 
years ago (1905) by Fermi and Martinetti. 14 It again shows 
a remarkable overlapping with the distribution of malaria. 
lt was therefore decided to study the distribution of this gene 
in Sardinia where favism is a fairly frequent occurrence. 
Motulsky 28 has elaborated a method which enables the worker 
quickly to determine the genotype of an individual and thus 
makes it possible to screen fairly large populations. 

In Sardinia, as in continental Italy, malaria has been 
completely eradicated since the end ofWorld War II. Fortun
ately we have a survey made by Fermi 13 in 1938, which 
gives a measure of malarial morbidity in the years between 
1929 and 1938. This greatly facilitated the work of Siniscalco 
and his collaborators.34 

The results of surveys made in the years between 1958 
and 1964 are presented in Table I. The samples ofpopulations 
examined ( except for some villages, in which a complete 
ascertainment was made) are represented by boys of school age. 
lt is quite evident that both for Th and Gd<-J genes there is a 
negative correlation with altitude and a positive one with the 
intensity of malarial morbidity in former times. This is 
another strong, though indirect proof that malaria acts as a 
selective agent in favour of heterozygotes for the thalassaeinia 
gene and of carriers of Gd<-J gene. Table I shows some 
anomalies in the correlation indicated. Most of them have an 
explanation. For instance, the population of the little island 
Carloforte is not a Sardinian one; it is composed of people 
coming from Liguria (Genoa), who migrated to Tunisia 
about four centuries ago and settled down in the island Tabarca. 
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In the eighteenth century they were given, by Carl Emmanuel 
III ofSavoy, king ofSardinia, the island San Pietro, where they 
founded the town Carloforte. They settled down as a highly 
inbred unit, and they have preserved their language, habits 
and customs, with very little outbreeding until very recent 
times. In fact it was ascertained that the few peop1e who 
showed either Th or Gd genes had received them from a 
Sardinian parent or grandparent. 

Usini is a recent1y formed village, with probable infiltration 
from Cata1ogna. In many p1aces ( e.g. S. Gavino, Capoterra, 
Guspini, Senorbi, Sedi1o, Arbus, Dualchi, Borore) the incidence 
of ma1aria was known to be very high, but at the time of 
Fermi's report a great dea1 of prophy1axis had already been 
used, and ma1aria was a1most defeated. Some p1aces 1ocated 
at a certain altitude, 1ike A1a dei Sardi, have a comparatively 
high index of ' malaricity ' because the active section of the 
population used to spend a great part of the year working in 
the plain, where agriculture is possible, and still do so. There
fore we consider that, on the whole, the positive correlation 
between intensity of malaria1 incidence in recent times, and 
frequency of Th!+J and Gd!-J genes is proved. 

The last mentioned gene is certainly less unfavourable 
than thalassaemia, because only a minority of its carriers 
may be subject to severe haemolytic crises ifthey eat fava beans. 
The mortality among people affected by favism has been 
recorded by several authors: the figures vary from 2 per cent 
to 18 per cent, before blood transfusion became a common 
practice,31 Since not all the gene carriers eat fava beans and 
not all the carriers who eat them necessari1y become ill (indi
vidual variability in response), it is clear that the gene is much 
1ess dangeraus than thalassaemia. 

An interesting consequence of these facts is the corre1ation 
between the frequencies of the two genes. As shown in the 
diagram published by Siniscalco, Bernini, Latte and Motu1sky 34 

in 1961, it is linear up to a certain value, beyond which the 
frequency of Th decreases, while Gd!-J continues to increase. 
The data collected recently and tabulated in Tab1e I confirm 
this trend. It may be due to the fact that Th is more deleterious 
than Gd!- l, so that the intensity of selection against Th is stronger 
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than that against Gd<->. A similar condition is found by Allison 
et a[.s in a Greek population. Motulsky 28 found essentially 
the same kind of correlation between Sand Gd<-> in Negroes, 
with the exception of a group of pygmies, in which the corre
lation was negative. Barnicot et al.6, on the contrary, found an 
essentially negative correlation between S and Th among 
Greeks. The dynamics of two or more genes selected with 
various intensities by the same ecological factor have still 
to be worked out. 

A different problern is the interaction between two non
allelic genes, an indication of which may be found in the 
frequency of their presence in the same individual. The 
available data for Th and Gd<-> (Table I) show that on the whole 
there is a significant excess of the bearers of the two genes. 
As a tentative explanation Siniscalco (private communica
tion) offers either a higher selective advantage of the double 
heterozygote, or some kind of meiotic drive, as was found by 
Went 41 between HbA and C genes. 

A further step in the investigation in Sardinia was made 
by considering the pattern of mortality before the age of 
reproduction, namely during the first year of life, in villages 
of the two types, i.e. with high and low incidence of malaria, 
before and after the eradication of the disease in Sardinia. 
From the data available at the Istituto Centrale di Statistica 
it is clear that in villages with a high incidence of malaria 
there has been a considerable drop of mortality after the anti
malaria campaign, whereas in non-malarial centres no such 
great variation is detectable. The vital statistics of the two 
kinds of centres before and after eradication are quite different 
(Siniscalco, unpublished data). Thus there is little doubt that 
malaria was the primary cause of the death of a nurober of 
people early in life, and therefore it can work as a selective 
agent. This is an answer to a question put by Neel30 as to the 
actual efficiency of malaria as a killing agent. 

The evidence accumulated so far in favour of the selective 
hypothesis is thus quite consistent. I believe that the data 
collected by Siniscalco and collaborators on Sardinian popu
lations have a particular value in so far as they are drawn 
from a fairly homogeneaus population, whose villages have 



TABLE I 
GENE FREQ.UENCIES OF THALASSAEMIA (Th ( +)] AND GLUCOSE-6-PHOS-

PHATE DEHYDROGENASE DEFICIENCY (Gd (-)] IN 52 SARDINIAN VILLAGES 

Malar. Gd(-) Th(+) 
VILLAGE freq. ~ ~ Gd(-) and Th (+) 

Altit. Per Per Per r-
m. cent N. cent N. cent N. obs. exp. diff. 

Assemini 6 33 108 20·4 108 5·5 108 1 2·04 -1·04 
Marrubiu 7 40 98 32·6 98 14·3 98 8 7·80 +0·20 
Cabras 9 97 200 35·0 100 14·0 100 ll 8·42 +2·58 
Terralba 9 97 100 30·0 
Car1oforte 10 90 99 5·0 99 2·5 99 0·24 --{)·24 
Decimomannu 10 100 100 26·0 100 12·5 100 6 5·68 +0·32 
S. Giusta 10 97 42 30·9 
Pula 15 50 100 15·0 100 8·0 100 2·20 -1·20 
Tortoll 15 90 50 16·0 
Orosei 19 93 180 13·0 308 9·4 
Torpe 24 98 100 22·0 100 19·0 100 5 6·76 -1·76 
lrgoli 26 95 100 15·0 100 16·0 100 4 4·03 -0·03 
Ga1tellf 40 96 175 12·0 235 10·6 
Siniscola 42 55 195 11·3 97 12·2 97 2 2·44 -0·44 
Barisardo 50 66 98 15·3 98 9·2 98 3 2·49 +0·51 
Teulada 50 90 101 16·9 100 12·5 100 3 3·68 -0·68 
S. Gavino 53 18 100 26·0 
Capaterra 54 15 92 16·3 92 10·3 92 1 2·77 -1·77 
Siliqua 66 50 100 26·0 100 ll·O 100 3 5·09 -2·09 
Vallermosa 70 60 86 20·9 86 10·5 86 5 3-37 +1·63 
Monastir 83 50 94 23·4 94 10·6 94 6 4·16 +1·84 
Nuraminis 86 100 100 25·0 100 8·5 100 4 3·88 +0·12 
Villamar 108 21 100 23·0 100 9·0 100 6 3·76 +2·24 
Guspini 137 10 99 28·2 99 17·2 99 12 7·90 +HO 
Domusnovas 152 33 100 22·0 100 9·5 100 3 3·78 -0·78 
Gonnosfan 156 50 49 24·5 
Ottana 185 83 72 8·0 72 14·0 72 4 1·38 +2·62 
Tresnuraghes 257 50 86 12·7 86 15·7 86 2·88 -2·88 
Usini 190 95 99 6·1 99 7·1 99 3 0·79 +2·21 
Senorbi 204 12 101 24·7 101 6·9 101 2 3-17 -1·17 
Sedi1o 288 10 100 22·0 96 9·4 96 3 2·63 +0·37 
Serrenti 207 50 100 21·0 100 12·5 100 4 4·59 -0·59 
Arbus 311 5 95 35·7 95 16·4 95 9 9·31 -0·31 
Abbasanta 315 73 97 18·5 92 11·4 92 3 3·44 -0·44 
Dualchi 321 3 75 21·3 100 9·0 75 2 2·61 -0·61 
Suni 333 85 98 14·3 100 12·5 98 4 3·13 +0·87 
Lode 395 90 820 28·2 820 13·8 820 65 55·00+ 10·00 
Gergei 374 66 92 18·5 92 6·6 92 2 2·10 -0·10 
Borore 399 15 100 9·0 99 16·6 99 2 0·24 +1·76 
Renetutti 406 50 100 9·0 100 6·0 100 2 1·00 + 1·00 
Bolotana 472 80 93 ll·8 93 10·7 92 3 2·09 +0·91 
Lu ras 508 78 100 7·0 98 11·5 98 2 1·42 +0·58 
Lula 521 81 100 7·0 100 9·5 100 2 1·54 +0·46 
Isili 523 17 100 9·0 100 8·5 100 1 1·38 -0·38 
Bitti 549 18 193 5·1 196 6·1 193 3 0·96 +2·04 
Lanusei 595 25 100 4·0 
Ala dei Sardi 663 75 80 22·5 80 10·0 80 3 3·24 -0·24 
Orune 745 80 97 6·1 97 7·2 97 0·79 -0·79 
Gavoi 777 90 98 3·0 98 5-l 98 2·84 -1·84 
Desulo 891 33 313 3·0 320 1·9 
Tonara 935 10 148 4·0 102 2·4 
Fonni 1·000 19 100 3·0 
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remained isolated from each other for a very long period of 
time. Other genetical and ecological factors being equal, 
it appears that the incidence of malaria is the only differential 
selective factor that could explain heterogeneity of Sardinian 
villages in respect of thalassaemia and G6PD-deficiency. 

Data suggesting a similar protective effect by enzyme 
deficiency have also been accumulated by other authors on 
other populations. lt might also be conceived that the 
selective agent is something other than Plasmodium, which would 
be closely connected with malaria; but this hypothesis, which 
was also considered by Haldane,rs has lost ground in recent 
years. 

Summing up: we have fairly good evidence that infection 
by Plasmodium Jalciparum selects for at least three genes slightly 
or heavily deleterious: Gd, Sand Th. Probably other abnormal 
haemoglobins, e.g. haemoglobin C, are also selected for,39 
The mechanism underlying this process should be similar : in 
all cases the biochemical conditions of the red blood cell, 
which is the ultimate host of Plasmodium, is altered and it is 
conceivable that the parasite does not find conditions favourable 
to its nutrition and development in abnormal blood cor
puscules. In the case of Gd<~ I we know a little more. Plas
madia require glutathion for growth in vitro; enzyme deficient 
red cells have a diminished content of reduced glutathion. 
This might be the reason why the parasite does not develop 
well in such cells, and hence the protective effect of enzyme 
deficiency. 

For infectious diseases other than malaria we have only 
scanty and at the moment inconclusive data. Perhaps the 
best case is that of plague and ABO groups, which has been 
worked out by Vogel and collaborators,38 The frequency of 0 

TABLE I 

The observed nurober of Gd (-) Th ( +) individuals tends to exceed the 
expected one calculated on the basis of the gene frequencies found in each village. 
When the data from all villages are pooled together the difference becomes 
highly significant (2·57 times its sampling variance) and points to the possibility 
ofa higher fitness ofthe combined genotype. 

The absence of a figurein the table ( ... ) means that for one reason or another 
the corresponding data forthat particular village were not available. 
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gene is higher in regions in which there is no record of plague 
epidemics (American Indians, Australia, Polynesia), lower 
where plague is or has been endemic until recently, or where 
there have been epidemics in recent times. Vogel found that 
the specific agent of plague, Pasteurella pestis contains H antigen, 
the same as is present in 0 blood. Patients belanging to 0 
group would therefore be able to produce less anti-H substance 
than those of other blood groups, and would therefore have a 
heavier manifestation of the disease. 

According to the same author vaccination against smailpox 
would produce a strong anti-A serum. The blood of A and AB 
individuals would contain little or no anti-A serum; therefore 
one should expect that gene A would be selected agairrst 
smailpox. -

The idea that infectious diseases are effective factors of 
selection in man-and, of course, in animals as weil-is now 
substantiated by conclusive proofs in a smail number of 
cases and by more or less strong indications in others. I t is 
certainly worth while to extend investigations to other cases, 
in order to get a more complete picture. 

Needless to say, if we think of the diffusion of infectious 
diseases in old as weil as in recent tim es, of the great epidemics 
of plague, smailpox, syphilis, tuberculosis, influenza, etc., 
of the endemicity of malaria, trypanosomiasis, yeilow fever, 
etc., we realize how great their influence has been in Controlling 
the present composition of the gene pool of different popu
lations. The effects of the introduction of new diseases into 
populations which did not have them before, and therefore 
had only a few resistant genotypes, are weil known in several 
cases, such as in many populations of Polynesia. The terribly 
high mortality, which entirely destroyed some populations or 
reduced them to a very smail number, is the most dramatic 
picture of this kind of selection, which operates drasticaily 
by kiiling the unfit. 

We may now turn back for a moment to the point raised 
by Darwin: Is there any correlation with genes for resistance 
to diseases and anthropological character? There is littlc 
doubt that there is. Blood groups are anthropological char
acters, and, besides the example of the plague which I have 
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mentioned, there is ever-increasing evidence that blood groups 
are not neutral characters, but subject to selection. 

But external characters may also be connected with genes, 
or genotypes controlling primarily microscopic traits. For 
example Siniscalco, Montalenti, Silvestroni and Bianco 35 

were able to show that thalassaemia has some effect on the 
pattern of some body measurements, mainly on weight and 
stature. Probably racial characters, to which it is not easy to 
attribute a selective advantage, are the visible expression of 
genes, or genotypes whose selective value is due to pheno
typical manifestations concealed from the human eye, a weil 
known fact in animals and plants. 

The examples I have quoted in a very schematic way, 
deliberately ignoring many interesting details and compli
cations, are, I think, the best known and more elaborated cases 
in the field of natural selection in man, in which, as Haldane 
says, our ignorance is enormous. A great deal of further study 
on these cases is still wanted, especially on the quantitative 
side, in order to measure more accurately the actual fitness 
of different genotypes. However, even so, I consider them 
extremely significant, because they give consistency to the 
assumption that for some tens of thousands of years infectious 
diseases may have been one of the major factors operating in 
human populations. The facts summarized here also open 
the way to several interesting considerations both from a 
biological and from a social point of view. I will mention 
a few of them. 

From the biological viewpoint it is interesting to note that 
in different areas of the world the same selecting factor
malignant malaria-apparently picked out different genes. 
For instance in Italy thalassaemia was favoured, haemo
globin S is rare, in some places extremely rare, while in other 
Mediterranean and in Mrican populations it is very frequent. 
The distribution of haemoglobin C according to data collected 
mainly by Lehmann and his co-workers 23 is limited to a com
paratively small area in West Africa. 

There are obviously two facts which may account 
for such inequalities. It may be pure chance, i.e. the 
occurrence of one or the other mutation, or the introduction 
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of the mutated allele from another population in which it is 
already frequent, which determines the selection for one 
instead of the other gene. Or else, as seems perhaps more 
probable, one gene is fitter than the other in a given genetical 
and environmental background. 

Another interesting aspect which the biologist should not 
forget is the evolution of the infectious agent itself. We know 
from immunological and epidemiological work how virulence 
of parasites may change in a short time, and there is no doubt 
that new infectious diseases have developed in the course of 
human history and will probably develop in the future. 
Evolution is a continuous process, and we should expect that 
there is a mutual, continuous adjustment, in the long run, 
between the two organisms concerned, host and parasite. 

From a social point of view it is interesting to note that 
the heterozygotes of genes which may be severely detrimental 
in homozygous condition are selected for. This is well known in 
animals, as I said, but obviously it opens quite particular 
pro blems in man. The case of thalassaemia is the most striking: 
the defence agairrst malaria implies a lot of deaths by homo
zygosity of the Th gene. Clearly enough total eradication of 
malaria would in the long run greatly reduce the frequency 
of the gene. This is indeed a long process: we may be able 
to see the beginning of a decline in the next generation. The 
generation examined in Sardinia is the first after the disease 
has been defeated, and we cannot expect a sudden diminution 
ofthe gene. 

As to the eugenic practice to be suggested to populations 
with a high frequency of Th gene, I may confine myself to the 
following purely biological considerations. If the marriage 
of two heterozygotes is discouraged because it gives rise to 
25 per cent of the progeny being affected by Cooley's disease, 
the frequency of the gene tends to rise if the selecting agent is 
still operating and favourir g heterozygotes; if, on the contrary, 
the selective factor is no langer in action, i.e. malaria is ex
terminated, the gene frc 1uency would be kept at the original 
level, supposing that no marriages between heterozygotes 
occur. 

From a purely biological viewpoint a quick way to get rid 
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of the gene in the population would be to increase the number 
of marriages between heterozygotes, so as to produce the 
highest possible number of infants dying by Cooley's disease
thus eliminating Th genes. A less radical and even more 
effective measure would be to obtain that Thth X Thth crosses 
be sterile. 

Thus far goes the biologist; further comments, and possible 
action, are to be expected from the sociologist. 

In conclusion I would like to stress the urgent need for 
further investigations, into the problems of selection in man
kind, investigations which are so much moreurgent nowadays, 
because we have entered an era in which rapid changes are 
occurring not only in our environment, but presumably also 
in our gene pools, subjected as they are to the increase of en
vironmental radioactivity. However, in order to start such a 
programme of research with a reasonable hope of getting valu
able and useful results, it is obviously necessary to get a much 
wider knowledge of basic human formal genetics and pheno
genetics (relations between genotype and phenotype). It 
would then be possible to achieve rapid progress along the 
lines indicated by Darwin a century ago. 
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CHROMOSOMAL ABERRATIONS 
IN DEVELOPMENTAL DISEASE 

AND THEIR FAMILIAL TRANSMISSION 

M. A. FERGUSON-SMITH 
Department of Genetics, Universi9' of Glasgow 

GROss chromosomal aberrations must now be considered 
an important cause of human developmental disease. Thus, 
some 20 per cent of spontaneaus abortions, 4 25 per cent of 
women with primary amenorrhoea,l9 11 per cent ofhigh-grade 
male subfertility 13 and about 6 per cent of the institutionalized 
mentally defective have chromosomal abnormalities. These 
figures refer, of course, to chromosome aberrations readily 
detected und er the oil immersion lens of an ordinary laboratory 
microscope. The limitations of cytology are such that quite 
severe degrees of chromosomal duplication, deficiency and 
re-arrangement must pass unrecognized, and there is a strong 
possibility that these lesions, just beyond the resolution of the 
microscope, may be responsib1e for an even greater amount 
of congenital disease. This seems to be confirmed by some of 
the more recent studies in which progressively smaller abnor
malities are being confidently diagnosed. 

Chromosome abnormalities are of two distinct types. 
First are the simple numerical abnormalities, where the affected 
person has an abnormal nurober of chromosomes, a defect 
which is usually the result of an accident of cell division, 
termed non-disjunction, in which the dividing chromosomes 
have failed to segregate equally between two daughter cells. 
The regular variety of mongolism is the best known example 
of this type; those affected have forty-seven chromosomes, 
the extra one being a normal chromosome 21, so that there are 
three chromosomes 21 instead of two, a situation termed 
trisomy. Foraperson to have an abnormal nurober of chromo
somes in every somatic cell, the abnormal cell division must 
occur during gametogenesis, or during the early division of 
the fertilized egg. 

1$2 
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In the second type of chromosome aberration there are 
abnormalities of structure, affecting the length and centromere 
position of individual chromosomes. These abnormalities 
result from multiple chromosome breakage with loss of chromo
some segments, or from breakage with exchange of chromosome 
fragments between non-homologaus chromosomes. The trans
location variety of mongolism is the most familiar example of 
this type. 

From the standpoint of clinical medicine it is often useful 
to subdivide human chromosome aberrations in another way, 
into those involving the sex chromosomes, and those involving 
the non-sex chromosomes, or autosomes. For autosomal 
anomalies are associated with severe mental and physical 
abnormalities affecting many of the systems of the body, 
whereas patients with sex chromosome aberrations have much 
less disability, often solely confined to the reproductive system; 
many ofthese patients are useful members ofsociety. 

In our present state of knowledge, the clinical defects 
associated with chromosome aberrations are irreversible, 
and so prevention remains the primary aim. As most chromo
some aberrations occur sporadically, a knowledge of pre
disposing factors is essential but, unfortunately, this knowledge 
is scant, and at present only two possible factors are known to 
increase the frequency of chromosome aberrations. These 
factors are increasing maternal age and exposure to radiation. 
This experience warns us to have our children when we are 
young, and to avoid harmful irradiation, but this sort of advice 
can hardly be expected to influence the frequency of chromo
some aberrations in the general population. Clearly much 
more information about aetiological factors is required. At 
this point it might be mentioned that in a small proportion of 
patients with sex chromosome aberrations it is now possible, 
by a careful study of the segregation of X-linked markers, 
such as colour-blindness and the Xg blood group, to determine 
in which parent the chromosome aberration originated. In this 
way aetiological factors operating on the mother can be 
separated from those operating on the father. For example, 
in cases of XXY Klinefelter's syndrome, an increased matemal 
age effect is apparent in the cases in which the non-disjunctional 
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event occurs in the mother, but cannot be demonstrated 
in those cases where the non-disjunction is paternal.I4 

Although most chromosome aberrations appear to arise 
spontaneously, a small percentage of cases are familial. Our 
present state of knowledge and our ability to distinguish these 
cases should at least ensure that a mother who has had a mal
formed child due to a chromosome aberration is advised 
correctly about the risk involved in undertaking a further 
pregnancy. It is the purpose of this paper to consider the 
question of transmission of developmental disease in persans 
with chromosome aberrations. 

FERTILITY IN PERSONS WITH AUTOSOMAL ABERRATIONS 

It is weil known that the majority of autosomal aberrations 
reported to date are associated with such mental and physica1 
defects that reproduction is impossible, even if the patient 
survives to reproductive age. However, these patients all 
seem to have normal gonads and genital ducts, and are thus 
potentially fertile. No patients have been known to survive 
to reproductive age in either the group 13-15 (D) trisomy 
or trisomy 18 syndromes, and trisomy 16 has only been found 
in spontaneaus abortians (Table I). About 40 per cent of 
cases ofmongolism with trisomy 21, on the other hand, survive 
to reproductive age but seldom reproduce. Reproduction is 
known in mongoloid warnen, and of the twelve pregnancies 
recorded, five have resulted in mongoloid offspring.2t This 
gives a ratio near enough to the 1 : 1 ratio expected from 
the random segregation of the extra chromosome 21 to half of 
the mother's ova. As some spontaneaus abortians have been 
found with trisomy 21 4 a slight deficiency of trisomic offspring 
to mongoloid mothers is probably to be expected. 

Another very important type of familial mongolism is that 
which occurs in phenotypically normal warnen who are chromo
somal mosaics for normal and trisomic 21 celllines. 3 Penrose 27 

has estimated that some 10 per cent of mongoloid individuals 
arise in this way. As it is impossible to exclude mosaicism 
completely by cytological techniques, this raises a very serious 
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difficulty in advising mothers who have given birth to a 
mongoloid child whether or not to have another pregnancy. 

The third type of situation in which an autosomal aberra
tion is transmitted, is that in which the normal parent carries 
a structural abnormality in the form of a balanced translocation, 
and gives rise to unbalanced translocations in abnormal 
offspring. Translocation mongolism is numerically the most 
important example of this type of transmission. About 5 per 
cent of all cases of mongolism 27 are associated with a chromo
somal translocation, although more than half of these appear 

TABLEI 

CHROMOSOME AßERRATIONs---THE POSSIBILITY OF TRANSMISSION 

SURVIVAL TO 
REPRODUCTIVE 

VIABLE AoE ÜFFSPRING 

Trisomy 16 
Trisomy 13-15 + 
Trisomy 18 + 
Trisomy 21 + 40 per cent 1/2 Affected 
Trisomy 21/Normal + + Variablenumber affected 

Mosaicism 
Translocation carrier 13/21 + + 1/3 Affected, 1/3 Carrier 

1/3 Normal 
Translocation carrier 21/21 + + All affected 
XXY + + 
xo + + One normal described 
XXX,XYY + + All unaffected 

to arise sporadically because both parents can be shown to 
have normal chromosomes.s In these cases of mongolism, 
the translocation takes place between a chromosome 21 and 
another chromosome, often one in the 13-15 group. The 
balanced translocation heterozygote thus has a chromosome 
abnormality consisting of a reciprocal exchange of fragments 
between, for example, the short arm of a number 13 chromo
some and the long arm of a number 21 chromosome. Two 
abnormal chromosomes are formed; the large one is similar 
in appearance to a chromosome in the 7-12 group and is 
composed of the long arms of both chromosomes 13 and 21 ; 
the small one is composed of the short arms of these chromo
somes, and is apparently of little genetic importance because 
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it is readily eliminated without producing any obvious effect 
on the phenotype. The typical carrier of the 13/21 trans1oca
tion has (after losing the small chromosome) forty-five 
chromosomes including only one number 13 and only one 
number 21, and appears to have an extrachromosomein the 
7-12 group. A female carrier ofthis sort produces three types 
of viab1e ova; one with twenty-two chromosomes including 
the 13/21 chromosome but without a normal number 21; one 
with twenty-three chromosomes including the 13/21 and a 
normal 21 ; and one with twenty-three chromosomes in
cluding a normal13 and a normal21. When fertilized with 
normal sperm these ova will produce carrier, mongol and 
normal offspring in equal proportions. The risk of a trans
location carrier producing a mongoloid child is therefore 
one in three, a risk which would not normally be advised. 

In view of these findings it is clearly of advantage to· parents 
who have had a child with an autosomal anomaly, and who 
contemplate a further pregnancy, to have chromosome analysis 
to determine whether or not they have a transmissible chromo
some defect. As most medical schools in this country now have 
1aboratory facilities capab1e of handling this service, there 
need be no excuse for omitting this investigation. 

INFERTILITY IN PATIENTS WITH 

SEX CHROMOSOME ABERRATIONS 

In contrast to the patients with autosomal aberrations, 
those with abnormal sex chromosome constitutions do not 
usually show severe physical and mental disability. In spite 
of this, there is no recorded instance of affected individuals 
transmitting the disorder to their offspring. Transmission of 
the defect appears to be prevented solely by a fortunate 
mechanism which prevents the successful maturation of germ 
cells with abnormal sex chromosome complements.ll The 
nature of this mechanism will be considered below. 

From the clinical standpoint there are four types of sex 
chromosome aberration, the K.linefelter group, the Turner 
group, and what might be called the extra-X group, and the 
extra-Y group. 
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Those in the Klinefelter group are male patients whose 
sex chromosome complement includes at least one normal Y 
chromosome and more than one X chromosome. The clinical 
syndrome is characterized in the adult by small testes, increased 
urinary excretion of gonadotrophins and skeletal disproportion; 
variable features include gynaecomastia, mental defect and 
androgen deficiency. At all ages from birth there is a marked 
deficiency of germinal cells, in many cases amounting to 
complete absence.9 Disability as judged by the severity of 
mental defect, the frequency of cryptorchidism and the 
frequency of proximal radio-ulnar synostosis, appears to 
increase with the number of extra X chromosomes.lO Only one 
' fertile ' case is known which is adequately supported by 
paternity studies,28 but the pathological findings in the testes 
in this case seem to contradict this claim. It seems that mosaic 
Klinefelter patients with an XY cell line, may have normal 
testicular function 2 and so may reasonably be expected to 
father normal children. 

Patients with Turner's syndrome and its variants show 
variable deficiency of the sex chromosome complement inter
mediate between XX and XO, and XY and XO respectively.12 
The commonest aberration is monosomy for the X chromosome 
(XO), but X and Y chromosome deletions, and XO /XX, 
XO jXY and other types of mosaicism are also described. 
The typical adult patient with Turner's syndrome has primary 
amenorrhoea, infantilism, high urinary gonadotrophins, is of 
short stature, and usually has several of the associated con
genital abnormalities, such as webhing of the neck, peripheral 
lymphoedema at birth and co-arctation of the aorta. There are 
no true ovaries, and all that can be found at the ovarian sites 
are thin streaks of ovarian stroma without germ cells. How
ever, spontaneaus menstruation is described in a few cases, 
and one XO individual is known to have had anormal child,I 
so that occasionally some germ cells are present. 

Fernale patients with XXX, XXXX and XXXXX sex 
complements (and with no Y chromosome) form a third group 
of sex chromosome aberrations. There seems to be no distinct 
clinical syndrome associated with thesechromosomal findings, 
and those affected are at least potentially fertile,2o although 
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mental deficiency is more common that in the general popu
lation.6 

It is of great interest that no XXX or XXY offspring have 
been born to XXX mothers, although at least eight normal 
children are known. By analogy with the situation observed in 
mongoloid mothers, 6 one would expect half the offspring to 
have a chromosomal aberration. In the XXX cases there thus 
seems to be evidence of selection against abnormal ova. This 
seems to be supported by the observation of reduced numbers 
of ova in the gonads of some XXX patients 20 and also by 
the findings that some patients have secondary amenorrhoea.lS 

At least eleven individuals are now known to have an XYY 
sex chromosome constitution.l7 Five of these patients are 
mentally retarded and seven show some genital abnormality, 
five having cryptorchidism. Only two are of reproductive 
age, one being childless and the other fathering ten pregnancies. 
Among the ten were two spontaneaus abortions and one 
mongoloid child, but apparently no XYY children. 

THE CAUSE OF THE FAlLURE TO TRANSMIT THE DEFECT 

IN THE SEX CHROMOSOME ABERRATIONS 

A possible explanation for the finding that patients with 
sex chromosome aberrations do not transmit their anomaly 
to their offspring is suggested by observations relating to the 
Lyonhypothesis of X-inactivation.23 

The hypothesis postulates that one of the two X chromo
somes in each female somatic cell becomes genetically inert 
during embryogenesis, the process of inactivation occurring 
in either of the X chromosomes randomly in different cells. 
The inactivated X chromosome becomes condensed in inter
mitotic nuclei and is visible under the microscope as the sex 
chromatin body. One of the consequences of X-inactivation 
is that the somatic cells of females heterozygous for X-linked 
genes, show a mosaic pattern of activity with respect to those 
genes. This has been very clearly demonstrated for the X
linked locus for glucose-6-phosphate dehydrogenase. 7 The 
hypothesis also accounts for the phenomenon of ' dosage 
compensation ', which refers to the observation that the product 
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of an X-linked gene is quantitatively the same when 1t 1s 
present in single dose in the XY male as it is when present in 
double dose in the XX female. In the Klinefelter and extra-X 
cases, the extra-X chromosomes are inactivated, and this 
explains the comparatively small effect on the phenotype as 
compared with that of autosomal aberrations. 

There is convincing evidence that X-inactivation does not 
occur in oogonia,26 and this may be the important factor in the 
differentiation and development of these cells. In other words, 
the complete genetic activity of two X chromosomes may be 
essential for the normal maturation and proliferation of oogonia. 
It might follow that embryonie germ cells are more susceptible 
to the genetic imbalance produced by abnormal sex chromo
some complements than are somatic cells, because the imbalance 
is not masked by genetic inactivation. This genetic imbalance 
could Iead to embryonie germ cell degeneration, which seems 
a satisfactory explanation for the usual absence of germ cells 
in patients with the Turner and Klinefelter syndromes. The 
occasional survival of a limited number of germ cells in these 
patients, and the observations of fertility in other types of sex 
chromosome aberrations without mosaicism for normal cell 
lines, requires further explanation. It has already been noted 
that all known offspring of these cases have had normal sex 
chromosome complements, and it is possible that non-dis
junctional events involving the sex chromosomes during 
proliferation of the germ cells have led to the selection and 
survival of a small proportion of germ cells with normal 
sex chromosome complements. Support for this view is pro
vided by a recent study of oogonia in the creeping vole, 
Microtus oregani.2S The sex chromosome constitution of the 
normal female in this species is XO, but XX oogonia are pro
duced by a process of selective non-disjunction. 

This concept of embryonie germ cell degeneration as a 
cause of the gonadal defects in the Klinefelter and Turner 
syndromes is also supported by animal experiments. Hems
worth and Jackson 15,16 have demonstrated that if Busulphan 
is administered to pregnant rats on or about the thirteenth day 
after insemination, i.e. at the time of migration and prolifera
tion of the embryo's germ cells, these are destroyed, so that 
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female offspring are born with sterile atrophic ovaries and males 
with sterile testes. The similarity of such ovaries to the gonads 
ofTurner's syndrome, and ofthe testes to the prepubertal testes 
with germinal aplasia in K.linefelter's syndrome is striking, 
and suggests that some abnormal sex chromosome comple
ments Iead to germ cell degeneration. Evidence from other 
species is scant, and to some extent conflicting. Thus the XXY 
mouse 24 and the XXY cat s are like the human XXY and 
are sterile, having testicular germinal aplasia. However, 
the XO mouse is fertile and produces both XO and normal 
offspring. It seems that studies of hybrids in mammals may 
also provide confirmatory evidence, for sterility is usual in this 
particular type of chromosome aberration. It is of interest 
that recent histological studies of mule ovaries show changes 
similar to the streak gonads of Turner's syndrome.22 

SUMMARY 

The various types of human chromosome aberrations are 
discussed in relation to their familial transmission. Direct 
transmission from parent to half the offspring is theoretically 
possible in the autosomal trisomy syndromes, because all cases 
are potentially fertile. However, the severity of the physical 
and mental defect in these conditions usually prevents repro
duction, even if it has not led to death before the reproductive 
age. The occurrence of mosaicism for normal and trisomic 
cell lines in apparently normal parents, is a more important 
cause of familial transmission, and presents difficulties because 
one cannot assess the risk of producing completely trisomic 
children. On the other hand, a parent with a balanced auto
somal translocation can be advised about the chances of pro
ducing abnormal offspring; in the case of the translocation 
mongol, the theoretical risk is one in three. 

Individuals with sex chromosome aberrations do not show 
the severe disability associated with autosomal aberrations. 
Despite this, transmission of the abnormality from parent to 
offpsring is unknown. This seems to be due to a failure to 
produce germ cells with abnormal sex chromosome comple
ments. Evidence is presented in favour of a hypothesis that 
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explains this on the basis that genetic inactivation of the X 
chromosome does not occur in germ cells. 

DISGUSSION 

DR FERGUSON-SMITH, when asked if it was known by what 
mechanism embryos with gross chromosome aberrations, such 
as trisomy 16, were aborted spontaneously, replied that 
trisomy 16 had been demonstrated on at least three occasions 
from products of spontaneaus abortions, but was unknown in 
1ive-born chi1dren. Presumab1y this aberration was com
patible with only a short period of embryonie development. 
Death of the foetus initiated in some unknown way the expul
sion of the who1e conceptus, even a1though part of the mem
branes were still viable and could be grown in culture. In 
answer to a further question, he knew of no evidence that 
thalidomide acted by preventing the expulsion of abnormal 
embryos; on the contrary, the evidence showed that the drug 
was actively teratogenic. (Incidentally, chromosome aberra
tions are not induced in vitro by treating growing human cells 
with thalidomide.) 

Asked if chromosome abnormalities could be detected 
in vitro by culture of embryonie cells in view of the possibility 
that birth of an abnormal child might be prevented by thera
peutic abortion, the speaker thought that in pregnancies 
where there was a high risk of a chromosomally abnormal 
child, it was doubtful whether uterine puncture and withdrawal 
of viable embryonie cells could be accomplished without risk 
to mother and foetus early enough in pregnancy to make 
therapeutic abortion feasible. (In such a situation cell culture 
might have to be continued for several weeks before chromo
some analysis was possible, and even then there was no 
assurance that matemal tissue was not being grown.) It was 
of interest that a Danish group had had a similar idea, applying 
the much simpler technique of nuclear sexing to amniotic 
cells obtained by uterine puncture at the fourth month of 
pregnancy in two mothers heterozygous for the X-linked 
haemophilia gene (Lancet, 1960, ii: 180). The object was to 
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terminate the pregnancy if the foetus was found to be male, 
because of the expectation that half the male offspring would 
have haemophilia. 
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SOME PRACTICAL APPLICATIONS 

J. A. FRASER RoBERTS 

Clinical Genetics Research Unit, Medical Research Council, London 

IT was recommended that this session might include one rather 
bread-and-butter paper, namely, a brief review of some of the 
contributions that genetics can make to the practice ofmedicine 
and surgery here and now, or at least in the reasonably fore
seeable future. The first contribution I should like to mention 
is the help a knowledge of genetics can give in facilitating early 
diagnosis when this is important if effective treatment is to be 
instituted. Early diagnosis is important in a nurober of 
genetically determined conditions. A well-known example is 
multiple polyposis of the colon and rectum, a condition deter
mined by a dominant gene. 4 This is a pre-cancerous condition 
and early operation has saved many lives. Dr Dukes and his 
colleagues at St Mark's Hospital have kept in tauch with 
very many family groups, and as individuals of the younger 
generations grow up they are examined and, if polyposis is 
found, are operated on. 

Galactosaemia is due to a deficiency or abnormality of the 
enzyme galactose I-phosphate uridyl transferase. The body is 
unable to utilize Iactose and toxic products cause serious 
damage, including liver damage, cataracts and severe mental 
deficiency. Early death is common. The condition is not 
easily diagnosed, but, if this is clone sufficiently early, with
holding Iactose from the diet can ensure more or less normal 
development. Galactosaemia is due to a recessive gene, so 
when an affected child has been born and has perhaps died, 
it is at least known that the risk ofrecurrence in any subsequent 
child is one in four, so that all concerned are ready to detect 
abnormality at the earliest possible moment. The same con
siderations apply to phenylketonuria, where it is most im
portant to put the child on a diet very low in phenylalanine 
as early as possible. With this condition the test is so simple, 
however, that screening the whole population of new births 
is practicable and is being practised in many areas. 

164 
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Diabetes insipidus is due to a sex-linked gene. Once again 
early diagnosis may be difficult and in the absence of treat
ment the results are often disastrous, with a high proportion 
of early deaths. The maintenance of a proper fluid and 
electrolyte balance makes it possible to secure fairly normal 
development. So when a woman has had an affected boy, 
it is known that the risk to any subsequent boy, barring a 
mutation, is 1 in 2. 

A nurober of commoner conditions could be mentioned 
which are not wholly genetic, but are at least partly genetic, 
and where there is an appreciable or fairly substantial incidence 
in close relatives, these incidences being estimated by making 
appropriate surveys. With congenital pyloric stenosis, the 
commonest reason for surgery in very early life, about 8 per 
cent ofthe brothers or sons of affected men are affected and no 
less than about 20 per cent of the brothers and sons of affected 
women. The results of treatment are excellent and the eure 
lifelong. In fact there is evidence that those affected are 
above the average in muscular efficiency. Other conditions 
include congenital dislocation of the hip and Hirschsprung's 
disease. With Hirschsprung's disease very early operation 
offers the best hope of survival in many desperate cases. 
Meconium ileus is one of the forms that fibrocystic disease of 
the pancreas may take, and very early operation is required 
if life is to be saved. Fibrocystic disease in an older sib is a 
warning that this complication must be watched for in any 
subsequent child. 

Help in early diagnosis is by no means con.fined to the 
diseases of infancy and childhood, however. I will mention 
two striking examples concerning adult diseases. Miller and 
Patersou 5 carried out a family study of glaucoma simplex. 
The incidence of frank disease in relatives was quite low, 
namely, four out of 50 sibs and two out of 75 children. But a 
measure of the coefficient of outflow from the anterior chamber 
of the eye, the Friedenwald index, gave very striking results. 
The values were abnormally high in just about half the sibs, 
and in just about half the children, whereas in the controls 
there was but a single instance of a value above the accepted 
upper Iimit of normality. This strongly suggests a dominant 
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gene, though of course it is only a fairly small proportion of the 
bearers of the gene who will develop frank glaucoma. A 
remarkable finding was that the index showed little if any 
change with age, the proportion of abnormal values being 
about the same in relatives of all ages down to fifteen years, 
the youngest studied. If all this works out, and it looks very 
convincing, it would be weil worth while examining the sibs 
and children of people with glaucoma simplex, and perhaps 
their nephews and nieces and first cousins too, and keeping 
under periodical observation those who showed a raised index. 

The second example is idiopathic haemochromatosis, a 
defect of iron metabolism. In the past the evidence for genetic 
determinationwas not very strong and there have been divided 
views. The practical difficulties of carrying out family studies 
are formidable. This is largely because liver biopsies on normal 
control subjects are hardly admissible and those with actual 
or suspected liver disease are not a very good substitute as 
controls. In spite of the difficulties, however, Williams, 
Sheuer and Sherlock 8 have been able to produce strong 
evidence that an intermediate gene is responsible. One dose 
of the gene gives lesser manifestations, two doses the full 
disease, or something approaching it. Treatment by multiple 
venesection, instituted as early as possible, is most important, 
and these authors have already diagnosed the disease at a 
relatively early stage in some sibs of affected persans and have 
commenced to treat them. 

I must now turn to another, but related subject, namely 
drug-induced disease where the susceptibility has a genetic 
basis. A very striking example is probably familiar to you, 
but I think the story bears repetition. A form of hereditary 
porphyria, porphyria variegata, is common in the white and 
coloured populations of South Africa and it is estimated that 
in that relatively small population there are about 8000 affected 
individuals. It is due to a dominant gene and, thanks to 
intensive work by Dean,3 it now seems certain that all these 
abnormal genes derive from a single mutation, for the evidence 
is very strong that all 8000 are descended from a single couple 
who married in 1688. Under natural conditions the gene does 
not do very much harm. Some affected people suffer from 
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rather troublesome skin lesions and some have acute episodes. 
Some, however, remain free of all symptoms, though the pre
sence ofthe gene can always, or practically always, be detected, 
at least in adults, by a very simple chemical test. It was the 
introduction of the barbiturates, and above ail of barbiturate 
anaesthetics, that produced a transtormation. These drugs are 
very apt to cause severe reactions and there have been many 
deaths. The danger is now weil recognized. At some South 
African hospitals it is routine to test for porphyrirr before giving 
a general anaesthetic, and those known to carry the gene are 
given cards warning doctors that the dangeraus drugs must 
not be given. 

Another example is provided by an enzyme defect, a de
ficiency or abnormality of pseudocholinesterase. Under 
natural conditions there seem to be no harmful effects at ail, 
at least none have been discovered. But if suxamethonium 
is given as a muscle relaxant during anaesthesia there may be a 
prolonged and dangeraus apnoea. The genetics are not 
simple. Several genes are involved; they may weil be alleles. 
In general, inheritance is recessive. The frequency of suscept
ible persons in our population is about one in 2000. Already 
during the course of family studies susceptible persons have 
been identified and given cards warning doctors that suxa
methonium must not be used. Other examples could be given 
and it seems certain that the list of drug sensitivities known to 
have a genetic basis will continue to grow. 

The next topic I should like to mention is the detection 
of carriers. From the practical point of view this is most 
important with sex-linked genes. Apart from a recent muta
tion the chance that the sister of an affected boy will be a 
carrier is 1 in 2. It is of the greatest importance to distinguish 
between the two kinds of sisters if possible. If it is possible, 
then halfthe sisters ofsuch boys must be warned that the chance 
that any son will be affected or any daughter a carrier is one
half. But the other half of the sisters can be assured that they 
are not carriers and have nothing to fear. Fortunately, it is 
precisely with sex-linked genes that the carrier state is most 
easily detected. This might be expected on the Lyon hypo
thesis. If indeed only one X chromosome is active in the cell, 

M 
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some of these will be the X bearing the abnormal gene, and so 
it may be expected that lesser manifestations, usually perhaps 
of no clinical significance, or perhaps detectable only by the 
use of special tests, will in fact frequently be found. And this 
seems to be coming true. 

Carter and Simpkiss I showed that Carriers of nephro
genic diabetes insipidus can almost always, or perhaps always, 
be detected by their failure to produce a normally concentrated 
urine. Retinitis pigmentosa is usually recessive, but in some 
families it is due to a sex-linked gene. The carrier woman can 
be detected by a symptomless anomaly visible on examination 
with the ophthalmoscope, the tapetal reflex. In choroider
aemia, another sex-linked eye condition, the carrier women 
also show a symptomless lesser manifestation. 

The most important breakthrough is quite recent. This is 
in the Duchenne type of progressive muscular dystrophy, 
which, as simply inherited conditions go, is relatively common. 
In the affected boys there is a rise in the level of creatine kinase 
in the blood. Now it has been discovered that the great 
majority of carrier women also show a rise of lesser degree, 
but nevertheless outside the normal range.9 It seems likely 
that diagnosis of the carrier state can be made with about 
90 per cent efficiency. This is a most important advance and 
will be a boon to many of the female relatives of affected boys, 
for they can be assured with high probability that they have 
been lucky and do not carry the gene. 

Unfortunately, with haemophilia, this advance has not yet 
been made, though it may be hoped that an efficient method for 
the detection of carriers will be discovered in the not too 
distant future. I am no haematologist, but if I understand it 
correctly the present difficulty may be largely technical. Some 
carrier women do show a significant lowering in the level of 
anti-haemophilic globulin, but in the opinion ofmost observers 
the test is not at present of much practical use. One difficulty 
is that there is a considerable margin of error in the estimation. 
Another is that among normal people there are considerable 
variations in level and these seem to be genetically controlled. 
Hence a carrier woman might reveal a level which with her 
genetic background was in fact low, but yet was higher than 
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that in a normal woman coming from a family with a tendency 
to have relatively low levels of anti-haemophilic globulin. Still, 
as I have said, it may be hoped that the difficulties will be 
overcome and that haemophilia will join the growing array 
of sex-linked conditions in which the carrier woman can be 
detected, either unequivocally, or at least with sufficient pro
bability to be of use for giving genetic advice. 

The detection of the carriers of recessive genes is of much 
less practical importance, unless the gene should happen to be 
relatively common, which it seldom is. The detection of the 
carriers of recessive genes has indeed become possible with a 
growing Iist of conditions, though usually only when investi
gations can be carried out at the enzyme Ievel; and then it is 
often found that the efficiency of separation of normals and 
heterozygotes is only partial. It is of course quite different 
with those intermediate genes which are common in some 
parts of the world. A very practical application of genetics 
has been proceeding for a considerable time in Italy. In parts 
of Italy the thalassaemia gene, which in double dose gives the 
fatal Cooley's anaemia, is very common rising to a frequency 
of one person in five in some townships in the district of 
Ferrara. Given random mating in those townships, one child 
in every hundred will die of Cooley's anaemia. A thorough 
system of testing has been instituted, especially for school 
children, and those found to carry the gene, that is those who 
display the lesser anomaly of thalassaemia minor, are warned 
ofthe danger ofmarrying each other. 

The siekling gene is even commoner in parts of Africa. In 
fact in the areas of highest frequency something not far short 
of 10 per cent of children may be expected to suffer from sickle 
cell anaemia. When other more important problems of public 
health have been tackled, a scheme on the lines of the ltalian 
one is likely to make an important contribution. 

Most recessive genes are not sufficiently common to make 
it likely that the screening of the population would be a 
practical proposition even if efficient methods of detection 
were available. The commonest recessive defect in our own 
population is fibrocysticdisease ofthe pancreas, witha frequency 
of about one in 2000 births. If it is always due to the same 
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gene-and there is some evidence that it is-this means that 
something like one person in twenty-five carries the gene. At 
present there is no method for detecting carriers. Ifthere were, 
it might perhaps be considered whether general screening was 
worthwhile. 

There might perhaps be some reason for testing the close 
relatives, particularly the sibs, of those suffering from a reces
sive defect, if, of course, a test were available, and then with 
those found to be carriers tests could be affered to prospective 
marriage partners. But all this is rather speculative and not 
much is to be expected along these lines for some time to come. 

A number of other practical applications could be listed. 
There is the study of the genetic effects of ionizing radiation. 
There is the treatment of haemolytic disease of the foetus and 
newborn, which is largely an essay in applied genetics. Here 
recent work 2 holds the promise that one day it may be possible 
to prevent the sensitization of Rh-negative warnen bearing 
their first Rh-positive child. Then there are the medico
legal applications of genetics, such as the use of blood-grouping 
in cases of disputed paternity. 

When these and all other applications are considered, 
however, there is no doubt in my mind that far the most 
important single application of genetics in medicine is the 
provision of genetic advice for those who need it. Not many 
couples really need genetic advice; but those who do, need it 
badly. Experience shows that in fact useful advice can be 
given in a very high proportion of instances. I will not try 
to develop this theme, however, as I have attempted to do in 
several publications.6. 7 

DISGUSSION 

Replying to a questioner who, referring to recent research 
in India, suggested that there might be a considerable dietary 
inftuence in the incidence of glaucoma simplex, Dr FRASER 
RoBERTS said that the ratio of I :I which was strongly suggested, 
both in sibs and in children, did not seem to be compatible 
with an environmental explanation. Needless to say, however, 
it might well be that environmental inftuences were of great 
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importance in determining whether the genetic predisposition 
was translated into frank disease. 

Asked to explain further his reference to ' genetic advice 
to couples' Dr Fraser Roberts said that he and his colleague, 
Dr C. 0. Carter had been running regular genetic clinics at 
Great Ormond Street since 1946 and that there were some 
others now in other parts of the country. It was definitely a 
matter of affering advice to people who felt they needed it. 
In their experience 90 per cent of all queries came from 
couples who had had a child with something the matter with 
it and were afraid of repetition in a subsequent child. They 
never advised people whether to have children or not; they 
worked out the risks to the best of their ability and then 
explained these risks to the couple. The cases fell very neatly 
into two groups: the bad risks and the good ones. Most 
couples really were deterred when they heard that unfor
tunately the risk was high, but in a considerable proportion 
of instances the risk was small. They felt that if it was less 
than one in twenty, people really had not very much to worry 
about. 
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INTRODUCTION 

SIR juLIAN HuxLEY 

ALTROUGH this discussion has already roamed very widely, 
there are still certain aspects which I do not think we can hope 
it will be able to cover in two days. For instance, on the 
physiological side, nothing, sofaras I remember, has been said 
about the stress effect of overcrowding and frustration, a stress 
which has been experimentally demonstrated in a number of 
animals. This is undoubtedly operating on the inhabitants 
of any city with over a million inhabitants in the world to-day, 
and has, to my mind, very serious implications. 

We have had one paper by Dr Gille-and a very valuable 
one-about other countries than our own. He has reminded 
us of the immense differential between the so-called developed 
and the so-called underdeveloped countries, not only in 
Standards of living but, what is in a way much more serious, 
in rates of increase. We clearly need a discussion some time
not necessarily at this Symposium-of what can be done in 
the way of aid to these underdeveloped countries to get their 
rate of population increase down to a manageable Ievel, 
so that their breakthrough to industrial prosperity is not inter
fered with, and so that they have sufficient educational and 
recreational facilities as well as adequate material Standards. 
This raises a very important point, which I hope may come up 
in the general discussion, namely the duties of scientifically, 
technically and socially advanced countries to aid the under
developed and less advanced countries in this matter of popu
lation: by more research, by making the results of research 
available on demand, by providing advice and trained per
sonne! for setting up and implementing programmes and pro
jects for population regulation and birth control, and by 
giving contraceptive devices free as part of their aid programmes. 

11S 



THE COST OF LARGE FAMILIES 
AND OF THEIR PREVENTION, 

WITH SPECIAL REFERENCE 
TO UNDERDEVELOPED COUNTRIES 

P. SARGANT FLORENCE 

Professor Emeritus, Faculty of Commerce and Social Science, 
University of Birmingham 

FUNDAMENTAL SOCIAL PROBLEMS AND THEIR COST 

TO talk about the cost of large families may seem to reverse 
the title of this symposium-may appear to be discussing not 
the biological aspects of social problems but the social, or at 
least the economic aspects, of a biological problem. But if 
we get down to first principles I do not think I am being quite 
so perverse as all that. What, fundamentally, are the main 
social problems facing the world? To be precise, five are 
usually recognized: poverty, unemployment (including under
employment), * illiteracy and lack of education generally, 
ill-health and crime. I shall be content with the first three
broadly speaking, poverty, unemployment and illiteracy. 
They have been attributed to a nurober of factors, economic, 
political, psychological and sociological. Here I am bringing 
forward the factor of the large family-surely a biological aspect. 
Moreover, poverty and unemployment as well as ill-health, 
illiteracy and crime are biologically a cost to the community 
as leading either to the waste or misuse of human capacity 
or, in the attempt (not always successful) to solve or relieve 
them, leading not just to taxation but to the ' real ' costs in 
human effort and sacrifice of organizing welfare and services. 

THE COST OF SETTING STANDARDS AT HOME ANDIN 

UNDERDEVELOPED COUNTRIES 

The Economic Research Council is just publishing an 
Occasional Paper in which I consider the public cost of large 

• The problern of Iack of employment is not merely the poverty that ensues, 
but also the frustration and loss of self-respect that is involved. Full employment 
is normally included as weil as higher income per head as a criterion in the plans 
for development of the underdeveloped countries. 

176 
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families (rneaning by that farnilies offive children or rnore) in 
Great Britain to-day and the alternative cost of preventing large 
farnilies. In that paper I quote Dr Dorothy Morgan's estirnate 
that her dornici1iary birth contro1 service to 110 parents saved 
the City ofSoutharnpton ;[473 a rnonth on Chi1d Gare alone. I 
need, therefore, on1y allude very broadly to the costs at horne. 
But in rnore detail I shall try to draw the rnora1 for the world at 
large, including the underdeveloped countries, rnost of which 
are planning to tackle the prob1erns of poverty, unernployrnent 
and illiteracy by arnbitious educational and welfare services. 

The first fact to realize is how costly children are if they are 
not, when adults, to be a drag on the developrnent of the 
cornrnunity. An argurnent often used against birth control 
is that the population thereby becornes rnore aged on average 
and that the aged are, cornpared with the young, an econornic 
liability. Butthis is the reverse ofthe truth. When we exarnine 
our own national accounts, as I do in rny Occasional Paper, 
it will be found that rnore than double is spent by British 
national and local authorities on the young, than on the old. 
Apart frorn the rnore obvious iterns of education and farnily 
allowances there are schoo1 rneals and child services, such as 
Local Authority 'hornes' to be reckoned with. Moreover it 
is particular1y arnong large farnilies that the social problerns 
of poverty and crirne arise which are so costly to relieve and 
prevent. Between 1948 and 1950, the Eugenics Society 
sponsored inquiries in five areas into the 'problern' farnilies 
known to the local social agencies and helped by public funds 
of various sorts.2 Of these problern farnilies that had any 
chi1dren at horne 48 ·5 per cent were found to have five chi1dren 
or rnore. The Census of 1951 found, however, that of all 
farnilies with chi1dren in the population at large only 2 ·65 per 
cent had five children or rnore. 

As forrnalized in their four, five or six year plans, rnost 
underdeveloped countries aspire to raising ' Standards of 
living' arnong their population and, quite logically, to becorn
ing welfare states with schooling for all. I say' quite logically' 
because the standards of living should refer not to an avetage 
per head but to a rninirnurn Ievel of incorne below which no 
one in a cornrnunity falls-or hardly anyone. To be precise, 
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we want to know not the arithmetic mean or even the median 
but the lowest decile or percentile of a country's income 
distribution. lt is to keep this minimum that the measures 
of social welfare are required and are paid out of public funds
particularly to the !arger families. In the past the economy of 
most underdeveloped countries was just a primitive agricul
tural system in which the extended family or community, 
as a matter of obligation, supplied social security. But to-day 
most of the surplus population unemployed or under-employed 
in underdeveloped countries is flocking to the cities, usually 
settling in ' shanty-towns ' without full-time jobs. 

This urbanization, breaking up tribal and extended family 
organization, will, if the aspiration toward higher standards 
is to be fulfilled, call for the same sort of welfare measures 
( e.g. family allowances, child clinics, probation and educational 
services) as in the developed, industrialized countries. As yet, 
however, not much industry is there to support them; and of 
course a much greater distance has to be made up between 
the current level of abject poverty and Standards. 

THE FUTURE SIGNIFICANCE OF FAMILY SIZE 

U nderdeveloped countries at present in dire poverty aspire 
to higher Standards of living, including the welfare services 
that will prevent any citizen falling below a certain minimum; 
and families with many children are the most expensive item 
in this programme. It follows that the costs relative to the 
national income will largely depend on the ratio of present 
and future children to the general population. As age pyramids 
show graphically (that of Pakistan is fairly typical) most 
underdeveloped countries have a much higher ratio of children 
to adults than have developed countries.6, 6* This 'juvenation' 

*In an article in the October 1964 issue of The Eugenics Review I compared the 
age pyramids of four underdeveloped countries with that of Pakistan. To quote: 
" a short test of ... similarity is to divide the number of 0-9-year-olds by the 
number in the ten-year group aged 25-34." This intergeneration ratio was for 
Pakistan in 1960 2·47 ... for Mexico in 1960 the ratiowas 2·43, for both Thailand 
and Indonesia in 1961 it was 2·15, and for the Philippines 2·60. For England and 
Wales in 1871 (when birth rates were at their height) it was only 1·73, in 1961 
only 1·22. 

These five are the only !arge underdeveloped countries the age structure of 
which appears in the U.N. Demographie rearbook for 1962. 
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of the age structure has been an outstanding feature only since 
1950, resulting in a very !arge bulge indeed in the base of the 
age pyramids and pointing to a greatly increased number of 
potential parents from 1965 onwards. Two facts Ioom on the 
horizon-one qualitative, the desire for minimum standards 
of living involving particular costs where children are involved; 
the other quantitative-the sharply increasing number of 
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FIGURE 1. Age structure pyramid. Pakistan 1961 census. 

potential parents. In view of these two facts, the size of the 
family (the number of children per parent) obviously becomes 
crucial. Hence the title of my paper. 

Clearly if families remain at their present size the popu
lation explosion of to-day will appear quite ' pre-atomic ' 
compared with that to be let loose in ten years time or so. 
The present explosion is due to a fall in the death rate not 
(taking countries as a whole) to any increase in the birth rate. 
But soon, if families remain the same size, the increase in 
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potential parents will push up national crude birth rates. 
This, combined with death rates continually falling, will 
produce an explosion of atomic bomb dimension. 

To an audience numerate as well as literate, I must be 
precise on the size at which families should aim to avoid too 
great a cost to the community. We must take account of the 
biologica1 (or is it psychological?) fact that the great majority 
of women-and of men too-want children. If the atomic 
population bomb is to be banned this must be brought about, 
not by depriving some couples of children altogether, but by 
laying down an avetage size of family to apply to all. In fact 
the average is not just an abstract academic expression but 
becomes ofreal import to policy. In a closely reasoned paper 
at Rarnilton College (March 1964) Professor Henry Villard 
took account of all the world's land resources. He was even 
prepared to concede that desalinization of sea-water and cheap 
nuclear or solar power can be used to make garden spots of 
the Sahara and of the interior of Australia, though doubtful 
what could be clone with northern Canada, Greenland, 
Siberia or Antarctica. In the result, he considered that, for 
a minimum of food, world population must be absolutely 
stabilized in a hundred to two hundred years from now. Stabi
lization implies an average family of only a little over two. 
Obviously birth rates cannot be brought down suddenly to 
produce this average size; but we must start, right now, the 
process of bringing down the birth rate to stabilization Ievel. 
How can families be reduced in size really extensively and 
quickly? 

THE COSTS OF MASSIVE CONTRACEPTION 

To an economist like myself it seems necessary to add a 
third criterion in judging any birth control method to set 
beside the criterion of efficiency in controlling conception 
and social acceptability-namely its economy. The peoples 
of the underdeveloped countries are poor-to us unimaginably 
poor-and whether their governments help in organizing and 
financing birth control or not, they must seek the cheapest 
method for the massive cutting down of birth rates that is 
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necessary immediately if their standard of living is ever to rise 
appreciably. To be sure, there is aid from foreign countries; 
but whether from government or private sources (as in the 
recent Freedom From Hunger Campaign) this has not so far 
affected standards of living appreciably except in a few 
specially favoured countries (favoured usually for military 
reasons) or in the still fewer countries, like Japan, that have 
taken birth control serious1y. Indeed if attention is concen
trated solely on increasing production to the neg1ect of decreas
ing reproduction as the hunger campaign has unfortunately 
done, I fear foreign aid may well have made the long-term 
position worse. 

I conclude then, that the biological aspect of the problern 
of poverty, unemployment and illiteracy in underdeveloped 
countries (or in classica1 economic terms, the problern of the 
means of subsistence not outrunning population as it should) 
can be met only by including birth control in the programme 
and by using the cheapest method ofbirth control. 

Unlike the death control which has recently become so 
successful, birth control cannot be administered by a few 
experts. The cost of birth control which will be extensive 
enough to affect a country's population explosion, must include 
the cost of bringing knowledge to the masses. 

If recent sociological research rather than sociologica1 theory 
is to be credited,I. * a heavy cost is not, in most countries, 
required to overcome definite motivation toward large families. 
Motives, in fact, if involved at all, point the other way. t Queen 
Victoria wrote to her uncle of the great inconvenience a large 
family would be.+ In the event, she had nine children. 
Similarly Birmingham immigrant mothers are ' moved ' to 
have a much smaller family as an ideal than, in the event, 
they actually produce.s No religion except the Roman 

• I refer particu1arly to the fie1d work of Stycos and Bogue and to Berelson 
and Freedman's account ofthe Tai-wan experiment. 

t See F1orence, Economics and Sociology of Industry, pp. 195 ff. Large families 
in Great Britain and one suspects elsewhere are 1argely due to (1) ignorance of 
effective birth contro1 methods, or (2) fecklessness even ifinformed ofsuch methods. 
In neither case do ' motives ' p1ay a part, un1ess motives to contro1 ferti1ity are 
thought ofas forces strong enough (or too weak) to overcome fecklessness. 

t Letters ofQueen Victoria. See also Dearest Child, edited by Fu1ford, 1964. 
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Catholic seems positively to condemn birth control, though 
many religions prevent higher standards of living by reducing 
productivity and the mcire equal distribution of wealth. 
Mohammedan Ramadan and the Hindu sacred cow and caste 
system need only be mentioned. 

In short, except in Roman Catholic countries, propaganda 
or counter-propaganda to make converts to birth control is not 
required to any great extent, particularly after two children 
have been born. The costs of introducing birth control can 
generally be confined to discovering the most acceptable form 
of contraceptive and then mass communication to have it as 
widely accepted as possible. 

THE COSTS OF DIFFERENT CONTRACEPTIVE METHODS 

Dr Peberdy contributes to this symposium a most important 
paper on her experience in Newcastle, in applying different 
methods of birth control among problern families which were, 
as usual, mainly large families or likely to become so. I need 
therefore say no more in comparing different methods at 
home. Abroad, in a still fairly underdeveloped country, a 
most hopeful experiment in the comparative success of 
different methods of spreading information on different 
contraceptive methods has only recently been described and 
must be reported. The country is Tai-wan.l The objective 
was to learn how much family planning could be initiated at 
how much cost in money. Throughout the City of Taichung 
posters were displayed pointing out the advantages of birth 
control, and meetings held with community leaders to get their 
co-operation. But in some areas of the city additional methods 
of communication were applied; (a) letters to newly-wed 
couples or parents with two or more children; (b) in the 
' everything treatment ' personal visits also, by specially trained 
nurse-midwives to every wife twenty to thirty-nine years old, 
and in half the cases their husbands, too. These methods were 
applied according to sector in three degrees of intensity: 
' light ' to every fifth neighbourhood of the sector; ' medium ' 
to every third; ' heavy ' to every second. 

The results were quite encouraging. Forty per cent of the 
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' eligible ' * women took up contraception in the first thirteen 
months. 

TABLEI 

COMPARISON OF THE DIFFERENT ßiRTH CONTROL METHODS 

CAP 

WASHABLE 

SHXATH 

A. AccEPTABILITY-

ß. EFFECTIVENESS 

C. EcoNoMY 
Materials 

Labour 

Special Premises 

Distasteful to 
manywomen • 

In Tai-wan only 
15 per cent 
accepted without 
need ofhome 
visit. Preferred 
to other 
methods by 
20 per cent 

High ifin
structions 
carried out 

A cap once a 
a year (Bs.) 
+ chemieals 

Doctor for 
prescribing ; 
nurse for 
teaching 

A clinic ; one 
or two visi ts a 
year 

2 a year 
approx. 2s. 3d. 
each 

None 

None 

PILL 

Requires 
sustained 
habit but 
regularity 
makes easier 

PLASTIC COIL 

No need for 
sustained effort 

In Tai-wan 75 
per cent 
accepted with

In Tai-wan out need of 
only 2 per home visit. Pre-
cent prefer to ferred to other 
other method by 78 
methods per cent 

100 per cent In Tai-wan 20 
per cent expel 
or remove after 
six months 

6d. each, 2d. each not 
300 a year more than one 
[,7. lOs. a year 

Qualified Qualified 
doctor to doctor for 
supervise insertion 

None A clinic visit 
once a year 

• See Lella S. Florence, 1956 Progress Report on Birth Control, pp. 129-30. 

A tentative conclusion was that the maximum return for 
minimum expenditure can be obtained with something less 
than the heavy-sector degree of intensity and that the added 

• Excluding warnen not already practising contraception, sterile or sterilized, 
or already pregnant. 

N 
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effect of visiting husbands as well as wives was not worth the 
expense. The average cost of getting acceptance was $4 to 
$8; but a ' take-off' effect is produced after a certain con
centration. Information gets round by ward of mouth without 
further organization or cost. 

After the costs of introduction come the costs of operation. 
The items involved in its economic Operation can be analyzed 
like manufacturing costs into: 

i. The costs of materials; 
ii. The cost of labour: professional, skilled or unskilled; 

iii. The cost of premises, fixed equipment and tools. 

For various contraceptive methods, a table can then be 
drawn up, as a final offering, comparing their acceptability, 
effectiveness and the economy of operation. 

lt Iooks, in short, as though the plastic coil were the most 
acceptable, effective and economic answer for 80 per cent of 
warnen at least in the underdeveloped countries. 
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THE RELATIVE ACCEPTABILITY 
OF CONTRACEPTIVE METHODS 

AMONG IMMIGRANTS 

J. A. H. WATERHOUSE 

Department of Medical Statistics, Universiry of Birmingham 

FROM the variety of devices now available for the purpose of 
voluntary Iimitation of family size, the choice, for peoples of 
underdeveloped but overpopulated countries, is likely to be 
made not on grounds of efficacy but of acceptability. The 
urgency of the need cannot wait for the slow advance of literacy, 
nor in so meagre an existence can any realistic programme 
expect to rely upon voluntary purchases in competition with 
food and the necessities of life. Though cost may be the 
ultimate arbiter of method, compatibility with religious tenet 
or culture pattern can be of the utmost importance in accept~ 
ance or rejection on a mass scale. 

Before embarking on any large-scale programme, a pilot 
investigation, small in size but intensive in scope, is necessary 
to discover the comparative suitability of different contra
ceptive methods to peoples of varied cultural origins. Equally 
important may be information obtained on the unsuitability 
of a method, or of a manner of presentation, so that costly 
mistakes may be avoided. In the critical stages of a nation
wide campaign, a mistake of this kind could, by engendering 
a population resistance, jeopardize the entire programme. 

In common with many other large cities of this country, 
Birmingham has acquired within the last ten years a large 
immigrant population. Recently Miss Brabban and I pub
lished the preliminary results of a sociological survey we 
conducted in Sparkbrook, which, of all the wards of Birming
ham, possesses the highest proportion of immigrants.2 W e 
had obtained details of family size and structure as part of our 
inquiry, and had also asked about awareness of birth control 
and the methods used. We reported that" one ofthe important 
consequences of this investigation has been to reveal the 

ISS 
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demand, and the need, for a family planning service in this 
district ". We went on to say that "our experience suggests 
that given suitable initial publicity, fainily planning •.• would 
be readily accepted and weil patronised ". Such findings 
reinforced our belief that an experimental study of family 
planning methods and their differential acceptability could 
usefully be undertaken here in Sparkbrook. 

The principal immigrant groups represented are from 
Ireland, India, Pakistan and the West Indies. In our earlier 
paper Indians and Pakistanis were combined because their 
numbers were too small to justify separation, and a fourth 

Eng1ish 
Irish 
West Indian 
Indian/Pakistani 

TABLEI 

STRUCTURE OF SAMPLE 

NUMBERS 

~ 
(a) (b) 

54 
69 
56 
69 

74 
69 
52 
56 

248 251 

PERCENTAGE 

~ 
(a) (b) 

21·8 
27·8 
22·6 
27·8 

29·5 
27·5 
20·7 
22·3 

Note: (a) Groups defined by nationa1ity ofma1e consort. 
( b) Groups defined by nationality of fema1e. 

group, the indigenous English population, were included as a 
control. In that paper, although in the main it was female
orientated, the groups were defined by the nationality of the 
male. When the data are re-examined, according to the 
nationality ofthe female, the relative composition ofthe sample 
is altered, as is shown in Table I, chiefly by increasing the size 
of the English group at the expense of the Indian-Pakistani 
group. Table II, showing the nationality of the consorts of 
women in each group, demonstrates the differences more 
clearly, showing that the consorts, both of West Indian and 
Indian/Pakistani women, are from the woman's own group, 
whereas the two white groups include all four categories. 

Table 111 summarizes the pregnancy experience of the four 
groups, classified by nationality of mother. Again it appears 
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that those of the Indian /Pakistani group have the fewest mis
carriages, but as we pointed out before, we consider this 
to be more probably attributable to under-representation than 
to a genuine difference. A more informative picture of the 
pattern of fertility by age for each group is shown in the graph of 
cumulative fertility(Fig. 1). Based here on the nationality ofthe 

TABLE li 

NATIONALITY OF NATIONALITY oF GoNSORT No GoNSORT 
\\TOMAN 

West Indian/ 
English Irish Indian Pakistani Other 

Eng1ish 65·5 12-1 5·2 10·3 6·9 21·6 
Irish 6·8 81·3 1·7 10·2 14·5 
West Indian 100 19·2 
Indian/Pakistani 100 1·8 

mother, it shows little overall difference from our previous 
graph. The Indian /Pakistani and Irish groups run closely 
parallel, as before, the English shows the lowest fertility by 
age, and the West Indian is intermediate. 

Though the Indian /Pakistani group does in fact exhibit 
the highest fertility rate with age, and proceeds to the largest 

English 
Irish 
West Indian 
Indian/Pakistani 

TABLE III 

SUMMARY OF PREGNANCY EXPERIENCE 

Averagenumber Averagenumber Women having one 
of PREGNANCIES of LIVE BIRTHS or more 

2·9 
3·8 
3·3 
3·9 

2·4 
3·0 
2·7 
3·6 

MISCARRIAGES 

25·7 
33-3 
26·9 
12·5 

overall total of children, this appears not to be in accord with 
their aspirations. In response to enquiry, we learned that their 
ideal size offamily averaged 3 ·3 (Table IV), spaced at intervals 
ofthree years. Taking this in conjunction with the information 
on family planning, for which, although only two out of three 
were aware of birth control, a larger fraction of this group 
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than of any other group used family planning methods, we 
gathered that the incentive to Iimitation of family size is not 
lacking among Indian /Pakistani women. Irish women, on 
the other hand, prefer a family offour, with a spacinginterval 
of2l years. Their Church permits them to use only abstention, 
or the ' safe period '; although nearly all were aware of the 
existence of birth control methods, only about half of them 
made use of them. lf one of the results of the deliberations of 
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FIGURE 1. 

the present Vatican Council should be to }essen the opposition 
of the Roman Catholic Church to other methods of birth 
control, it is almost certain to be followed by a stream of Irish 
candidates for family planning, and to be followed also by a 
reduction in the nurober of miscarriages in this group. It is 
impossible to estimate from our data the number of procuted 
abortions-aJthough we asked the question, we were iti.formed 
of none-but it is our firm impression that the nurober ofthese 
also would diminish. 

Apart possibly from the good Catholics of the Irish group, 
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who observed the teachings of their Church in the practise of 
birth control, our findings parallel those of · Berelson and 
Freedman 1 in Tai-wan, ". . . that these women as a group 
wanted to have a moderate number of children, were having 
more children than they wanted, approved of the idea of family 
Iimitation ... " The preferred family size for married women 
of the city of Taichung they found to be four-the same as that 
of our Irish group. 

Berelson and Freedman went on to assess several different 
methods of ' putting over ' a family planning programme to 
the eligible population of the city, and in some respects the 

TABLE IV 

FAMILY PLANNING 

Ideal Not 
space wanting 

Ideal between more Knowledge Users oft 
size of children children * ofF.P. F.P. 
family (years) per cent per cent per cent 

English 3·1 2·8 24·7 93·2 57·4 
Irish 3·9 2·5 34·8 95·7 48·5 
West Indian 3·2 2·8 42·3 86·5 46·7 
Indian/Pakistani 3·3 3·0 45·5 67·1 64·9 

* Ofthose mothers < 45 years old. t Ofthose with knowledge ofF.P. 

results we are obtaining from the extension of our inquiry 
may be comparable with theirs. We are contrasting, however, 
the relative acceptability of oral contraceptive tablets and intra
uterine devices. Advice, examination and all services (includ
ing the supply of contraceptives) are without charge. In 
exchange we ask for the help and co-operation of each woman 
-and, whenever possible, of men too-in supplying us with 
information relevant to the investigation. We endeavour 
to maintain the groups as near equality in size as is feasible. 
We cannot expect to fulfil the requirements of a properly
designed clinical trial in a survey of this kind; but we hope 
to compensate for some of the uncontrolled variation by 
transferring as many women as possible from one method to 
the other after an interval of from six to twelve months. To 
keep the records as complete and up-to-date as possible our 
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social worker follows up each family by regular visiting. 
Repeat visits to the clinic are welcomed, and there are also 
domiciliary visits by midwife, doctor or health visitor. 

Because no charge is made for the contraceptives them
selves-nor indeed for any clinical service-we have virtually 
eliminated the cost differential between pill and intra-uterine 
device, which seems to account in large measure for the 
preference for devices to pills among the women of Taichung. 
Our aim is certainly to present each method without bias, and 
in fact to ask that each be tried in succession. Several regimens 
are available for the pill, which, within wide Iimits, are open 
to free choice. We are also using several different designs of 
intra-uterine device, to determine the extent of variation in 
their use and acceptance. 

When first invited to participate in this Symposium, I 
had hoped to be able to present some of our early experience 
with the experimental study of relative acceptability. In the 
event this proved to be impossible because of the delay in the 
start of the trial. Consequently I have been able to describe 
here only the foundations and groundwork of the investigation, 
and must leave to a later date any attempt to assess its results. 
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FER TILITY CONTROL 
FOR PROBLEM PARENTS: 

A FIVE-YEAR EXPERIMENT 
IN NEWCASTLE UPON TYNE 

MARY PEBERDY 
Infirtility Clinic, General Hospital, Newcastle upon Tyne 

THIS survey into the use of contraception amongst problern 
families, conducted in Newcastle upon Tyne, was prompted by 
the observation that the normal birth control services available 
to the public are infrequently utilized by that section of the 
community which would appear to have the greatest need for 
them. Parents of large families in the lowest income groups 
rarely arrive at ordinary family planning clinics of their own 
volition, and even after attendance are unlikely to continue 
to make use of the service offered to them. lt must be re
membered that contraceptive advice is not part ofthe National 
Health Service and patients usually have to pay, at least for 
their supplies or, alternatively, to plead poverty. 

In January 1959 a pilot scheme was opened for the con
traceptive care of such families. It aimed to study the relative 
acceptability and efficiency of contraceptive methods in this 
particular group of our society. 

Family doctors, hospital specialists, health visitors and 
social workers were invited to refer those patients who had 
medico-social problems, and who were willing to be given aid 
in contraceptive methods, but who were nevertheless unlikely 
to benefit from the usual facilities. The criteria of eligibility 
were twofold: first, that the husband be in semi-skilled or 
in labouring work, or unemployed, and second, that his wife 
had had at least four pregnancies in the preceding eight years; 
150 couples were accepted. 

SOCIAL CHARACTERISTICS 

The average age of the husband was thirty-four years; 
that of the wife thirty years. The average number of preg
nancies for married life was 6 ·3. Chronic physical illness was 

191 
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present in 40 per cent of the women, and in 31 per cent of the 
men. Mental illness or marked mental instability was present 
at the rate of23 per cent for both sexes. Alcohol was consumed 
regularly by 48 per cent, usually to excess. 

The marriage relationship appeared stable in 56 per cent, 
somewhat unstable in 16 per cent and grossly unstable in 
28 per cent. Coitus interruptus had almost invariably been 
the only method of contraception practised during their 
married lives. 

The majority of the men came from casual labouring 
workers. There was a high rate of unemployment which 
appeared to increase during the five years of the survey. 

TABLE I 

Average age ofwife: 30 years 
Average age of husband: 34 years 

Averagenumber ofpregnancies: 6·3 

Physical illness-women: 40 per cent 
Physical illness-men: 31 per cent 

Mental instability-women: 23 per cent 
Mental instability-men: 23 per cent 
Alcohol: 48 per cent 

Marriage stability: 
Stahle, 56 per cent 
Moderately stable, 16 per cent 
Unstable, 28 per cent 

National Assistance, 80 per cent 

Over 80 per cent received National Assistance either just 
before the survey or during the five years under review. The 
housing Standards were very varied. A quarter of the families 
were re-housed during the survey. The Standard ofhome care 
in many instances was bad in spite of reasonable housing. 
Many of the families were weil known to the various social 
and welfare agencies in the city. Children in care and court 
attendances were common occurrences. 

ADMINISTRATION 

A weekly clinic session was opened in a maternity and child 
welfare centre in the poorest area of the city. Patients were 
encouraged to attend this, but their failure to arrive was 
invariably followed up by a visit to the patient's home. Initi
ally, one-third were first seen at the clinic but two-thirds 
requested a visit at home in the first instance. Only about 
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one-sixth of the patients could reasonably be relied upon to 
attend the clinic for examination and supplies. It is therefore 
true to say that the greater part of the clinical work was under
taken in the patient's own home. 

The work was conducted by a team working for one or two 
sessions per week. As the doctor, I was assisted by a nurse 
skilled in family planning methods, two qualified social workers 
(a man and a woman), and a secretary. 

Wherever possible, both partners of the marriage were 
interviewed and their attitude to the sexual side of their 
marriage-with particular reference to contraception
assessed. All the wives were seen by the doctor and the woman 
social worker, but rather less than two-thirds of the husbands 
agreed to discuss such matters with our male social worker. 

Following the preliminary interview with the wife, who 
was without exception the first partner to be seen, contraceptive 
methods were offered. Throughout, we endeavoured to Iet 
the patient have as much freedom of choice as possible. Except 
where oral contraception was medically contraindicated, 
patients were allowed to tranr.fer from one method to another 
at their own wish. No charge was ever made for services or 
supplies. Where necessary, free transport to and from the clinic 
was also given. 

METHODS OF CONTRACEPTION 

During 1959 and 1960 the sheath, and cap with cream 
methods were those generally offered. Oral contraception 
only became available inJanuary 1961 and was in use for the 
latter three years. 

Sheaths in the form of disposable condoms were offered 
to all couples. Just over half accepted and used them at 
some time during the survey. They were given liberally at 
monthly intervals and, to couples established on this method, 
distributed by post. 

The cap with cream method was also offered to all the 
150 women. Two-thirds accepted the fitting ofa cap; eighty
three either came or were brought to the clinic for this; four
teen were fitted at home. Spermicidal cream was taken to 
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the patient at regular intervals, and, as with the sheaths, 
liberal supplies were given to ensure that failure did not 
occur by the patient running short of the necessary supplies. 

Oral contraception was accepted by just under half of 
the patients. Twenty-five patients had already withdrawn 
froin the survey before it became available and fifty-five 
patients were already established on the other methods and 
did not wish to change. It was prescribed following a pelvic 
examination with a routine cervical smear. This was usually 
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FIGURE 1. Contraceptive methods used in survey. 

done at the clinic but occasionally where it was found im
possible to persuade the patient to attend, it was done in her 
own home. The courses of pills were given to the patient at 
the clinic or taken to her by the doctor or nurse. In many 
patients this meant monthly visits and, in particularly irres
ponsible women, even weekly visits. To begin with, oral 
contraception was offered only to patients who had previously 
failed on either of the conventional methods during the survey, 
but as we proceeded it was offered as an alternative method 
to all patients remaining on the survey. 

Figure 1 shows the number of patients using the various 



ASPECTS OF FERTILITY CONTROL 195 

methods as the survey progressed. New couples were accepted 
during the first two years. It is noticeable, however, that at 
the end of two years t:he number of patients using the cap is 
beginning to decrease, while · the number using the sheath 
is on the increase. The rapid acceptability of the oral method 
during the first eighteen months of its use is also to be noted. 

RESULTS 

The rate of conception in the years of marriage up to the 
time of entering the survey was estimated at 130·2 per 100 

TABLE II 

PREGNANCY RATE PER 100 WoMAN YEARS 

Prior to survey 
During survey 

130·2 
23·7 

FAILURE RATE PER 100 WoMAN YEARS 

Cap 
Sheath 
Oral 

39·3 
27·7 
9·0 

woman years of exposure. Y ears of exposure were calculated 
by assessing the years of married life and deducting ten months 
for each full-time pregnancy and four months for each mis
carriage. 

During the five years of the survey the conception rate 
dropped to 23 · 7 per 100 wo man years of exposure, so that we 
can reasonab1y assume that by providing this service the 
number of pregnancies to these familes was reduced to one-fifth 
of what might have been expected. 

Failures of contraceptive methods can be divided into two 
categories: firstly, method Jailures, where conception occurs 
even though the method has been used at every coitus; 
secondly, patient failures where the patient fails to use the 
method on one or more occasions in the cycle, even though 
this prescribed method has not been abandoned by the couple 
as their birth control method. 

We found that the number of method failures was so 
small as to be discounted and therefore the failure rates are 
in great part also a measure of acceptibility. 
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The strikingly low failure rate of the oral method as com
pared with the mechanical methods is significant. There 
is little doubt from our observations that many patients very 
frequently failed to adhere to regular tablet-taking, but unless 
this occurred for sustained periods it did not result in pregnancy. 
All the failures on this method in this survey were due to 
omissions of tablet-taking in excess of a week. 

Pregnancies occurring while either the cap or sheath were 
in current use could often be related to an omission to use on a 
single intercourse. 

It is well known that the oral method has a method failure 
of almost nil and from our observations in this particular group 
it also has a low patient failure. Seven patients, however, 
withdrew from this method on account of side effects, a few 
of which were entirely physical-although some could be 
attributed to adverse publicity at the time. 

Although on the number of woman-months available, the 
difference between the cap method and the sheath method is 
not statistically significant, the difference between the failure 
rates, 39 ·3 for cap and 27 · 7 for sheath, is strongly suggestive 
that of these two methods the sheath is a more acceptable 
and hence a safer method in this dass of our society. 

Although the survey was exclusively conducted on social 
grades IV and V, during its progresseachindividual was given 
a personal grading of A, B or C. This in the male was based 
on work record and the degree to which he undertook his social 
and domestic responsibilities. In the woman it was estimated 
on her level of home and child care. 

A correlation was calculated to determine the relationship 
between the failure rate and the combined social grading of 
the couple. There was found to be a statistically significant 
relationship between social grading and failure rate, a low 
social grading being associated with a high failure rate. The 
correlation coefficient was 0·27. It was also found that when 
the failure rate of each contraceptive method was rated against 
the social grading of the partner responsible for that method
in the case of the oral and the cap methods the woman, and 
in the case of of the sheath, the man-an even closer relation
ship was found to exist, that is 0 ·40. 
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This would suggest that in prescribing contraceptive 
methods for couples in grades IV and . V it is important to 
take into consideration the separate degree of responsibility 
of each partner. 

TABLE 111 

}50 PATIENTS AT END OF SURVEY 

Hysterectomy 
Tubal tie 
Sheath 
Cap 
Oral 

11 
18 
26 

9 
41 

Moved out of area 3 
Lost contact 14 
I>eceased 2 
Separated 13 
Pregnantfpuerperal or awaiting 

further advice 12 
IUCI>. I 

TOTAL 

CONCLUSION 

105 

45 

150 

At the end ofthe five years, out ofthe 150 couples, seventy
six were satisfactorily established on contraceptive methods, 
forty-one on oral, twenty-six on sheaths and nine on the cap. 

Eighteen had been sterilized by tubal tie. With the excep
tion of two cases this was performed immediately following 
confinement, the pregnancy occurring as a result of a failure 
of contraception on the survey. 

Eleven were sterilized by hysterectomy, performed for 
gynaecological reasons. It is of interest that seven of these 
were undertaken for confirmed or strongly suspected malig
nancy revealed as a result of the cervical smears, which were 
interpreted on 108 of the women. The incidence of this 
condition is approximately ten times greater than one would 
expect to find in the population at large. It is weil known 
that carcinoma of the cervix has a high incidence amongst 
parous women of these lower social grades. 
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Three couples moved away from the area. Fourteen 
couples for various reasons were lost or lapsed in contact. 
Two patients died during the five years. Thirteen couples 
permanently separated. Twelve cases at the end of the survey 
were either pregnant, puerperal or awaiting further action. 
In one case an intra-uterine device had been inserted. 

Since the survey ended last December the seventy-six 
patients established on contraceptive methods have been taken 
into the care of the Newcastle upon Tyne Family Planning 
Association, aided financially by the local authority. These 
patients continue to have free supplies and harne visiting when 
necessary. 

Since then the polythene coil has been accepted as an intra
uterine contraceptive device. Same of the patients referred 
to in this survey have already been transferred to this method. 
It is as yet too early to draw any conclusions, but it would 
seem that a form of contraception which would induce tem
porary sterility free from patient responsibility would have 
considerable potentialities in the case of highly fertile warnen 
in this section ofthe community. 



THE ACCEPTANCE 
BY PROBLEM PARENTS IN SOUTRAMPTON 

OF A DOMICILIARY 
BIRTH CONTROL SERVICE 

DoROTHY MoRGAN 
Centrat Health Clinic, Southampton 

TO-DA Y in our affiuent society the existence of ' problern 
parents' is much moreevident that in previous generations. 

A proportion of the population of our towns and cities 
have failed to adapt themselves to the social and moral estab
lishment, and have become an increasing burden and responsi
bility to the Statutory and Local Authorities. 

These so-called ' problern parents ' were in need of adefinite 
form ofhelp, and one oftheir biggest problemswas family Iimit
ation. These familics are such that regular attendance at a 
Family Planning Clinic was beyond their capabilities, and the 
answer was to provide a Domiciliary Birth Control Service. 
With this aim I applied for, and receivcd, a generous grant from 
the funds of the Marie Stopes Memorial Foundation. With 
the co-operation of the Medical Officer of Health, the welfare 
workers, social workers and gerteral · practitioners of South
ampton wcre informed that the Service was available, and our 
work started in June 1961, with a team consisting of a nurse, 
secretary, two male social workers and myself. 

At the prescnt time (August 1964) we have 150 families 
who have accepted some form ofbirth control. 

ACCEPTANCE OF A DOMICILIARY SERVICE 

All these families live either in Rehabilitation Centres 
(flats where families are sent following eviction from Council 
or private property) or in sub-standard accommodation, 
mainly blocks of tenement flats, and on my first visit their 
reception of me was cool. These families are by their very 
nature ' anti-officialdom ', and the stranger is suspect, whether 
male or female, for she may be the rent collector, debt collector 
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or some official asking awkward questions such as why Mr A. 
has failed to go to work or report to the Labour Exchange; 
or why Mrs A. has failed to keep a hospital or clinic appoint
ment. 

Having gained a foot in the door one is still suspect; for 
these homes in the vast majority of cases are untidy and ill
kept, and the children inadequately clothed and shod; and 
care has tobe taken not to project on to them the anxieties one 
has for them, and in particular for their children-this I found 
most difficult during the severe winter of 1963, when the 
sparseness of their homes seemed so much worse. If one is 
accepted, this acceptance is complete and to some extent 
reciprocal---one is not surprised when asked, for example, 
" How many flick-knives does your boy possess? " 

These families live on their doorsteps and their bush tele
graph is second to none, so once you have been accepted in 
one home entry into the adjoining homes is easier. 

BIRTH CONTROL 

The main discussion on birth control is reserved for the 
joint interview with the couple-this is to try and increase 
the rapport with the patient, to see the family as a whole, and 
to exclude birth control as a cause of marital disharmony; 
for it is not surprising that in these families, many of whom are 
co-habiting, there is often friction between the two partners, 
and the joint interview often helps to sort out sexual problems. 
Should the husband be awaiting discharge from prison, his 
written consent is obtained before giving his wife birth control 
advice. Where the man decides to use the contraceptives the 
subsequent visits are undertaken by the male social workers. 

The oral contraceptive has been available to these families 
since January 1963, and sixty-eight patients are now on the 
'Pill ', which is by far the most acceptable form ofbirth control 
because it calls for the least effort. 

For the first eighteen months of the Service only the 
mechanical forms of contraception could be offered, and the 
occlusive cap with contraceptive cream was preferred to the 
::;heaths. I am afraid the psychologists among you will shudder 
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when I tell you that I taught my patients of very low intelli
gens::e-some registered mental defectives-to use the cap just 
as you would teach a child to brush his teeth; in fact you can 
say that something has been achieved when these families 
have accepted the habit of using birth control. 

This in itself is not sufficient. I firmly believe that to teach 
these families birth control per se is not enough, but that the 
rapport between doctor and patient must be such that you give 
the patients a confidence in their capabilities, however limited, 
which they have lost. My dream isthat this could be used as 
a boost to improve the living conditions of themselves and of 

TABLE I 

CONTRACEPTIVE METHODS BEING USED AUGUST ]964 
]50 F AMILIES 

Male contraceptives 
Caps and Cream 
Pill 
Sterilized 

17 
31 
68 

3 

Left area 
Separated or divorced 
Pregnant 
Discontinued method 

]] 

6 
6 
8 

their children, and the service we give be a corner stone in the 
rehabilitation of these families. 

What do these figures mean? Of the 150 families, 116, 
i.e. 76 per cent, are using birth control at the present time. 
What of the other 24 per cent? Six patients, i.e. 4 per cent, 
are pregnant, or query pregnant; this is a high figure for any 
clinic, but perhaps some allowance will be made when I 
tell you that the reason for one of these six being pregnant is 
because her kleptomaniac aunt helped herself to my patient's 
contraceptive! 

Compared with figures from Family Planning Clinics, the 
fecundity rates of these patients is high-sexual intercourse 
four to five times per week, and in some cases this is due in 
part at least to their insecurity. Not one of my ' problern 
fathers' is in a skilled occupation; all work, when employed, 
as casual or unskilled labourers, and I am sure that many, 
because of their mental limitations, are the butt of their work
mates-tales are heard of them being sent to buy glass nails 
and rubber hammers. 

The mothers, too, are often being reminded of their 
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inadequacies; so it is hardly surprising that they frequently 
participate in an act at which they do not feel inadequate. 

Further, the urge to procreate is strong in all mankind and 
where no economic or social considerations deter, this force is 
proportiona tely greater. 

Eleven families have left the area-the nomadic instinct 
is noticeable in these families; they move about, believing 
that the distant fields are greener, and to keep track of them is 
often impossible. This is not without its tragic side; for 
example, one family referred to me last year had six children 
either left with relatives, or in care with Local Authorities 
from Tyneside to Portsmouth. 

Eight patients have discontinued any method of birth 
control; here we can only say that the service has not been 
accepted. 

ACCEPTANCE BY LOCAL AUTHORITY 

As from April 1964 this Service has been taken over and we 
are now completely financed by the Southampton Local 
Authority. Table li shows some of the results, which I believe 
persuaded the Finance and General Purposes Committee to 
take this step and be the first Local Authority in the country 
to accept this responsibility. 

What has been achieved in three years? Unfortunately I 
cannot speak ofspectacular rehabilitation, but in many homes I 
can see some improvement, the most obvious being the begin
nings of pride taken in the home-wallpaper is replacing 
peeling distemper and chipped paint. 

Tuberculosis, malnutrition and a high infant mortality rate 
no Ionger act as the population control factors of previous 
generations. Something must replace them, particularly in 
those families who, due to their own ineptitude, are less able 
to help themselves. 

The domiciliary birth control service has been accepted 
by the far-sighted Local Authority of Southampton because of 
its benefit to the ratepayers financially, and its benefit in 
solving some of the problems of the ' problern parents ' not 
only for our decade, but, we hope, for decades to come. 
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TABLE II 

ESTIMATED SAVING TO NATIONAL REVENUE 

June 1959 to June 1961 
June 1961 toJune 1963 

Fewer babies born during 
dorniciliary service 

Matn-nity Services 
Maternity grant per baby, ;[16 0 0; hence 

BABIES BoRN 

142 
32 

110 

Estirnated saving on 110 babies not born, ;[1760, per annurn 
Horne confinernent additional benefit, ;[6 

Assurning 50 per cent would have horne confinernent, 
Estirnated additional saving, ;[330, per annurn 

Child Allowances 
As 110 families would have been eligible for the farnily 

allowance of I Os. per week, hence 

203 

;[ s. d. 

880 0 0 

165 0 0 

Estirnated saving, per annurn 1430 0 0 

Children' s Department 
One child in five frorn farnilies in the Service was taken into care 

before or during the Service. 
Cost per child per week in older age group: 

Reception Centre 
Children's Horne 
Foster Hornes 

Weighted average cost per child per rnonth, ;[21 0 0 
Estirnated cost for 22 children per rnonth, in each year 

Estirnated total saving on 110 children not born 
during dorniciliary service 

DISCUSSION 

;[13 13 0 
8 5 0 
2 10 0 

462 0 0 

;[2937 0 0 

;[5874 0 0 

Replying to a question as to whether there had been 
religious or other opposition to the domiciliary birth control 
service, Dr MoRGAN said she would teil a little story: 

" I met the prison padre at Winchester quite early on in 
the scheme and he said ' Weil, you know there are so many 
of your dads with me at the moment that I think you ought 
to come and talk to them.' So I was invited to go and speak 
to the men in Winchester Prison as part of a rehabilitation 
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course for prisoners before discharge. The morning I was due 
to speak the Roman Catholic padre happened to Iook at the 
speaker for the evening and asked, 'Isn't that the family 
planning doctor? ' and everybody said yes. He said, ' Weil, 
I'm quite willing for her to come here and speak, but I put 
her on her honour not to speak on birth control '; which reaily 
took the ground from under my feet. The padre said, ' Will 
you still come, and what do we do? ' I said, ' I think you 
must teil the men, because he has put me on my honour and 
if I am asked a question, I am going to be sorely tried not to 
do a little propaganda '. So it was agreed that they were not 
to ask me any questions on birth control. At the end of the 
meeting, as the prisoners were filing out, the padre said, ' It 
would be very nice, if you do not mind, shaking hands with 
them.' I of course agreed and shook hands with the first 
three; and then one prisoner made a gesture with his thumb, 
and I was absolutely terrified; soon it was happening about 
every fifth or sixth man. I thought it was some sort offrightful 
sign that when they got out they were going to beat me up! 
As soon as the last prisoner had gone I turned to the padre and 
said, ' What on earth have I done for them to do this to me? ' 
He said, 'Not at ail, those are ail your problern fathers you 
fitted up with birth control; I told them they were not to say 
anything, so they decided they'd give you the sign.' 

I cannot reaily say I have had any religious opposition.'' 



THE FUTURE OF FERTILITY CONTROL 

A. S. PARKES 
Physiological Laboratory, Garnbridge 

MY THEME is the future of fertility control. On the purely 
technical side this would take us very quickly into the realms 
of science fiction, and I want to attack the subject in a more 
general way. I want to try to answer two questions: (a) 
Will fertility control be necessary in future? (b) Will it be 
generally acceptable? 

I. WILL FERTILITY CONTROL BE NECESSARY? 

The limiting factors of nature 

In nature, the first job of a species is to survive and to this 
end reproductive capacity is such that any animal able to 
multiply without hindrance to the Iimit of its potential would 
soon swamp every part of the world in which it could live. 
In practice, of course, this does not happen. All species are 
kept in check by limiting factors, of which the critical ones are 
food supply, disease and enemies. Thisprincipleapplies equally 
to the comparatively slow breeding mammals and to man him
self; in human terms, the limiting factors are famine, pestilence 
and war, the traditional scourges of man. The rigour of these 
limiting factors needs no emphasis; there is no doubt that 
during the vastly greater part of human history a high birth 
rate was almost neutralizcd by a high death rate, so that 
increase in numbers was very slow. 

The population explosion and its causes 

The situation now is very different, as described in Dr 
Gille's paper. I will mention only one statistic, that in the 
last thirty years as many people have been added to the human 
race as were to be found after the first 2000 centuries or so of 
man's existence in 1830. We are indeed in the early stages 
of a population explosion, which is likely to double the numbers 

20S 
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of human beings to between 6000 and 7000 million by the 
end of the century, a mere thirty-five years away. 

This unprecedented growth of population raises two very 
important questions: (a) What happened in the last hundred 
years tobring it about? (b) What is going to happen now? 

First, taking the world as a whole, the enormous increase 
in population is not due to increased overt fertility-it has 
been caused very largely by advances in the medical and 
related sciences, which have resulted in a comparatively 
sudden and dramatic fall in the death rate in areas where the 
birth rate remains high. In such circumstances there are 
many more young people than old people to receive the bene
fits of medical science; the immediate consequence is a tre
mendous excess of young people. We heard about this also 
from Dr Gille, and it remains for me only to emphasize again 
the tremendous reproductive potential arising from an age 
distribution of this kind. 

What next? 

In nature, the relaxation of one limiting factor allows a 
population to increase until it bumps up against the same factor 
again, perhaps in a modified form, or against one of the other 
two. In the case of man, medical science has greatly relaxed 
the limiting factor of infective disease, and under natural 
conditions the present population explosion would be halted 
by the reappearance of control by disease (using the word in 
its widest sense), by famine or by war. It remains for man to 
break the grip of these harsh limiting factors of nature. How 
is this to be done? 

It has often been said that it should be possible to increase 
food supplies and other resources as fast as the population 
increases. Let us examine this thesis. The present rate of 
increase in world population is about 2 per cent per annum. 
This does not sound very alarming, but it is fatally easy to 
overlook the explosive force of geometric progression. Accord
ing to a recent report by the U.S. National Academy ofSciences, 
if this rate of 2 per cent had existed throughout the Christian 
era--covering possibly one-hundredth of human history
the increase in population would have been 7 x 1016, giving 



ASPECTS OF FERTILITY CONTROL 207 

20 million people in place of each one now alive, or 100 people 
per square foot of the earth's surface. The Academy report 
goes on to extrapolate into the future: 

If the present world population should continue to increase at its 
present rate of 2 per cent per annum then within two centuries there will 
be more than 150 billion people. 

That is 50 times as many people as we have to-day, to be fed, 
housed, educated, exercised, transported and given the 
amenities oflife, and all this in a habitat which in many places 
is already being destroyed by man's activities. The American 
report concludes: 

There can be no doubt concerning the long-term prognosis. Either the 
birth-rate of the world must come down or the death-rate must go back up. 

This quotation shows the futility of arguments based on the 
indefinite increase of resources. Even if technically possible 
to produce, adequate resources would be little consolation 
to people for whom there was not even standing room. 

Pathological togetherness and the peck order 

Nor it seems would adequate resources stave off the 
biological effects of overcrowding. I said a few minutes ago 
that I was using the word ' disease ' in its wirlest sense. And 
here I want to quote from a recent paper by Hudson Hoagland 
on The Cybernetics of Population Control, in which he speaks about 
the rabbits of Minnesota as follows: 

These populations rise and fall through cycles of several years' duration. 
There is a build-up followed by a dying-off. Why do these marked oscil
lations in numbers ofrabbits occur? It was observed that when the animals 
died off there was usually plenty of food-they didn't starve. There was 
no evidence of an excessive number of predators. Furthermore, the bodies 
showed no sign of any specific epidemic that killed them. 

Here then is a new aspect of population control by disease
the pathology of overpopulation, of which the symptoms are 
highly suggestive of the stress syndrome characterized by 
hyperactivity of the pituitary-adrenal axis. And here we run 
into another important biological principle-the peck order. 
If half a dozen hens are put into a pen they will soon sort 
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themselves into a social hierarchy-the peck order-in which 
No. 1 hen pecks all of the other five, No. 2 pecks Nos. 3-6, but 
is, herself~ pecked by No. 1 and so on to No. 6 who is pecked 
by all the others and herself pecks no one. This phenomenon 
ofthe peck order, in various forms, is ofcourse seen abundantly 
in mamma1s and in man himself. The estab1ishment and 
maintenance of the peck order is necessari1y a stressfu1 process, 
the extent of the stress depending on the frequency of dis
turbance in the hierarchy-always a painful process. In such 
disturbance the density of the animals is a major factor because 
increase of density means increased social contact and hence 
increased competition. 

Haagland cites many examples of the rise and fall of 
natural populations where the fall cannot be attributed to 
Iack offood, enemies or infective disease. Iwantin particular, 
however, to quote from his account of experiments by Calhoun 
in which rats were kept at merely double the density compatib1e 
with a healthy population. 

The females that lived in the densely populated pens became pro
gressively less adapted to building adequate nests, and eventually stopped 
building them at all. 

Among the sub-dominant males there was much abnormal behaviour. 
For instance, there was a group of homosexuals. They were really pan
sexual animals, and apparently could not discriminate between sex partners. 

Another type of males emerged in the crowded pens. This was essen
tially a very passive type that moved a good deallike a somnambulist. 

They appeared to be healthy, attractive and sleek but were simply 
zombies in their conduct as far as the other rats were concemed, never 
engaging in fights or showing sexual interest in the other animals. 

Most pathetic of all, he records that the subordinate males, 
in order to be able to eat and drink in peace, had to adopt 
the habit of early rising. 

Unmaternal mothers, pan-sexuals, somnambulists, zombies 
and early risers-the horrors of overcrowdingl 

So much, and you may say quite enough, for the pathology 
of over-population. For those who dislike the expression, I 
would recommend the one coined by Calhoun ' pathological 
togetherness '. 

The idea that resources might be increased indefinitely, 
in keeping with population growth, is thus both unreal and 
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unhelpful. What then remains? There is no evidence known 
to me that, whatever may have been happening to demographic 
fertility, the biological fertility ofthe human race is decreasing. 

The human and humane factor 
Some positive human limiting factor is therefore necessary 

if we are to avoid the harsh limiting factors of nature. This 
fourth, human and humane, factor can only be the possession 
of the will and the means for the conscious control of human 
fertility. The fact is that medical science has put the human 
race in a position where man's urge to mate can be reconciled 
with the bearing capacity of our planet only by conscious 
limitation of the results of mating. Surely, few would wish to 
achieve this aim by abortion, infanticide or an increase in 
child mortality. 

There remains the control of conception, about which we 
have heard much in the last few years, and about which I 
do not propose to say more than a word about the latest 
manifestation in this field. I refer to the so-called IUCD, 
intra-uterine contraceptive device, a modern version of the 
old and cumbersome Gräfenberg ring. The appearance of 
this device has depended not on increase of biological or 
medical knowledge, but simply on the development of plastics 
technology. The advantages of this method of preventing 
conception are obvious and for the immediate future it may 
well be the answer to population control in less sophisticated 
countries. Unfortunately, efforts are being made to discredit 
the device on the grounds that it is abortifacient. This is 
surely wrong. It is true that it possibly interferes with 
implantation rather than fertilization, but this is not abortion. 
I have repeatedly stated my view as a biologist that conception 
means implantation of the fertilized egg, not fertilization 
itself; and you cannot cause abortion before conception has 
taken place. Biologically, therefore, the IUCD is not an 
abortifacient; it is a legitimate contraceptive device. On a 
more philosophical plane, with the use of the IUCD it is not 
known in any particular cycle whether an egg has been 
fertilized or not, because the menstrual rhythm is not disturbed, 
and I do not think you can abort a hypothetical embryo. 
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I have stressed this matter because theiUCD has emphasized 
the need for clear and accepted definitions of conception 
and of abortion, a need which has been evident for a long 
time, but which is now most urgent. Every effort should be 
made to prevent the abortifacient smear from bindering 
development of the IUCDs, and I am prepared to argue the 
point with biologists, bureaucrats, bishops or any others 
who wish to take issue on the matter. 

II. WILL FERTILITY CONTROL BE GENERALLY 

ACCEPTABLE? 

Motivation 

Wehave seen that there will be an urgent and continuing 
need for fertility control and we know that methods are 
already effective and will certainly be greatly improved. There 
remains the problern of motivation. And here we must con
sider two quite different aspects of the problem, motivation 
towards family planning and motivation towards population 
control. Family planning implies the Iimitation of the number 
of children and spacing of births in the best interests of mother 
and child and the rest of the family. Motivation towards 
this ideal is now spreading widely, but its progress has been 
obstructed to an extraordinary extent by ignorance, taboo 
and dogma. 

Fortunately, things are now changing very rapidly. Ignor
ance can hardly survive indefinitely the impact of modern 
methods of mass communication, education must surely put 
taboo in its proper ethnological setting, and whatever may be 
happening in theory, Catholic dogma on birth control is 
crumbling in practice. A young woman, a devout Catholic, 
married to a doctor working in one of the poorer parts of 
London wrote to me recently saying " as a result of what my 
busband sees here, I can no Ionger accept the Church's 
teaching on birth control ". A formula to reconcile Catholic 
doctrine with the circumstances of the modern world cannot 
be far off. In the meantime, the vast majority of the human 
race, which holds different views, should refuse, and in fact is 
refusing, to be intimidated by a small minority which in any 
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case will have to change its mind sooner or later. There are 
also significant stirrings within the World Health Organization, 
which recent1y published the report of a scientific group con
vened to advise the Organization on the present state and future 
needs of the study of human reproduction. 

Family size and population growth 

Family planning, then, is weil on the way, but good family 
planning must often be compatible with a family size of four 
or even more. How does this fit in with population control, 
which I take to mean limiting the rate of population growth 
to an acceptable Ievel? First, what would such a Ievel be? 
We have seen that an annual increase of 2 per cent cannot 
be maintained indefinitely. Let us say, for the sake of argu
ment, that a rate of increase of 0 ·5 per cent per annum would 
be acceptable. What average size of family would this rate 
of growth imply? And here I reproduce a table, from a recent 
issue of The Eugenics Review (55, 250). 

AVERAGENUMBER OF CHILOREN 

PER MARRIED COUPLE IN 

COMPLETED FAMILY 

2 
2! 
3 
3! 
4 

RATE OF GROWTH OF 

PoPULATION 

Per cent per annum 

i 
ll 
21 
3 

There is here an acute problern of social, as opposed to 
personal, motivation. Will people want to Iimit their families 
to a size which in the light of current social and medical 
trends is compatible with an acceptable rate of population 
growth-that is, according to these figures, to an average family 
size ofless than 2 p 

The right to reproduce 

This raises in acute form the question posed by A. V. Hili 
in his Presidential address to the British Association in 1952, 
the question of whether the rights of man, about which much 
is heard, can under modern conditions be held to include the 
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right to unlimited reproduction. Under present and foreseeable 
future conditions the answer must obviously be "no "; but 
thc task ofpersuading people, even in the West, that the aver
age size of family should be nearer two than three is not going 
to be easy. Evolution has endowed man not only with an 
urge to mate, but also with a parental urge at a level appro
priate to a low survival rate. Medical science has altered 
thc one, but not thc other. Our present dilemma is indeed a 
striking example of the effects of unilaterally interfering with 
nature. What must be clone to redress the balance? We 
cannot put back the clock of medical progress and we cannot 
copc on the planet Earth with unlimited numbers of people. 
Emigration to other planets is not likely to be a practical 
solution within the visible future. Mass reduction of fertility, 
as for instance, by the medication of a staple food, would be 
possible only under a rigid dictatorship. Possibly economic 
pressures and inducements will have to be employed; they are 
apparently already being used in some parts of the world. 
Certainly, by some means, the parental urge must be further 
diverted from quantity to quality, with all that quality implies. 
I do not pretend to know the answers to these problems, but 
of one thing I am sure-that the acquirement of the means 
and the will to adjust its fertility to the capacity of its environ
ment, and so to avoid the harsh limiting factors of nature, 
will bc a critically important step in the continued evolution 
of the human racc. 



CONCLUSION 
SIR juLIAN HuxLEY 

May I make one or two comments on Professor Parkes's 
paper? I think he might have drawn attention to the fact 
brought out by Sir Alexander Carr-Saunders many years ago 
in his great book on population (you will remernher that Carr
Saunders was trained as a biologist) that, so far as can be dis
covered, all so-called primitive peoples employ some method 
for checking excessive population increase. W e were given 
examples of the influences of stress ; when Charles Elton 
began his notable study of periodic fluctuations in mammals, 
he first thought that the sudden ' crashes ' in population were 
due to a bacterial or viral disease; now they have been shown 
to depend primarily on psycho-physiological stress arising 
from overcrowding. This is of immense importance for man 
too, because in him stress will manifest itself in mental in
stability and all kinds of social and political disturbance. 

Professor Parkes mentioned the absurd idea of providing 
a home for our surplus population on other planets. I was 
lecturing about this in America recently and I brought home 
the difficulty of doing so by explaining that the net surplus 
of human population is the equivalent of eleven basehall 
teams, complete with coach, every minute of every day. That 
is quite a taU order to export to the nearest habitable planet, 
provided there is one! 

I was very glad he mentioned the Report of the National 
Academy of Seiences in America; it seems to me quite admir
able. I hope that the Royal Society here may do some similar 
work applicable to this country, where conditions are very 
different. In any case, we here are already overcrowded. 
Here is a nice statistic: if every man, wo man and child in this 
island were to go to the seaside on the same day, they would 
have just over one linear yard each, which, considering our 
highly indented coastline, is rather surprising. 

Then there was his point about resources and habitat. I 
have come across numerous cases where animals are destroying 
their own habitat owing to man's interference with their 
conditions of existence-for instance the hippos in north
eastern Uganda and the elephants in Tsavo National Park. 

213 
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If man interferes by killing off predators because the farmers 
complain they kill their domestic stock, the wild prey may be 
adversely affected. Thus, when the pumas on the north sid~? 
of the Grand Canyon were exterminated, the deer first of all 
increased enormously, then ate themselves literally out ofhouse 
and home until they were almost extinct. There are cases where 
cats have been introduced to oceanic islands and have simply 
eaten the whole supply of prey, to die out finally themselves. 

This destruction ofnatural and favourable habitats has been 
going on since the dawn of so-called civilization. The whole 
of the northern Mediterranean and the Middle East was once 
heavily afforested. Plato hirnself drew attention to the amount 
of deforestation that had taken place in Greece; he thought 
it was a matter for pride, showing how efficient the Greek 
farmers were, but he would not say so now. Tunisia was once 
the granary ofRome; now it is semi-desert. 

Professor Parkes showed a graph which, if population 
increase continued at its present rate, would go into the room 
over our heads. Weil, according to certain religions a 
very large nurober of people will go prematurely into the 
celestial room above this earth if we go on exploding at this 
rate. However, perhaps a new Catholic doctrine is emerging, 
founded on a new Rock! 

I just want to add another point to my comments on Pro
fessor Parkes's paper. I was very glad that he drew the 
distinction between family planning and population control, 
the one being essentially individual with slight social reper
cussions locally, the other being essentially national and, I 
hope, soon a matter of national policy. A questioner has 
suggested that not sufficient emphasis has been given to the 
part played by war in controlling populations; quantitatively 
'Yar has made very little difference. I remernher a remarkable 
graph that Raymond Pearl produced after the First World 
War: it showed the steady increase of world population 
up to 1914; then there was a four-year dent; then it went 
up again and resumed its old course on the same old curve. 

I entirely agree with the participant who urges a mass 
handout of contraceptives along with food. I Iook forward
goingfora momentoutside the biological aspects, but everything 



ASPECTS OF FERTILITY CONTROL 215 

ties up-within five or at the most ten years to a total remodel
ling of all our so-called aid and assistance, whether unilateral, 
bilateral, regional or international, to underdeveloped countries. 
I believe that we shall come to the conclusion that 
what we are all engaged on is a co-operative attempt at 
world development and that when, for instance, a country 
asks for aid it will be scrutinized for what I yesterday called 
'demographic credit-worthiness ', and that this will be taken into 
account. Then, if it is decided that a particular aid which 
is asked for-food, shall we say, or help in building industrial 
plant-is in the long run actually going to do harm demo
graphically and socially, the aid given will make it a condition 
that the receiving country shall accept part of the aid in the 
form of advice and medical help in a policy of population 
control. Everything has got to be integrated. At the moment 
it is completely chaotic. We have not got an international 
ecology going; that is our nextjob. 

To the questioner who deplores the discrediting of IUCDs 
as so-called abortifacients and wants to make the word ' abor
tion ' respectable by legal reform, I would say that certainly 
we must reform the abortion law, which is at the moment 
absolutely monstrous; but it will be very difficult to take away 
the stigma. This may largely be a semantic matter, but every 
problern in this world has its semantic aspect, and we must 
try to use terms with less provocative semantic connotations. 

As a biologist, I agree with Professor Parkes that you really 
cannot talk of a new conception until after implantation. 
What you have before that is merely a mass of cells which will 
not develop further unless implanted; it is not in any sense a 
proper conception of a human being. 

Professor Meade has told us that in the Freedom from 
Hunger Campaign the undergraduates at Garnbridge have for 
the last two years carried out the policy of collecting money 
both to support projects of economic development and to 
support the Family Planning Association in Hong Kong, 
in spite of great pressure not to include the F.P.A. * This 
is another example of what I was pleading for, the integration 

* I would like to make the further suggestion that Oxfam and the F.P.A. 
should march under a common banner entitled Oxfamplan. 
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of all projects and ideas concerned with the proper develop
ment of the world as a whole. 

Sometimes ideas get wrongly integrated. About ten years 
ago in India, as you all know, the rhythm method was tried as a. 
pilot project, and the women were given necklaces with beads 
for ' baby days ' and ' safe days '; it did not work very well. 
I am told that you can now see ladies who (in spite ofwhat Dr 
Tanner and others have said about the mounting age of the 
menopause) are clearly well beyond it, wearing them as a. 
status symbol, guaranteeing their youth and full femininity! 

Mr Cadbury has told us that in July this year, after a very 
long battle, the Economic and Social Council of the United 
Nations recognized the International Planned Parenthood 
Federation as entitled to consultative status. I have had similar 
difficulties in getting even old-established bodies recognized in 
UNESCO, still more with forming and getting recognition for 
new ones; but each of these acts of official recognition is a step 
forward towards this integrated planning that we need. One 
encouraging factisthat the British MedicalAssociation next year 
is going to hold a plenary session on population. This is the 
firsttime that this highly organized and important professional 
'trade union' has dared to handle this thorny problem. It 
will be an important occasion for this country. 

I think we all agree that these two days have been most rich 
and fruitful. Wehave heard a great many encouraging things. 
The papers about Newcastle and Southampton were truly 
inspiring, showing what can be done by devotion and patience 
backed by knowledge; and we have had Professor Parkes, 
one of the world's great authorities on reproduction, to give us 
a fascinating account of progress and prospects in the subject. 

I think we have all come to the conclusion that the popula.tion 
explosion is part of a great world crisis. lt is a world crisis in 
itself, but it is part of a still greater one where we have suddenly 
realized that our own evolutionary advance (which goes on 
primarily by cultural means) is reaching what may be a point of 
no I'eturn, owing to our abusing theworld's resources and destroy
ing our own habitat. I believe that the realization of this fact 
~s going to ma.r.k the next deca.de, a.nd I am sure that this meet
ing has made an impo:rtant eontribution to tha.t rea.liza.tion. 




