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empirical methods and those based on a priori cal
culations. Mr. C. Schaffer (Copenhagen), for example, 
described the successful use of crystal-field theory in 
explaining the spectra and properties of molecular 
complexes. Yet, as Dr. Lowdin insisted, the model 
does break down when refined too far and the 
empirical values of the parameters do not agree with 
those calculated. The resonance theory is another 
example of a theory which is still useful qualitatively 
and semi-quantitatively despite the fact that some of 
its assumptions are in serious error. The success of 
the simple Hiickel theory, according to Dr. G. G. 
Hall (London), is not due to the accuracy of its 
assumptions but to the mathematical resemblance 
between its equations and those of a more accurate 
theory, and it may be that such resemblances occur 
for other theories. 

The urgent need for more accurate theories and 
concepts appropriate to them was felt several times 
during the meeting. Dr. H. G. Bennewitz and Dr. 
G. Graff (Bonn) underlined it by describing molecular
beam experiments which yield very accurate values 
of many molecular constants. Prof. F. A. Matsen 
(Texas) and Dr. Hall favoured the method of different 
orbitals for different spins as a method more accurate 
than that of molecular orbitals yet as easy to visual
ize. There was also a vigorous discussion on the rival 

merits of natural orbitals and population analysis as 
methods of understanding complicated wave-functions. 

A discussion of the future of quantum chemistry 
provoked some differences of opinion. In the view 
of Prof. Mulliken, the calculation of good molecular 
orbital wave-functions, which is now beginning, will 
help greatly to clarify molecular structure and will 
enable generalizations about correlation energies to 
be made. Dr. Lowdin thought that the effects of 
correlation and relativistic corrections will be of 
importance in many chemical problems and should 
be investigated using more accurate wave-functions. 
On the other hand, Dr. Hall believed that a priori 
calculations will never be possible for more than a 
small number of molecules and that it is just as 
important to study accurately the relations between 
the molecules of a molecular series. Prof. Matsen 
considered that the experimentalists' need for con
cepts with which to organize and understand their 
results is so urgent that they may be forced to invent 
these without waiting for the development of quantum 
mechanical ones. It was Prof. Pauling's hope that 
the present introspective phase of quantum chemistry, 
though obviously necessary, will not last very long, 
since there are many urgent chemiea.l problems 
which could be solved more easily theoretically than 
experimentally. G. G. HALL 

NATURAL SELECTION IN MAN 

IN a year marked by the celebration of the Dar
winian-Wallace centenary, it is fitting that a 

symposium, sponsored by the Society for the Study of 
Human Biology and held on November 8 in the De
partment of Anatomy, University College, London, 
should have focused attention on modern analyses of 
the action of natural selection in human populations. 
The symposium comprised six papers, and in five of 
these attention was directed to a greater or lesser 
extent towards genetical matters, knowledge of which 
is basic to studies of the promotion of evolutionary 
change by selective forces. In the final contribution, 
the field was still further expanded by the considera
tion of a number of broader questions connected with 
primate (including human) ev olution. 

The balance of the whole symposium was such as 
to indicate clearly the extent to which, despite much 
intensive work, knowledge of many aspects of human 
inheritance and selection theory still falls short of 
that now available for some other animal species. 
Little is known, for example, of the multifactorial 
control of quantitative human features ; but, on the 
other hand, a considerable body of information has 
accumulated in relation to certain groups of major 
human genes, and several speakers addressed them
selves to problems associated with the action of 
selection upon individuals distinguished by the 
possession of easily identifiable allelomorphs. 

Two of several problems basic to present-day 
studies of natural seloction in man are, as pointed 
out by Prof. L. S. Penrose (University College, 
London) in an opening pa.per, the recognition of these 
major genetic factors and the determination of the 
frequencies at which they exist in different popula -
tions. The first of these aims has, in many cases, 
now been attained by analyses of the human pedi-

grees to the compilation of which much early work 
was directed. The second has only been achieved on 
any considerable scale in the case of such factors as 
those which determine the blood groups, but in this 
particular case, data. a.re now available from widely 
scattered regions of the world. 

Genetic factors of this type must, as pointed out 
in the opening paper, have arisen at some time by 
mutation, but such origins of new variability are 
rarely recorded. Thus, despite the thoroughness with 
which the blood-group systems have been studied, 
mutation in them ha.s not been observed. Indirect 
evidence, however, indicates its occurrence, some
times a.t relatively high rates. Achondroplasia, for 
example, results from the effect of a single dominant 
major gene which has in certain populations remained 
in circulation for long periods. The condition is 
associated with a marked degree of infertility, and 
the genetic wastage which thereby results must pre
sumably be ma.de good continually by new muta
tion. 

Recessive genes which, when substituted in double 
dose into certain genetic complexes, may exert 
markedly deleterious effects on viability exist in 
heterozygous form in all populations. They provide 
a source of potential variability which if liberated 
would, even in the absence of mutation, form an 
adequate basis for considerable amounts of evolu
tionary change. The scope and selective significance 
of this potential variability are difficult to assess 
from the available human data, but a reminder of 
their extent was given by Prof. Th. Dobzhansky, 
who, as the guest speaker, presented in outline 
the results of his own extensive work on the 
hidden genetic variability in wild populations of 
Drosophila. 
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The selective significance of each factor may be 
suggested by studies of the effects which it exerts on 
the processes of growth and development. This 
aspect of human genetics is still little explored, but 
a measure of the selective significance of any factor 
is given by the reproductive 'fitness' which it confers 
upon the individual. The estimation of fitness 
presents a number of technical difficulties, which were 
outlined in a paper by Dr. C. A. Clarke (University 
of Liverpool). Basically, the problem involves an 
assessment of the numbers of offspring which reach 
reproductive age, produced by individuals carrying 
the mutant a.llelomorph, relative to those produced 
by remaining members of the population. The value 
so obtained measures fitness in only a single selective 
environment, and, apart from the difficulties associ
ated with the identification of individuals carrying 
recessive mutants as heterozygotes, sampling bias 
may be introduced as a result of undue attention 
being directed towards the families which carry 
mutant allelomorphs. A further source of inaccuracy 
arises from the fact that fertility is influenced by 
numbers of genetic factors additional to the one in 
question, and these may not be randomly distributed 
among unrelated individuals carrying the normal 
and mutant genes. Errors of this type can, to a 
large extent, be eradicated by the use of sib com
parisons, but in this case further uncertainty exists 
as to whether or not the reproductive capacity of the 
'normal' brothers and sisters is representative of that 
of the population as a whole. 

Variations in the fitness conferred by different 
allelomorphs result in their existing at different 
frequencies, and it was to a formal mathematical 
analysis of the maintenance by selective forces of 
this type of polymorphism that Dr. A. R. G. Owen 
(University of Cambridge) addressed himself in a 
paper entitled "Mathematical Models for Selection". 
In this field, present studies relate exclusively to 
genes at a single locus, and for stability to be 
achieved in the relative frequencies of two or more 
allelomorphs it is necessary that each homozygote 
should have a fitness less than the average for the 
population as a whole. The frequency of each 
allelomorph is broadly related to the fitness which it 
confers, but when three or more are involved, com
plex relationships, not only between the viabilities of 
the various homozygotes but also between those of 
different heterozygotes, must be satisfied before a 
stable equilibrium can be achieved. Slight shifts in 
selective pressure can cause marked changes in the 
polymorphic balance, while selection acting differ
entially upon genotypes derived from the male or 
female parent may result in a dynamic polymorphism 
in which the frequencies of different allelomorphs 
vary continually without, however, any allele 
becoming extinct. 

That the maintenance of polymorphism in the 
frequencies of human genes depends on selective 
factors now admits of little doubt, and it was in the 
contribution by Dr. P. M. Sheppard (University of 
Liverpool) that emphasis was laid on the fact that 
genes, the presence of which can easily be detected 
by analyses of characters apparently devoid of 
selective significance, often exert secondary effects 
which influence the fitness of the individual to an 
extent sufficient to establish a polymorphism. Among 
such genes, the factors which determine the blood 
groups are probably the best known. Possession of 
the gene for blood group A is associated with a 
tendency to develop cancer of the stomach, while the 

factor for blood group O is, in the presence of the 
'non-secretor' gene, associated with an increased 
incidence of duodenal ulcer. Again, while individuals 
who are able to taste phenylthiocarbamide are pre
disposed to the development of diffuse goitre, those 
unable to taste this compound exhibit an increased 
incidence of nodular goitre. 

In certain instances complex relationships between 
the selective significance of different series of allelo
morphs arise as a result of interactions between the 
physiological characters which they influence. For 
example, the selective disadvantage which results 
from incompatibility between mother and fretus in 
either the Rh or ABO series of allelomorphs is largely 
neutralized if the incompatibility exists in both 
series simultaneously. 

Certain quantitative features (for example, skin 
colour) are known to have adaptive significance, 
while others (for example, intelligence) are correlated 
with fertility and viability. There would seem to be 
no reason to doubt that the selective forces thus set 
up have, by their action upon isolated populations, 
produced the well-defined differences which now 
exist between the major human sub-groups. In 
human populations, however, there are, as recently 
elaborated by Sir Julian Huxley, certain unusual 
selective forces in operation. These arise from 
man's unique capacity for abstract thought---a 
feature which is correlated with the marked cerebral 
enlargement that has occurred in the course of 
human evolution. Cerebral enlargement has, in 
turn, been associated with marked modifications in 
the cranial and facial skeleton, while concurrently 
there have arisen in the post-cranial skeleton 
numerous distinctive features consequent upon man's 
assumption of an upright posture. 

The final paper in the symposium contained a 
general discussion of certain problems associated with 
the study of the evolution of these unique human 
features. Following a brief review of the various 
phases of the primate radiation between the Eocene 
and the present day, Dr. E. H. Ashton (University 
of Birmingham) submitted that as the numbers of 
available fossil prim.ates are small, and as con
spicuous gaps exist in the record of each sub-group 
of the order, little can be inferred about the anatom
ical nature of the immediate ancestors of Homo 
sapiens. As a corollary it was suggested that what
ever significance may be attached to such contro
versial groups as Oreopithecus and the South African 
Australopithecinae, it is not feasible to assess the 
point at which the human stock, which does not 
appear in an undisputed form until part of the way 
through th0 Pfoistocene, diverged from the apes, the 
first representatives of which date from the Lower 
Oligocene. Consequently, the rate of evolutionary 
change in each line is indetenninate. 

One set of observations does, however, show that 
in the extant subhuman primates measurable 
amounts of morphological change can occur in 
exceptionally short periods of time. A colony of the 
West African green monkey (Oercopithecus aethiops 
sabaeus) which has been isolated for a. mere hundred 
generations on the West Indian island of St .. Kitts 
now differs significantly in cranial and dental features 
from the present-day African descendants of the 
parental stock. The St. Kitts monkey is now not only 
bigger, but also its cranial and dental dimensions 
are less variable than in the African variety. On the 
other hand, while its skull is less symmetrical, certain 
non-quantitative features of the teeth of the island 
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monkey are now more variable than in the mainland 
variety. Although the possibility cannot be excluded 
that this complex of change has resulted from the 
direct action of a changed environment on an un
altered genetic constitution, parallels with complexes 
of change recorded in laboratory experiments with 

lower animals suggest that the differences may have, 
as a basis, changes in systems of multiple genes. In 
this case, the observations would represent an 
example, at present unique, of the effect of selective 
forces upon a primate population. 

E. H. ASHTON 

WOMEN IN ENGINEERING 

PROBABLY the most persuasive case for the 
employment of professional women in industry 

has been made by the Women's Engineering Society. 
Unlike other women advocates who rely either on 
wistful laments or on emotional over-statements of 
unestablished truths, the Women's Engineering 
Society bases its case on hard-won knowledge of 
industry and on the records of those courageous and 
enterprising women engineers who have already made 
successful careers for themselves in industry. In a 
booklet prepared by members of the Careers Panel 
of the Society, it is shown that there is now no reason 
why a. girl with talent and determination should not 
embark on an engineering career with every prospect 
of success (Training and Opportunities for Women 
in Engineering, 25 Fouberts Place, London, W.1. 
3s. 6d.). She is advised, however, to equip herself 
fully with formal qualifications, like membership 
of professional institutions and those obtained by 
examination, such as a university degree in engineer
ing or a Higher National Certificate. "Engineering 
training has two distinct components, theory and 
practice, and both are equally necessary to the 
would-be engineer. The fonner can be obtained in 

Universities and Technical Colleges, while, for most 
branches of the profession, the best practical training 
is provided in industry." It is in obtaining this 
practical training that the girl student may find 
herself at a disadvantage compared with her brother. 
Entry into certain branches of engineering is easier 
than into others, and there is more prejudice against 
the employment of women in certain positions than 
in others. The new branches of engineering such as 
aeronautics, electrical and electronic engineering, or 
heating and ventilating, offer an easier entry to 
women than do the older branches such as marine or 
locomotive engineering, naval architecture or civil 
engineering. 

There is still a prejudice against putting women in 
control of large numbers of men, and few firms the 
employees of which are mostly male would consider 
appointing a woman as works manager or foreman. 
There is far less prejudice against the employment of 
women in scientific work, design or research. 

The booklet describes the training and quali
fications required in many branches of engineering 
as well as the posts available when training is 
complete. 

WATER POLLUTION RESEARCH, 1957* 

MUCH of this tightly packed report will be of 
interest only to those who are directly con

cerned with sewage treatment and pollution, and the 
thirty-two papers published by members of the staff 
during the year have nearly all appeared in technical 
journals. Some of the work is of wider appeal, and 
merits fuller mention than the rest in a journal of 
general science such as Nature. 

Various calculations have been made to find the 
most economical way of improving the 'l'hames 
estuary. Aeration of some of the worst inflows has 
been suggested, but it is shown that the effect of 
this would not be great. An increase in temperature 
would lead to an immediately greater oxygen deficit 
but a corresponding amelioration farther down the 
river. It has been found that, especially at higher 
temperature, nitrate may be reduced before the 
concentration of oxygen approaches zero, a hitherto 
unsuspected complication in calculations of this kind. 
Even after the completion by the London County 
Council in about 1962 of alterations and extensions 
to its sewage works, the Thames will still be foul. 
Sulphide, perhaps, will no longer be formed in the 
central reaches of the estuary, but oxygen concen
tration will be low. 

Fig. 13 of the report shows how oxygenation of 
water passing over a weir increases with the height of 

• Department of Scientific and Industrial Research. Water Pol
lution Research 1957 ; The Re])ort of the Water Pollution Research 
Board with the Report of the Director of the Water Pollution Research 
Laboratory. P]). iv+100+4 plates. (London: H.M. Stationery 
Office, 1958.) 6s. net. 

the weir, rapidly at first but gradually more slowly, a 
9-foot weir, the highest tested, being only slightly more 
advantageous than one 8 feet high. The effect depends 
also on the depth of the basin into which the water 
falls; with a 5-foot fall the concentration of oxygen 
increases quite markedly up to a depth of 8 inches, 
but thereafter is the same for all depths. Another 
experimental set-up of general interest is the channel 
for studying temperature gradients. It is 500 feet 
long and is made by setting baffles across a tank. 
The object is to study the behaviour of fish in a 
temperature gradient ; but first it will be necessary 
to study the nature of the gradient under different 
conditions of flow, humidity and initial temperature. 
Some figures are presented here, but it is hoped that 
more will be forthcoming and their relation to the 
results of theoretical calculations discussed. The 
continuous recorder for dissolved oxygen, on its way 
to becoming a standard instrument, has been 
developed and improved by the incorporation of a 
device for automatic temperature compensation, 
which is described. 

The amount of effluent necessary for a satisfactory 
test of toxicity is inconveniently large if the fish used 
is more than about I inch long, and foreign fish have 
been used since no British species is as small as this 
when adult. The apparatus designed for routine 
tests is described and figured. Zinc is shown to be 
toxic at lower concentration in soft than in hard 
water, rainbow trout, for example, dying in less than 
three days in 0·5 p.p.m. zinc in soft water and sur-
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