




























































































SCIENCE AND SOCIETY (Cont'd)

THE PROPER STUDY

the borderline of soclology, with the behaviour of orga-
nisms and their relationship to their environment. The
extent to which they can yleld broad principles applicable
to Man may well decide how far Science can claim to be
of direct cultural significance.

Man’s position in the world of Nature is brought most
sharply into focus by the concept of natural evolution.
Cosmie, biological and human evolution can be regarded
as phases in a continuous natural process—and, from this
point of view, astronomy, geology, blology, archaeology
and history form a continuous spectrum of knowledge.
To pass through many millions of years from a primaeval
nebula to modern man without any sudden break in
continuity of thought gives a feeling of intellectual tidi-
ness, but quite apart from this it enables us to visualize
Man agalnst the background of his past and to regard
him as Nature’s supreme masterpiece. At the same time.
he must not get too big for his biological boots or tend
to exaggerate the gap between himself and the rest of
the animal kingdom.

N o animal can manufacture aeroplanes, or
Asdic; but the prize for aeronautics must go
to the shearwater which navigated the Atlantic without
compass or chart, that for Asdic to the ears and vocal
cords of our nearer relatives, the bats. By surrounding
themselves with an electric field, some fish (e.g. Gym-
narchus) can, in total darkness, detect foreign objects in
the surrounding water with very remarkable precision.

The total weight of the mechanism involved—including
the animal’s braln—amounts only to a few grammes;
a man-made Iinstrument of comparable performance
would involve at least a ton of highly complex electronic
machinery. Again, there is no laboratory in the world
which can compete with the biochemical skill of even
the smallest living organism.

In fact, as delicate and precise pleces of machinery,
Man’s Inventions so far compare very unfavourably with
those which have come into existence during the natural
course of biological evolution. On the other hand, we
may fairly claim that we have accomplished iIn a few
centuries things for which Nature required many millions
of years. Nevertheless, we need not be in the least
ashamed of the older members of our evolutionary
family; we have still a great deal to learn from them.

To visualize Man’s position in the animal world, it
may be useful to define his main diagnostic characters.
He is a highly gregarious bipedal mammal with unspe-
clalized limbs but a very large brailn. He is the only
animal which has developed the symbolisms of speech
and writing, and he may well be the only animal capable
of rational thought. He is, therefore, the only organism
which can hand on patterns of acquired learning from
one generation to another. To these advantages he owes
his dominant position in the world today.

They have enabled him to exploit his environment
and increase his numbers and his range of distribution
far more quickly and far more extensively than any
animal of comparable size. He has eliminated some of
his competitors and exploited others for his own use,
but the time has now come when different races of men
are competing with each other within the closed arena
of a limited environment, and it is not easy to see where
it will end.

There is nothing equivalent to this in the inanimate

32 world; but, when a blologist looks at the general trend

of events, he is inclined to say, “Where have I seen
something like this before, what is it due to, and how
does it usually end?”

Nature has made, not one, but two great experiments in
the design of social animals. The first was carried out
in Mesozoic times when Man’s mammallan ancestors
were beginning to emerge from reptiles. The results of
this experiment are represented today by the social
insects—notably the ants.

There are a very large number of different species of
ants, none of which interbreed; among them is found
a range of complexity of social behaviour which is not
only unique in the animal kingdom but which forms
a 1vvery remarkable parallel to different races of human
beings.

At one extreme are species forming small communities,
restricted to localized or specialized environments and
exhibiting relatively little subdivision of labour between
individuals.

At the other extreme are large and often aggressive
communities with marked differentiation of structure
between different grades of individuals; populations of
this type display high levels of co-operative effort involv-
Ing, in some cases, the rudiments of agriculture and
husbandry. In all cases, however, ant societies are orga-
nized on a stralghtforward totalitarian basis, the
contribution made by each individual towards the welfare
of the community is determined from the time of birth;
each grade of individual is structurally adapted for pre-
determined tasks.

How far ants can communicate with each other may
be doubtful, but it is tolerably certain that members of
the same community recognize each other by a charac-
teristic smell, and as the brain of an ant is about the size
of the head of a pin, it is perhaps not surprising that
ants should attack or kill an individual from another
colony with a smell slightly different to their own. It
is much less easy to understand why 2 man, with a brain
of an entirely different order of complexity, should, at
times, react almost equally violently to skin pigments
different to his own.

But it is not only in respect to individual relationships
that the study of ants is relevant to Man. Ants are the
only organisms which—apart from Man—indulge in orga-
nized warfare—raiding the nests of other species and
incorporating captives Into their own societies. But
perhaps the most striking facts relate to species which
ﬁave changed their habits and distribution within recent

mes.

I wo instances of territorial expansion are
known to have occurred in the last 150
years. Early in the nineteenth century an Eastern
species (Pheidola megacephala), having spread rapidly
over North Africa and South Europe, managed to reach
the islands of Madeira and Bermuda; in both places it
exterminated the smaller native races.

Meanwhile, a similar policy had been carried out by
another species (Iridomyrmex humilis), from the Argen-
tine, which, having landed at New Orleans, very rapidly
overran the southern United States; in due course, it
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too reached Bermuda, where it proceeded to eliminate the
earlier invader.

In the world of ants there is no place for small peaceful
communities unless they can Isolate themselves effect-
ively from larger and more powerful neighbours, nor does
there seem any lasting peace between large aggressive
communities. Solomon’s advice has, I suspect, been
misinterpreted. It should read: “Consider the ants, and,
if you use your intelligence, you will see how not to deal
with international problems.”

Having designed the ants, Nature walited for about
150 million years before embarking on her second or
human experiment. She waited, in fact, until it could
be carried out with a species in which an individual’s
contribution to society was no longer based on inherited
structural characters but on the power of inter-commu-
nication with other individuals; in other words, until
Man’s brain had reached a level of development which
enabled him to control his environment, and to deal
rationally with the subdivision of labour between indi-
viduals and with the distribution of natural resources
between different groups of individuals.

At the same time she arranged that such groups should
not be physiologically isolated from each other. Different
races of men can interbreed, or they can, if they wish,
come to mutual agreement about the distribution of world
resources. The first policy would seem to lead to a
world state with uniformity of social pattern and of
material interests; the second involves territorial limita-
tions and economic agreements. Both, as we know only
too well, involve great practical difficulties. All the same,
men ought to be able to do something better than ants.

The second basis of comparison between Man and
animals concerns the factors which control his behaviour.
The past 50 years have produced a very great Increase
in our knowledge of animal behaviour. For present
purposes, however, attention may be focused on two
problems: the extent to which animals can profit from
extraneous Instruction, and the extent to which they
are able to learn for themselves.

W E can explore the first of these flelds by
means of the conditioned-reflex technique,
whereby an animal learns to assoclate a specific visual, or
other sensory stimulus with forthcoming food or impend-
ing danger. In order to establish this result it is necess-
ary to conform with five basic principles all of which
have their counterpart in the training of human beings.

(1) The response-expected from the animal must not
be unduly complex; the animal must be able to
reach the food or escape the danger by making
reasonably simple movements. In other words, the
problem must not be too difficult.

(2) The lesson must be presented to the animal under
conditions which ensure freedom from extraneous
disturbance. It will not learn if its attention is
constantly diverted by other changes in its envi-
ronment.

(3) The problem must be presented to the animal on
an adequate number of occasions; the more fre-
quent the lesson, the fewer the mistakes become.

(4) There must be an “incentive” to learn—a reward
for success or a punishment for failure. Further,
the "rleward” must be related to the needs of the
animal.

(5) Finally, the experimenter must possess adequate
skill and patience. The ability of an animal to
learn depends to a very large extent on the per-
sonality and enthusiasm of the teacher.

These flve principles apply equally well to the education
of human beings if we make suitable allowances for
increase in complexity of the lesson and for changes in
the nature of the incentive to learn. But we can go a
little further, for, as with men, different individuals of
the same animal species learn at very different rates.
Curiously enough, however, there does not seem to be any
clear correlation between an animal’s ability to learn
and its position on the evolutionary tree.

|'r is possible to trace the structural evolution
of the human brain through each of the main
classes of vertebrate animals; the large paired hemi-
spheres of our brain arose in the Devonian lung-fishes
and the cerebral cortex in the early Permian reptiles.

It would be very convenient if step by step with an
increase in size and complexity of the brain it were
possible to trace a corresponding increase in complexity
of behaviour and in ability to learn. This is not the
case; some fish without hemispheres or cortex can exhibit
behaviour patterns which seem just as complex as those
of reptiles or even of some mammals.

In due course this difficulty will be resolved, but for
the time being one can only say that there seems to
be one feature common to all species which learn easily,
namely, a vivacious but not unduly excitable tempera-
ment—{fish, rats, monkeys and children all have a natural
tendency to explore their environment and they are inter-
ested in anything new or strange; they are all, perhaps,
potentially good scientific observers.

But the value of the instruction given to human beings
by a teacher is largely judged by the extent to which it
enables a pupil to make use of his acquired knowledge
and to go on to learn more by himself. Within the animal
world there is very little evidence to suggest that expe-
rience acquired from one pattern of environment or from
one problem can be readily applied to others of a some-
what different nature. An animal’s own approach to a
problem, like that of a very young child, is very largely
one of random exploration; once it has found the solution
by chance, the number of ineffective responses on future
occasions becomes less and less until the correct response
is stabilized.

How far animals display evidence of the higher levels
of mental analysis associated with “intelligence” in
human beings is not too clear, for it is extremely difficult
to subject intelligence to an agreed standard of measure-
ment. When judged by human standards the I.Q.s. of
all animals are, undoubtedly, very low; but, it may be that
we are not always setting them quite the right type of
examination.

Although it is difficult to correlate an increasing capa-
city to learn with an increase in size and complexity of
the brain throughout the main classes of vertebrates, it
seems clear that there is a substantial increase in
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SCIENCE AND SOCIETY (Cont’d)

MAN VIEWED THROUGH

BIOLOGICAL

learning ability as soon as an animal’s brain reaches a
level of structural complexity comparable with that of
man.

The young chimpanzee, like a human baby, is typically
a friendly, playful creature dependent on and with an
affection for its mother. But as it grows up, it begins to
show marked signs of individuality; some become morose,
unfriendly and vicious, others retain a Iriendly dis-
position towards their neighbours and a co-operative atti-
tude towards human teachers.

The ability to respond to training shown by the latter
type of individual is, of course, very remarkable, but whpn
left to itself a chimpanzee seems to rely on an lnitlg,l
process of trial and error. Like many other mammals:, it
can give audible and visible signs of fear, anger or pain;
but there is no evidence that a chimpanzee can make au-
dible or visible signs which other individuals associate
with specific material objects; the mental development of
the adult ape seems roughly equivalent to that of a
human baby before the latter has learnt to speak.

lN short, nothing can possibly disguise the
enormous difference between an adult ape
and an adult man in ability to learn and to control their
environments, but it might be argued that a relative test
of the brains of the ape and of Man as computing instru-
ments should be conducted on the basis that mneither
pupil nor teacher should be allowed to speak, read or
write: the gap between animals and men might narrow

very appreciably.

The third and perhaps most important biological aspect
of Man’s behaviour concerns the gregarious habit. Here
again the distribution among vertebrate animals is
curiously unrelated to their evolutionary history: it is
weil marked in certain species of fish, birds and mammals
but absent in others. In some cases the existence of a
herd or flock is clearly of survival value; a pack of wolves
has a wider choice of food than an individual operating
by itself.

But it is not always clear why one species should be
mores gregarious than another to which it is closely
related. In the present state of knowledge it may be
safer to say that some animals are restless or uneasy
unless in close proximity to individuals of the same
species—that they have, in fact, a deep-rooted antipathy
to isolation or loneliness. In any event the resultant
grouping establishes the herd as a unit which responds as
a whole to an external stimulus applied to one or a few
individuais.

The response is most clearly marked when the stimulus
evokes an emotional reaction of fear or anger in the
individuals directly concerned, and one of the most dis-
tinctive features of herd behaviour is the speed at which
these emotions spread throughout the community. If
certain individuals are more highly susceptible than others
to external stimuli the response of the group is deter-
mined by the most timorous or the most belligerent mem-
bers of the community.

The majority of the herd subjugate their own individual
behaviour to that of a few, and in the long run the in-
dividual beneflts by greater security from predators or
greater certainty of obtaining food. If an individual is
unduly insensitive to emotional stimulation by its neigh-
bours, it is likely to be eliminated by natural selection—the
sheep that walks by itself gets eaten and the solitary
wolf may starve.

These principles were applied to the analysis of human
behaviour by Wilfred Trotter (described in his book, “The

SPECTACLES

Herd Instinct in Peace and War”). In order to avoid phy-
sical or mental isolation men are prepared to subjugate
their own immediate needs or predilections to those of
society as a whole. Antisocial activity is kept in check by
fear of intellectual or physical isolation; feelings of in-
creased security and greater freedom from personal doubts
and fears are set off against loss of individual freedom of
action.

How far psychologists have developed or rejected
Trotter’s suggestions I do not know, but there can be
little doubt that they opened up a useful biological
approach to sociology by suggesting that our instinctive
reaction to something new or strange is, as in animals, to
conform with our neighbours, and that, at moments of
crisis, it is better to follow a leader than rely on personal
judgments. These and allied problems belong to the
domain of psychology. All I wish to stress is that the
phenomena of mass psychology in Man, like other aspects
of his behaviour, have their roots far down in his evolu-
tionary history.

Perhaps the most striking difference between the social
habits of Man and those of animals is the existence of a
hierarchy or grading within human society. Only in a
very few cases does this appear to exist within the animal
kingdom. The nearest approach seems to occur in birds;
a flock of jackdaws feeding in a restricted area resolves
itself into a 'well-marked order of feeding priority.
Konrad Lorentz has recently reported that if a high-
ranking male decides to mate with a low-ranking female,
the latter rises in social status and feeds with her
husband; all this sounds reasonably familiar to human
ears.

This is perhaps as far as a zoologist ought to go In
trying to view mankind through biological spectacles. But
one does not need to be a professional biologist to appre-
ciate that the rates of change in the pattern of human
behaviour and in the nature of our environment have,
during the past five thousand years, been incomparably
greater than those of any other organism at any period
of its history; our clothes, houses, habits and social orga-
nization change with successive generations.

I HE fact is that if one were forced to choose
the organism which best displays the pheno-
menon of persistent evolutionary change one would
undoubtedly choose Man.

In suggesting further points at which biological
principles seem to be applicable to the evolution of
human society, a 2zoologist can only look towards
Archaelogy and Anthropology and hope that his spec-
tacles are not completely out of focus. In its very
early stages human society must have been organized
into quite small units, each dependent on the natural
resources of a small circumscribed environment.

The discovery of fire and development of agriculture
must have increased the range of the environment and
the optimum size of the population required for its exploi-
tation, and the stability of the group would become more
and more dependent on the maintenance of an effective
subdivision of labour; but the larger the population and
the greater the degree of specialization, the greater the
limitations imposed on individual freedom of action.

A new and very important social factor seems to have
come into action when natural phenomena became linked
with supernatural concepts—fear of isolation or reprisals
from fellow-men being reinforced by fear of a super-
human agency and a sense of greater security inspired
by reliance on supernatural support. Such beliefs had
no material basis but they would be the cement which
held society together and, as such, be of immense survival
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WORLD SCIENCE SURVEYED (Cont’d)

MOVEMENT TOWARD UNITY IN SCIENCE

| Improvement of traditlonal methods of fertilization
and soil improvement by placing them on a scientific
basis and, at the same time, international research to
increase productivity of plants.

B An international co-ordination of research aimed at
developing inexpensive nuclear fuels.

| An international conference on problems of energy
storage, especially those arising in intermittent sources
of energy such as wind or sun. In addition, international
support is needed for development of the direct produc-
tion of electricity through the light or the heat of the
sun (through photoelectric or thermoelectric cells instead
of the inefficient cycle of the steam engine).

M A series of steps to assist new countries to formulate
scientific policy and to train scientists, technicians and
engineers.

Despite this arbitrary summary of Professor Auger’s
recommendations, it should not be assumed that he pro-
duced his survey by placing scientific disciplines in arbi-
trary pigeonholes. On the contrary, he brings out very
clearly that the trend of the past years toward specializa-
tion is mow being accompanied by a parallel movement
toward unity in science. The old barriers are falling with
the growth of new sciences bearing such names as astro-
physics, mathematical chemistry or physico-chemical
biology. At the same time, the role of mathematics itself
has broadened to the point where it pervades all sciences,
substituting precision and prediction for groping.

Another barrier is also crumbling: the one between
applied and fundamental science. While Professor Auger
notes that applied research has grown to the point where
there is a danger at times that it might squeeze out
disinterested research—which would be as absurd as killing
the goose that lays the golden eggs—there is now a for-
tunate tendency toward blending of the two.

The old distinction, therefore, does not stand up in the
modern world. Professor Auger replaces it by a new clas-
sification of scientific research into four types:

—TFree fundamental research or pure research; oriented
fundamental research; applied research and then the
final stage of development work to secure economic or
social benefits. All are intimately linked.

ON the basis of the survey, Professor Auger has
brought out an even dozen main trends in
world sclentific research. He begins with the extension
of physical frontiers, pointing out that, today, “the
scientist can produce on the spot, in his laboratories,
conditions which occur only in inaccessible regions such
as the centre of the stars or the depths of the earth, or
which perhaps do not exist anywhere in the universe”.

Chemical frontiers, too, are being extended in the
development of hitherto impossible purity of certain
substances. At the same time, nuclear reactions have
made it possible to extend the periodic table beyond 100
elements.

In both physics and chemistry progress is directly relat-
ed to constant improvement in the accuracy of measure-
ments which, Prof. Auger points out, automatically opens
the way to new discoveries.

The third main trend is automation, a science in its
own right. Not only is it revolutionizing industrial pro-
duction, but it is taking the human error out of measure-
ments.

The whole fascinating process of research on the

earth’s crust, the ocean depths, the polar regions and the
vastness of interplanetary space forms a trend which Prof.
Auger succinctly sums up in one word—exploration.

“Man agalnst nature” is a fifth trend, englobing all of
our efforts not only to explore nature but to force it
into a mould suiting our purposes. This trend, Prof. Au-
ger remarks, has already added years to the human life
span.

The study of natural equilibria and cycles is a trend
of increasing importance at a time when man is modi-
fying these cycles by transforming water conditions, using
up coal and oil reserves deposited over eons and stripping
the earth of its forests. This research is essential to eco-
nomic planning today.

Dwindling of natural resources has intensified a scien-
tific trend aimed at increasing our supply of energy. This
has already led to nuclear fission energy and to research
on fusion or thermo-nuclear energy. Side by side with
this search for mew sources of energy is to be found
revived interest in old ones: the sun, the wind, the tides
and waterfalls.

THE problem of energy, Prof. Auger remarks,
was mastered by the nineteenth century. It
is the twentieth century that is mastering, In another
major trend, the analysis of the structure of matter. We
can now “see” the structure of solids, liquids, living cells
or molecules through new techniques of analysis.

While science studies existing structures, it is also
devising new ones. This synthesis of complex chemical
systems is giving us substances such as plastics which imi-
tate or improve the properties of natural structures.
Mathematical research is closely tied to this trend.

Transport is another main field and Prof. Auger divides
current scientific research here into two aspects: electri-
cal transport and material transport. Considerable work
is being done to cut losses in the tranmission of electri-
city while there Is a trend to simplify the movement of
materials through the use of glant tankers or huge
pipelines.

Communications, termed by Prof. Auger as “the trans-
port of complex patterns”, are also leading scientists to
seek ways of reducing losses in transmission. At the same
time, methods must be found to move an increasing
number of “messages” of all kinds over a limited spectrum
of usable waves.

Finally, Prof. Auger singles out the interaction between
the various sciences themselves as his twelfth main trend
in the world of science, with mathematics in a royal role.
“Almost as if they could foresee the needs that would
gradually come to be felt by physicists, chemists and bio-
logists,” he remarks, “the mathematicians have almost
always evolved in advance the purely logical theories
containing the required tools of thought.”

In the eyes of Professor Auger, these present trends in
sclence are not creating a sclence-fiction world dwarfing
man Into insignificance. On the contrary, he stresses that
human biology is to be found at all levels of pure and
applied research today. Automation has mot replaced the
observer and the demands of the human mind are the
very source of fundamental discoveries in science.

The interaction of all sciences and this emphasis on
man are two overall movements which, the author of the
report concludes, “are jointly making a powerful contri-

bution to the unification of scientific thought”.









It needs patience—patience on the part of the scientist
who has to explain; patience on the part of the expositor
who has to win and pass on that explanation; and
patience on the part of the reader or the viewer who has
to be wooed into an understanding of the discoveries and
developments which are dominating and revolutionizing
his life and the society in which he lives.

The tools of my trade as a science-writer have been—
apart from a typewriter—three questions: “What are
you doing?” “How are you doing it?” and “Why are
you doing 1t?” With patience on the part of the
scientist and patience on the part of the inquisitor, there
are few things in science, however apparently abstruse or
novel or difficult, which cannot be explained in compre-
hensible terms.

One of the major difficulties is the terminology—the
jargon of science. The scientists in the various branches
and disciplines of science have invented their own
language of convenience. Where once the terms were
descriptive they are now cryptic—sometimes one feels that
like the code names for military operations, they have been
deliberately invented to mislead and, like the sign lan-
guage of the mediaeval crafts, designed to preserve the
inner mysteries for the few.

Sometimes—Ilike “barn” in nuclear physics or “hard-
ware” In the jargon of the electronic englneer—they are
survivals of common-room jokes. Sometimes they are
borrowed, like the confiscation of the word “plasma” by
the physicist from the biologist. What the scientist, who
in the restricted company of his colleagues uses them as
commonplace terms, does not always realize is that such
words are like index cards; to him they convey a whole
filing cabinet full of meaning but he- forgets that others
do not have access to that filing cabinet.

This is, alas, inevitable., With the proliferation of
science, the scientist is entitled to his “language of
convenlence” but he must, when necessary, define those
terms. A century ago, any man of science 'was intelligible
to any educated man—that educated men were an élite
is another matter; terms had a common-root etymological
meaning and in that sense were descriptive. Today, I
repeat, they are cryptic.

I have sometimes described myself as a “babelologist,”
a student of that babel of tongues which is science. I also
boast that I am an expert on experts—one who knows
to whom to turn for the information one has not got. In
that I personify the science-reporter, who is the trustee,
for the common man for whom he seeks enlightenment in
the common tongue: who never relies on what he knows
but turns to the expert sources for current guidance; and
who does not make the mistake which many academics
do of confusing ignhorance with lack of intelligence.

l HAVE, after thirty years of trying to explain
science, a reinforced confidence‘ih the capacity
of ordinary people to grasp what is made intelligible—
provided that their interest has been enlisted and their
imaginations illumined. But that after all is surely the
essence of all good teaching.

May I be more profound? The crisis of our times is the
break-down of communications—not just in the sense
of political barriers, but in this all important area of
science. Our lives, our hopes, and our survival depend
upon the uses which are made of science. To progress,
we have to use scientific knowledge and discovery to its
utmost advantage. Science, in the advanced countries,
is developing so fast that it is almost impossible to keep
pace with the knowledge—and the gadgets—which are
aggregating. I belleve that some 3,000,000 original scien-
tific papers a year are published. No one can compass so
much information.

The various branches of science are out of step. Cults
of science are developed and encouraged by dispropor-
tionate budgets. Large areas of science are enclosed in
the compounds of military security; others are segregated
merely by over-specialization; the fences are up. One
set of scientists does not know what another set is doing,

and yet there may be an important affinity of material
value to mankind.

There are too few communicators within science and the
bridges are ‘broken between the humanities and science.
Those who have to make the social judgments about
science have usually no scientific training—worse, their
own education makes them feel that anything -which
involves such intensive training is beyond their compre-
hension and that they must “rely on the expert”. But
there is little in the training of the scientist, preoccupied
with all that has to be learned in his own subject, which
gives him the capacity for social judgments. -

We are in danger of being subjected to the tyranny of
the experts—faceless men at the elbows of the uninstruct-
ed. They are not tyrants by disposition but by our default.
How are we to teach people enough about science to
allow them to make judgments, to decide priorities,
instead of encouraging cults by gusts of emotion, and
to see that, with the inallenable rights of curlosity and
the quest for knowledge unimpaired, science, with all
its potential for good or evil, is directed to the advantage
of mankind?

H ow much more resources and attention should
we be giving to the problems of this planet on
which 4,000,000,000 people will have to contrive to live
20 years from now? Is space adventure more important
than the food and population problem, for instance?
This is not a question of one or the other but of how
much? And how, with all the spectacular advances of
today, can we close the widening gap between the pros-
perity of the scientifically advanced countries and the
impoverished ones?

These are social judgments fraught with stupendous
consequences, and they must be based on the understand-
ing of science and what it can make available.

Without arrogating to the science-writer all the wisdom
of the world, it is true that he has the opportunity for
better understanding. He is a “synoptic scientist”; he
travels across the advancing fronts of all branches of
science and can see, at first hand and in survey, what
preoccupied sclentists cannot see for themselves and
what men of affairs can mnever see panoramically. His
job is to pass that knowledge on—either along the line of
science or to the public. He is, by the accident of his
trade, as a collector and disseminator, the prototype of
what should exist in academic and public life, the
communicator of information on which judgments can be
made.

In his own working life, his function is to convey to the
mass of the people the facts about science but also, I
suggest, to convey an interpretation of the social
implications of new developments. I know that many of
my colleagues think that they should confine themselves
to description and explanation and leave the value
judgments to others. I disagree profoundly. Our access
to information, our point of vantage on the scientific
scene gives us responsibilitles which, In the present
situation, we must not shirk.

I am still by instinct and by training a reporter. My
work as a journalist opened the once-closed doors ‘of
science, but the insight and experience which I gained
opened for me doors on to a wider world. For the past
15 years, I have had the privilege and opportunity of
travelling round the world, mainly for the United Nations
and its agencies, to see how science and technology can
help the less-developed countries to achieve material well-
being for their people.

That combined experience is what I am now taking
into university life as Professor of International Relations
at Edinburgh. The only “international relations” I am
qualified to teach is how by the common understanding
of science, and by the proper application of that
knowledge to the common needs of mankind, we may
achleve a greater common understanding between
peoples. In that purpose, I am confirmed by the Kalinga
Prize, awarded to me because that Is what its founder
hoped to encourage.
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A TOOTH WAS THE CLUE (Cont'd)

AFRICA, EUROPE AND ASIA ALL KNEW
PITHECANTHROPUS ERECTUS

fossils over the hillsides and we eagerly went to work,
soon assembling a large collection of teeth and bones of
extinct animals. This included the remains of hippopo-
tamus—no longer found in Asia—various elephants, deer,
pigs, tigers, rhinoceros and other animals.

Then, one day in September 1937, we made an impor-
tant ind. One of my enthusiastic Indonesian collectors
came across a plece of skull. The next day I hastened
to the spot and promised the workers ten cents for every
piece of skull they brought me. I myself soon found
a large plece of the frontal bone, but my collectors only
brought me small fragments.

Too late I discovered what happened; the workers
had broken up all the -larger pieces in order to make
more money! I was eventually given more than 40 pieces,
but fortunately there was very little difficulty about
jolning them together since the skull was over one centi-
metre thick.

It soon became clear that we had actually found a
second Pithecanthropus skull. It would be difficult to
find two skulls in a modern anthropological collection
which are so completely alike as Pithecanthropus I and
II, although the places of discovery were 30 miles apart.
The new find was finally complete enough to include the
ear regions on both sides of the skull. One glance was
enough: Pithecanthropus had undoubtedly been a human
being. After 46 years the puzzle had finally been solved.

I HE Pithecanthropus-Group which lived bet-

ween 400,000 and 600,000 years ago, had a
thick brow with strong supraorbital ridges. The forehead
was flat and the skull, though lower than that of modern
man, was about the same length and width. Owing to
the thickness of the skull bones, the space available for
the brain was very limited: Pithecanthropus had a brain
capacity of from 750 to 1,100 cubic centimetres; modern
man’s is between 1,350 and 1,500.

A whole series of lower jaws of Peking Man were dis-
covered—unfortunately the best of these specimens were
lost during the Second World War—and studies of these
revealed that they had a common link with other famous
discoveries. It became clear that the celebrated Heidel-
berg jaw—Europe’s oldest and most primitive human
relic—discovered in 1907 and the large Ternifine mandi-
bles from Algeria, recently discovered by Professor Aran-
bourg and described as a relic of Atlanthropus, belonged,
like Peking Man, to the Pithecanthropus-Group.

That this group also occurs in Central Africa was shown
by the latest find of Dr. L.J.B. Leakey which has just
been announced. In the Serengeti steppes of Tanganyika
there is a gorge about 100 metres deep known as the
Olduval Gorge. This has been cut through a thick layer
of horizontal strata, the majority of which had been
deposited in an old lake basin. In addition to numerous
remains of fossil mammals, most of them extinct, there
are also stone implements here.

Dr. Leakey, the curator of the Corydon Museum in
Nairobi, who discovered and described these remains,
found no less than ten different levels containing stone
implements. In the deepest strata we find simple pebbles
which have been converted into a cutting tool by having
the two sldes knocked off. These are the implements of
the “Oldowan culture” and the higher the stratum the
better are the tools. First of all we find large hand axes
of the “Chelles Culture”, with their irregular cutting
edges, and higher still the thin oval axes with the straight
edge of the “Acheul Culture”.

These last two cultures were also known in Europe and
derive thelr names from the French places of discovery.
But nowhere in the world can the evolution of the hand-
axe cultures be followed step by step as they can in
Olduval. I was able to visit the diggings under Dr. Lea-
key’s guidance and It was an unforgettable experience.

Who made these stone implements? Although Dr. Lea-
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only in the past few years that decisive discoveries have
been made. A skeleton discovered there in 1913 proved to
be of too recent interment to have any significance.

We can deal here only with the two most important
discoveries at Olduvai, the first of which was made in
1959 by Mrs. Leakey. This was a skull which came from
the lower stratum of the primitive “Oldowan culture”.
Zinjanthropus, as Leakey called it, surprised us all for
it had a small ape-like skull (brain capacity about
600 cubic centimetres) with a low crest, a large, coarse
face and powerful teeth. The molars were actually
almost twice as large as those of modern man while the
eye teeth and inecisors were disproportionately small.
Leakey gave this find the name “Nutcracker man” on
account of the extraordinary dentition.

As a type, Zinjanthropus was by no means unknown to
us. We had already seen such examples of the Australo-
pithecus-Group from deposits found in rock fissures of
South Africa. The name literally means “Southern ape”
(Austral—south; Pithecus—ape), and reminds us how
controversial these first discoveries were, though it has
been shown by new discoveries that Australopithecus was
similar to man and could even walk upright.

All members of this group have small brains and large
jaws. The result of this combination is that the bunches
of muscles for moving the. lower jaw meet together at the
top of the head and form between them a bony ridge—
the crest already mentioned.

Similar conditions are found among anthropoid apes.
Among the forerunners of men we find a constant decrease
in the size of the chewing apparatus and a marked
increase in cranial capacity—in other words, precisely
the opposite trends.

For these reasons we consider—and I believe that most
of my colleagues will agree with me—that Australo-
pithecus was a side branch of the human family tree
which died out, and not a direct predecessor of Pithecan-
thropus, still less of Homo sapiens, the modern type of
Man. Specimens of the Swartkrans Australopithecus, also
known as Paranthropus, have a crest-like ridge exactly
like that of the Zinjanthropus found at Olduval.

N EVERTHELESS, Australopithecus is a primitive
man and this at once raises a difficult query:
did Australopithecus make implements? Various autho-
rities have provided different answers to this question;
however, the possibility that he did use tools should not
be ruled out. But we now face another problem. Was
it really Zinjanthropus who was responsible for the
Oldowan culture? Should we consider him as a logical
predecessor of the hand-axe culture, which certainly has
nothing to do with Australoplt.hecmes"

As we were expecting, this last supposition has now
been confirmed by the latest discovery at Olduvai. On
December 2, 1960, Dr. Leakey found an almost complete
skull along with primitive hand-axes of the *“Chelles
Culture 3.” Though no detailed scientific description
has yet been published, the striking resemblance between
this new find and the skulls of the Pithecanthropus
Group is obvious from photographs.

This would provide a link with the North African
discoveries, for the lower jawbones of Atlanthropus
(found in Algeria) are comparable to those of the Peking
Man. It can therefore be assumed that the new find
Is related to Atlanthropus, also discovered along with
primitive hand-axes, or rather with its forerunners. In
comparison with the Asiatic Pithecanthropus, the
Olduvai skull seems to have much heavier bony ridges
above the eyes.

Thus, these latest discoveries show us that Asia,
Europe and Africa were all inhabited by primitive Pithe-
canthropl as much as half a mlillion years ago, long
before metal was discovered—and before the Invention
of radio and aeroplanes which today make it so easy
and so difficult for us to get together.
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